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I;O.> INTRODUCTION" 

1.1 Purpose-of the Environmental Assessment'
 

The Agency for, International Development (AID) has promulgated two.new
 

regulationseffective June 30, 1976. The AID "Environmental Procedures"
 

(Regulation 16) and the interim regulations on provisions for assistance in
 

the procurement and use of pesticides.
 

The AID "Environmental Procedures".areintended to assist AID in im

plementing the requirements of the National Environmental Policy Act of 1969
 

(NEPA).; AID's new policy isto. (1). assist in the strengthening of the in

digenous capabilities of developing countries to appreciate and evaluate-the

potential environmental effects'of the proposed projects and (2)ensure that
 

any environmental consequence of proposed AID activities are considered in
 

collaboration with the host country, and yet remain consistent with the, in

tent of NEPA.
 

Based on an Initial Environmental Examination, an Environmental Assess

ment (EA) was determined to be required,. The purpose of-the-EA isto provide
 

-AID and host country decision makers with a.comprehensive understanding.of
 

,the reasonable foreseeable environmental effects, both positive and negative
 

of a proposed action and its reasonable alternatives, carried out with or
 

affecting the host country. The expected benefits of the development ob

jectives can be weighed against any adverse short of long term impacts upon
 

the human environment or any irreversible or irretrievable commitment of re

sources.,
 

1.2Purpose of Project
 

. Malaria inSri Lanka (SL) ranks as, tne most prevaient major aisease,
 

affecting the general population. In 1975 there was approx'imately one half'
 
-
mil lion'diagnosed cases of malaria."',The purpose of this project -isto bri n
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malaria under control, and to strengthen the institutional capabilities:
 

-. I,within-an integrated nationwide health service system to impleent the 


aria control program during the attack and maintenance phases. This-project
 
has been given the highest priority by the government of Sri Lanka (GSL).
 

The Cabinet of the GSL has approved a full five-year anti-malaria campaign.-


AID support of a malaria control program in Sri Lanka is consistent
 

with AIDTO GIRC A-733 dated July 3, 1973, which provides that assistance be
 

provided if a country demonstrates its own interest and concern for malaria
 
control through the provision of an adequate budget and staff to carry: out
 

the program. The malaria control project (MCP) is also inaccord with the
 

AID new initiatives calling for missions to work with host governments in
 

developing programs to improve the quality of life and the standards of
 

health and well-being of the people, particularly the poor majority.
 

The project is a large scale 5-year effort to reduce the incidence of
 

malaria in SL to a minimum of one case per 1000 population per year country
 

wide. The program is divided into 3 phases: (1)intensive spraying, (2)
 

selective spraying with surveillance and (3)surveillance with phased inte

gration into the General Health Services. -Program components to achieve
 

this result include:
 

1. Spraying the vectorresting places of rural homes including out

houses, with residual insecticide to interrupt malaria:transmission.
 

2. Continuous surveillance of the population at risk 'to malaria to
 

detect cases -of the disease.
 

3. Treatment of cases detected using anti-malarial drugs.
 

4. Training and supervision to insure modern effective and safe mal-,
 

aria control techniques are implemented.
 

51. Research, both basic and applied, to provide epidemiological and.
 

entomological,,,,knowl edge on malaria in SL.
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* 6. Health education to familiarize the general public of the causes,
 

methods of preventionland actjVities ofthe malaria-control program.
 

7. Evaluation of program effectiveness through monthly country wide
 

reviews.and annual evaluations.
 

2.0 DESCRIPTION OF.COUNTRY
 

2.1 Location and Size
 

Sri Lanka is a pear-shaped tropical island i n the Indian Ocean located
 

18 miles off the. southeast :tip of the Indian mainland. It lies between the
 

northern latitudes 5055' and 9050' and the eastern longitudes.79042' and
 

81052'. It isbounded on the west by the Gulf of Mannar and on the east
 

by the Bay of Bengal. It has an area of 25,332 square miles (65,610 km2).
 

It-is 270 miles (432 km) long from Point Pedro, its northernmost tip, to
 

Dondra Head, its southern tip, and 140 miles (224 km) wide fromColombo on
 

the west to Sangamankanda Point on the east coast.
 

2.2 Physiography,
 

The island has a,'coastal belt that rises 'from sea level to 100 feet
 

(30.5 m)above, approximately 25 miles (40 kmi) across at its'.widest point.
 

Sandy beaches extend for great distances, .indented.by coastal -,lagoons. The
 

soil is sandy and saline. An extensive belt of rolling plains striated with
 

ridges rising from100 to 500 feet, (30.5-152m) in the south, covers-most of
 

the island. The soil is fertile loam, humic and-in the north, limestone.
 

An irregular shaped mass of hills occur-in the south central portion, with
 

heights reaching: over 6000,feet (1829-m). The highestelevation is at;
 

Pidurutalagala (8292 flt-2528 m).',..
 

The rivers rise in the high mountains of the central southwestern hill
 

country and flow 'ver the plateau to the plains. Some are streams :that dry
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up in the dry season. Rivers, are more numerous in the'southern iandsouth-. 

western parts. In the northern, eastern and northeastern plains, long, dry 
spells may cause the majority of the rivers and streams to be reduced to a 
trickle for the-most part of the year. Therelare 16'principal rivers, the 

Mahaweli Ganga (206 m, ,330 km) being the longest. 

Though there are few natural lakes, thereare 12,000 bodies of water 

ranging,.,.from tiny ponds to man-mde .1akesi severa 1miles'wide. Some of these 

large:,bodies of Water are used as reservoirs 
or tanks. 
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2.3 Climate 

Since Sri Lanka isa relatively sma 1isiana near. neLqua.or,T 
ne .
 

surrounding.ocean-tends to stabilize the temperature and relative humidity.
 

Variations aresmall inany one place .throughout the year, however consid

-erable vari'ation exists between the lowlands (Colombo, sea level, 80.60 F.
 

annual .average) and-the mountainous areas (Nuwara Eliya, 6199 ft.,1890 m,
 

60.00 .annual average).
 

The island's relative humidity isgenerally high, ranging from 61% 
to
 

Humidity typically in90%. Seasona variations occur but are not great. 


creasesaitnight as. the temperature decreases.
 

- monsoonal, convectional and depress-
Rainfall isof three main types 


ional. There are two monsoon seasons and two intermonsoon periods. The
 

southwestmonsoons (Maha) occur from May to September, bringing 15-25inches
 

(35-63.5 cm) of rain to the southwest coastal region, moving inland to 
the
 

hill country and'dropping 35 inches (89.cm). The northwest and southeast
 

may remain dry. InAugust rainfall activity shifts to the northern and
 

eastern plains, bringing 2-5 inches (5-13 cm) of.rain. The intermonsoon
 

period, October, produces convectional rains, usually in the afternoon.
 

The northeast (Yala)
Islandwide, this isthe rainiest period of the year. 


monsoon starts in November and drops 15-20 inches (35-51 cm) on the northern
 

and eastern slopes of the hill country. Itisa weaker and drier monsoon
 

than the southwest monsoon. By February the rains have dwindled to 2,-5
 

inches (5,13 cm) per month over the easternh half of the island.'iMarch
 

through-April,.the second intermonsoon period, may,bring some rainfall be

"cause ofdepressions,,.but generally the quantity isless than the first
 

intermonsoon.period'.
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The intensity and distribution of:rainfall. has created three basic

- dry, intermediate and wet.- These zones correspond,Veryrclimatic zones 


closely with the different levels of endemicity of malaria. The low rain
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fall of the southwest monsoon, that may .occur,inthe dry .zone,, intermediate',
 
zone and fringe areas of thie wet Izone can 1result -in,
pool .formation in the
 

streams and rivers,. As the maih mosquito.vector ofmalaria(Anopheles

culicifacies Giles): favors drought pools, 'this may produce avectorpopula

.tion explosion resulting in periodic epidemics of mdlaria.,
 

2.4 Vegetation
 

,A,large part of SL, particularly in the southern and western coastal
 

regions, is covered by-dense vegetation with vast tea estates in the high,
 

lands and rubber and coconuts in the midlands and lowlands. These tree
 
crops have replaced much of the virgin evergreen forests of SL.
 

SL can be-divided ,into 6 generalized ecosystemns:
 

1. The Dry zone Manilkara ecosystem covers the northwestern and
 

southeastern lowland where annual rainfall ranges between600"and 1200 mm
 

.The vegetation.is characterized by medium-sized semideciduous trees liike
 

the Ceylon ironwood Manilkara hexandra Roxb., Dub. and the Satinwood
 

Chloroxylon swietenia D.C. over a layer of spinous bush, and dense creep
ers. Much of the ecosystep is now changed, because of exploitatio of the-:
wood'and cultivation or grazing. In many areas 'there is a secondary spinous
 

dense scrub vegetation or a dry grassland, kept open by fi4'. InMannar
 

island and.surrounding areas the sandy soil has, besides Manilkara and
 

Bauhinia, a sparse tree vegetation of Acacia planifrons W, &A.
 

2. The Dry zone Chloroxylon ecosystem covers much of the remaining.

lowland and parts of the upland. It may be doubted whether :there,are any

large remainsI of primary forest in this area. Usuallythe secondary char

acter is evident. In its old stages-the forest isdense, dominated by a
 

number of tall deciduous or semi-deciduous trees, e g. the Satinwood
 

Chloroxylon'swietenia D.:C.,', the Trincomaleewood.Berrya cordifolia Burret,
 

the Ceylon oak Schleichera oleosa Lour., Oken, and the evergreen Ebony,
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,,Diospyros ebenum Koenig. Initially, exploitationmeans removalof the
 

tall deciduous trees, often followed byshifting cultivation. The next
 
widespread stage is a dense shrub, less spinous-and less dry than in the
 
Manilkara ecosystem. As in the latter there are patches of grassland
 
with scattered trees, dry savanna, kept open by fire.
 

3. The Intermediate zone ecosystem occupies peripheral parts of the
 
wet zone lowland and wet upland to about 900 m above sea level. Much of
 
thelarea -was cultivated incomparatively recent time and isnow occupied
 
by'coconut plantations or food crops. Most remaining forests are degraded
 
or secondary. Clearing the forests inthis area of high rainfall resulted
 
*findegeneration and erosion of the soil. In the secondary forest the humid
 
and evergreen character is therefore less clear. Inits climax stage the
 
ecosystem isbased on a tall forest (upper stratum at about 30 m) composed
 
of numerous trees, many of which are evergreen, e.g. Canaruiun zeylanicum
 
BL., Dipterocarpus zeylanicus Thw., Filicium decipiens Thw., Artocarpus
 
nobilis Thw. and Euphoria longana Lamk. The secondary forest ismore tran
sitional characterized by several of-the species of the Dry zone Chloroxylon
 
ecosystem. As a result of human interference certain areas are occupied by
 
savanna, with scattered trees resistant to fire.
 

4."The Lowland wet evergreen forest ecosystem originally covered the
 
southwestern part of SL to about 900 m above sea level. Inthis area the
 
perpetual rainfall.exceeds 2000 mm and the mean temperature of the two
 
coldest months is,200 C. The virgin forests were composed of numerous ever
green tree species, some reaching heights of 40-45 m. There are very few
 
remains of this, the.foremost forest type of SL. The dominating trees are
 
Dipterocarpus spp., Doona p., Vatica spp., Hopeaspp., Shoreaspp., and
 
Mesua ferrea L. Exploitation and cultivation of-this area of rain forest
 
has degraded the soil. On exposed ground the humic layer was soon destroyed,
 
the nutrient cycle broken and upwards movement of water duringhot and dry
 
days produced a lateritic cementation of layers'near the surface. Unculti
vated, deforested areas on mountain slopes are inplaces covered by,fernland,
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mainly Gleichenia linearis'CI, o vanna. 

5. The Sub-montane wet evergreen forest ecosystem occupies the area'
 

between about 900 m and 1500 m altitude inthe wet zone. Although less
 

productive than the Lowlandwwet evergreen forest, this ecosystem, tran

sitional between systems 4 and 6, is composed of numerous tall species of
 

trees, some of which are economically important, e.g. Doona sp., Calo

phyllum spp., and Wormia triquetra Rottb. Epiphytes are common. De

forestation has advanced far: grassland, "dry patanas", or "talawa", a
 

type of savanna, and more recently plantations of tea, have occupied much
 

of the area covered by the sub-montane wet evergreen forest.
 

6. The Montane wet forest ecosystem covers the high altitude areas
 

inCeylon, above about 1500 m. The humidity and rainfall are highand
 

the temperature of the coldest months comparatively low. The low evergree
 

forest grows and regenerates slowly. Characteristic elements are e.g.
 

Syzygium spp., Gordonia spp., Michelia nilagirica Zenk., and Rhododendron
 

arboreum Sm. The trees usually bear mosses and lichens. Deforestation ha
 

resulted inthe wet patanas, a grassland, at places with much Pteridium
 

aquilinum L., Kuhn and scattered specimens of Rhododendron arboreum, adorn

ed with Usnea.
 

2.5 Animal Life
 

Sri Lanka has bean very progressive in its attempts to preserve and
 

protect its wildlife. In1938, an ordinance was passed-to "provide for the 

protection of the fauna and flora of Ceylon". Since thenramendments.have 

been added in1964 and 1970. The ordinance restricts disturbing the fauna 

and flora in the areas set aside as Natural Reserves. inthe StrictNatu

ral Reserve, no one may enter, except by permit to conduct scientific re

search.. The ordinance also'prohibits or restricts the'hunting of many, 

species of birds and 'animals'. -,Nearly 10,per lcent of the total ,land area 

has been set aside for-:National Parksi Sanctuaries and., Forest Reserves'. 
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SRI LAN 

GENERALIZED ECOSYSTEMS
 

j.TEDRY ZONE MANILKARA ECOSYSTEM 
~THE DRY ZONE CHLOROXYLON ECOSYSTEM 
~THE INTERMEDIATE ZONE ECOSYSTEM 

TI- LOWLAND WET EVERGREEN FOREST ECOSYSTEM 
t.THE SUB'-MON'TANE WET EVERGREEN FOREST ECOSYSTEIM
6THE MONTANE WET FOREST ECOSYSTEM 
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Elephant, wild buffalo, deer, Isambhur, bear, leopard and crocodileare 
found inthe parks. Approximately 400 species ,of'birds; have been recorded

from Sri Lanka. 

A few.,endangered species (Federal. Register, October 27, 1976) occur 

in Sri Lanka. These, aire listed below:' 

Asian elephant Elephas maximus
 

Langur Presbytis entillus
 

Langur, purple faced Presbytis senex
 

Crocodile, Ceyl(n mugger Crocodylus palustris kimula
 

Bengal Monitor* Varanus bengalensis
 

Indian Python Python molurus molurus
 

It is not anticipated that the anti-malaria campaign will have any
 

direct-impact on any of theendangered species.
 

2.6 Socio/economic Conditions
 

2.641 Population and Population Growth
 

SL'had.an estimated mid-year population of 14 mill.ion people in 1976 

of which 10.9 million (78%) were rural and 3.1 million (22%)'were-urban., 

The.average household size is5 individuals. Eighty per cent of theIppu

lation live inmalarious zones. The annual growth rate: was estimated to,. 

be 1.7% in 1976, down from 2.8% in 1.963, rThe government has been.concern

ed for many years about the social .and economic strain that a high growth 

rate'places on society., To' this end, they entered into an agreeme Witi 

Sweden in 1958 to receive assistance ina.family planning program. This,
 
program has been successful in decreasing the birth rate from 36.6/1000
 

in.1960 to 27.3 in 1974. The death rate'has declinedfrom a level of-27.2/!
 

1000 at the,turn of the century.to 8.0/1000 in 1975.. :A highly successful 
public health program, especially with regard tothe prevention and,control
 . s p 

ofmalaria has dramatically 'curbedthe death rate. The most dramatic imi
. ...,: e'lmost' 

http:century.to
http:SL'had.an


provement occurred 'inthe mid 1940's with the use of-DD.T 
to prevent and
 

control malaria. This was especially significant among infants.,
 

Although the population ishealthier, as evidencedby life expectancy
 

32years in1922; 43 years in 1946; 66 years in'1975; the drop
increases -.

In,the death: rate has resulted ina much more densely settled population -


The strain

178/sq.mi. in1922, 263/sq.mi. in 1946 and 540/sq.mi. in1975. 


of increasing pOpulation density manifests itself inmany ways, among which
 

are overcrowded classrooms, higher unemployment, insufficient hospital
 

space.and more governmental spending on welfare activities.
 

The Sinhalese are the largest ethnic and linguistic community con'

stituting 72% of the population. The Sinhalese community isdivided into
 

2 g'roups based upon geographical origin and cultural distinctions. The
 

low country Sinhalese (62%) live primarily in'the westerniand southern
 

coastal areas, while the Kandyan Sinhalese (38%) occupy the highlands of
 

the :south-central region.
 

The'largest and longest establisfed minority community are the Tamils,
 

The group called Sri Lankan
constituting about 20% of the population.

Tamils, constitute slightly less than half of the Tamil population, are
 

They are concentrated
descendants of':-the early Tamil kingdoms of Ceylon. 


The Indian Tamils are dein the eastern and northern coastal areas of SL. 


scendants of Tamils imported from Southern India by the British colonists
 

.to labor inthe vast tea plantations and estates located inthe Kandyan
 

region.
 

The Moors, descendants from early Arab .tradersq constitute 
approximate

ly 7%,;of the population. The balance of the-population consists of Malays,
 

Burghers and aboriginal Veddahs..
 

2.6.2 Mortality and Morbidity
 

A combination of increased health care facilities and the 'control of
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malaria have greatly influenced the, rapid decline in the crude death rate
 

and infant mortality. Over the last thirty years both rates have decrease( 

to 1/3 of, the original rate. The increasing Ipopularityof maternity hos

pitil usehas given.SL one of the lowest infant'mortality and maternal 

death rates in south-east Asia. Diseases of-the heart, circulatory and. 

nervous systems, cancer, parasitic diseases such as hookworm, tuberculosis 

influenza, pneumonia, anemia, gasteroenteritis, childbirth andiaccidents
 

caused most of the deaths from 1965,to 1975 (inorder of prevalence).
 

Though the malaria mortality isnow low, due to widespread rural
 

There were between
health centers, the morbidity isof epidemic levels. 


Inthe 1935 malaria epidemic:
1/2 to llmillion cases of malaria in 1976. 


over 100,0001ives were lost.
 

2.6.3 General Health and Welfare
 

SL has 750 medical institutions, which include Teaching, Provincial,
 
District and Cottage hospitals, Central Dispensaries, andMaternity Homes.
 

The quantity of medical Service available in SL ismuch higher than thei
 

average for South Asia, and quality of the service isconsidered high.
 

The country is divided into 104 health areas, each of which Isunder
 

A~team of PublicHealth
the charge of aMedical Officer of Health (MOH). 


Inspectors (Sanltarians) and one or more Public Health Nurses assist the
 

MOH. There are approximately 2,000 Western and 10,900 traditional Ayur-

In
vedic private medical practitioners dispersed throughout the country. 


1974, itwas estimated that there were 951 people per medical practitionev
 

The average citizen of SL has a medical practitioner of either the Westerr
 

or"Ayurvedic, type within 0.8 miles from his home, and aWestern type medi-

Cal ctitionerwithin 2.2. miles. 

The Director of Health Services administers both curative 
.and pre

including ,all the specialized.campaigns such asventative health services 

the Anti-Malaria Campaign.
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Outpatient care isprovided at Special departments inthe0hospitals,
 

clinics and dispensaries. Government provided medical attention Isavail

able to everyone, resultingi.in crowded waiting rooms and long lines of
 
patients. .. .. .. .. . . . ..
 

There were 894 rural health centers in1962, which providedcurative,
 

preventive and educational health services. They are dispersed throughout
 

the country and are connected by an ambulance service.. Ma ternal and.child
 

care are their main-concern.
 

2.6.4 Agriculture and Industry
 

•The agricultural sector (including forestry and live-,stock) accounts
 

for about 40% of the gross national product, over 50% of the labor force
 

and 95% of SL's foreign exchange earnings. Rice, the staple food of most
 

of the poulation, isthe core of the subsistence sector of the economy.
 

Rice production inSL is primarily a small land holding, hand operation.
 

Approximately 85% of all the paddy holdings contain less than 2 acres. In
 

1975, there were 1,254,417 acres harvested. There are two seasons for
 

planting crops; the Maha (July-November sowing and harvesting'5-6 months
 
later) and Yala (February-June sowing and harvesting 4 months later). The
 
average yield per acre varies from year to year but is approximately 46
 

bushels. The GSL subsidizes the cost of certified seed, and maintains a
 

Guaranteed Price Scheme for paddy, under which it stands ready to purchase
 

all the farmers rice at a rate that will normally provide him with an ade

quate profit.
 

Tea isSL's largestexport crop, and SL is the second.largest pro

ducer of tea inthe free-world. Tea. is the source of nearly 48% of SLs
 

.fOreign revenue. 'Most tea is grown on large estates, as a large capital
 

.investment, and'a large labor force is required. Tea requires at least
 

,one worker per acre. .Approximately 600,000acres were under tea cultiva

tion (1974).
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Rubber isthe'second most important export crop, and6SL is'the fourth
 

largest natural rubber producer. Rubber is grown on plantations mainly
 

in the wet zone at lower aittudes-. Approximately 565000acres were under
 

rubber cul tivation (1974).
 

Coconuts are the third most important export crop. Many of the coco

nut plantations are less than 10 acres in size. Much of the approximately
 

one million acres of coconut plantingsarein the coastal areas.
 

Other crops raised for export or domestic use include cinnamon, cocoa,
 

cardamon, citronella oil, cloves, coffee, nutmeg, pepper, chilies, onions,
 

potatoes, pulses, corn, sugar, tropical fruits and other vegetables.
 

About 5 million acres are used for agricultural purposes, with 70% of
 

the cultivated land located in the wet zone. About one half of the total
 

cultivated area is used for tree crops, tea, rubber and-coconuts. In the
 

decade ending in 1973, agricultural output increased at an annual rate of
 

2.3%, approximately less than or equal to the population growthrate.
 

Production in,subsequent years has been adversely affected by drought con

ditions and by"the increase in the incidence of malaria.
 

The most important industries are those concerned-with the processing
 

of the main agricultural export products - tea, rubber and coconuts. Most
 

of the larger investment intensive industries arein the public sector,
 

while the private sector is involved in smaller light and intermediate con

sumer industries. The GSL has been encouraging cottage industries.
 

Mining is carried out in both the-public and private sectors. SL is
 

one of the world's leading producers of amorphous graphite (plumbago).
 

There are rich depositsof ilmenite, rutile and zircon. Gemming or gem
 

mining Iis carried on both legally and illicitly.,,, SL.produces Irubies,
 

.topaz,: sapphires, cat's, eye, alexanderite, amethyst, tourmalinegarnet,.
 

moonstone, etc.
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2 6.5' Gross .iiUrw
l I-rouaucT
 

since 1970, the annual increasein GNP has averaged 2.5%, somewhat
 

higher than the population-growth rate 1.7%.,,iThe real GNP, (1975) was
 
$3.1 billion. The per capita GNP '(1975was$225). The.slow pace of
 
economic development ismainly due to inadequate investments inthe pro
ductive sectors. The value of industrial production"Was $850,000,000
 
(27% of GNP). Except for food grains, prices of major imports, fertili

zers and petroleum products have risen sharply while price-increases for
 
the 'main exports, tea, coconuts and rubber, have been relatively moderat
 

Due to recent changes inthe market, tea prices have been rising. SLnow
 

faces a severe foreign exchange shortage.
 

2.6.6 Employment
 

Due to poor production performance, the employment situation has'de

teriorated and about 20% of the labor force isunemployed and another 15%
 
are underemployed. The average per capita GNP is low (US$225 in1975),
 
however, this isan increase of 9.7% from the last year. The cost of'
 
living index in1975 rose 6.7% well below the 12.3% increase in1974.
 

The easing of inflationary pressures followed the downward trend in
 

prices of food. Average earnings per day of an agricultural worker in
 
1973 was Rs 3.82; in a trade other than agriculture, Rs 10.76; and all
 
trades, Rs 4.37. In1975 there were 4 million employed.
 

2.6.7 Social Structure
 

Sri Lanka, though a relatively small island ha's arespectable degree
 
of social: heterogeneity. The present estimated population is14 million
 
people, with.an average -household size of ',5.
 

The two most. important structural features of Sri Lankan society.
 
have traditionallv been ,caste and kinshi6. 'Althouah not officially
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,recognized by the government, caste is stillVan integral part of Sri.Lankan
 
society, especially inregard tomarriage. Caste may be defined-as an en

dogamous network of interrelated families which occupies a fixed social
 

position within a strict hierarchy of the specifically defined family net

works. As in India, the Sri Lankan Tamil's caste system is related to
 

ritual purity in a religious sense, with lower castes being impure'and
 

polluting. Traditionally, castes were representative of trade professions,
 

although, today caste'trades and modern occupations do not necessarily cor

respond. The determination of caste and the nature of the caste hierarchy
 

varies:amongst the ethnic groups and also geographically within the groups.
 

For instance, the Sinhalese recognize at least 24 castes, however, differ

ences in intensity occur between the highland Kandyan and lowland Colombo
 

sub-groups. The Kandyan Sinhalese are the more conservative group. Most
 

Sinhalese belong to higher castes, with the agriculturalist or Goyigama
 

caste being the most prominent. For example, about 3/4 of the low country
 

Sinhalese belong to high castes.
 

The caste system of the Tamils, especially the Jaffna Sri Lankan
 

Tamils, remain quite dominant. Over 18 different castes are recognized by
 

the Tamils with the most prominent again being the cultivators or Vellalas.
 

Vellalas still maintain a superordinant position in Jaffna society.
 

Caste is most important today in matters regarding marriage, household
 

matters and ritual observances. Also linked to the caste system are social
 

identity and interaction patterns, especially in rural areas. If people
 

come from far away areas and their heritage is unknown, they are confirmed 

in a relevant caste position within the local community, before they can 

interact with others.I ntimate visits between neighbors are made only with

in the same caste, particularly if meals or presence in kitchen areas is 

involved. Meals represent many symbolic-features andaretherefore subject 

to ritual pollution from someone in a lower caste. These caste influences 

on house visitations and presence incooking areas.hasa direct relevance 
on the malaria-program. Fever case detection an household spraying fre
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quently involves the necessity of lower caste caseworkers and spraymen in
 

food production areas with'the consequence.of rejection of thelanti-malaria
 

campaign. To solve this problem, the AMC has been able inmost cases toi
 

.employ local people usually.ofthe caste,-as spraymen, or work with the:'t
 

public health inspectors, who,are,usually'of a higher caste, to gain com

munity support and cooperation to meet the'AMC objectives.
 

A similar problem,exists .inthe Moslem communities where the:purdah_
 

or seclusion of women is practiced., Women are'left at home during theday
 

Spraymen have been
while the men work-in the fields or away from home. 


.
allowed to continue work onlythrough the cooperation ofllocal religious 


leaders or by using a publichealth mid-wife (Who is a respected health
 

worker) as a chaperone.
 

The extent of the spread of malaria control is directly related to
 

the social acceptance of household spraying and drug treatment. Householc
 

spraying in particular represents an inconvenience.at the 
very least be

cause it requires the removal of all furniture from the home and leaves
 

All cases ofrejection
an unpleasant odor that may last-for a few days. 


have received special attention from AMCpersonnel. By using diplomacy,,
 

teaching, peer pressure and special 
"mop up" crews, most.problems'are I
 

readily overcome.
 

In the more remote jungle areas, a significant.number.of people engage
 

Because of the,illegal. nature of
in illegal l-lumbering.and gem mining. 


these activities,. the people are suspicious of outsidersespecialiyi govern

ment workers.' These people have been hesitant to cooperate with outsiders,
 

but with their concern for-health, especially malaria, since they are in on(
 

of,the most endemic areas, they have been for the most part responsive to
 

AMC efforts.. AMC personnel have gained the trustof these people through

respecting their sanctity and by not becoming police informers.
 

SL has five major religios present with Animism being the oldet-:
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There are few, if any full-time practicing Animists on the island, however., 
the old beliefs still permeate the daily lives of almost all the people,
 
particularly inreference to causes of illness.
 

Of the four formally recognized religions present, 64%of the popula

tion are edherents of Theravada Buddhism and .it
'seems to be gaining in'
creased influence. Strongest amongst the Tamils and composing 20% of the
 
people's religious following isHinduism. Buddhism and Hindulsmare'inter
related inSL with Buddha representing spiritual purity and a leaderdof the
 
path of enllghtment rather than a god to be venerated. Many of the duties
 
ofboth religions have close correlations.
 

* Christians represent .9%of the people with the remaining 7%Muham
madans.
 

The complexities of the various,religions are important as they basic
ally predicate the beliefs held about health and cause and.cure of illness.
 
Three types of medical practitioners are present in SL with curiously no
 
,evidence of conflict or competition: Western trained physicians, Ayurvedic
 
doctors, and "charmers".'
 

'Charmers diagnose the supernatural cause of illness by using magical 
talents and supernatural assistance. Once diagnosed, treatment isgiven to 
neutralize these supernatural influences inthe form of ritual. prescription
of,,appeasement up to and including exorcism if-,demon possession isdiagnosed. 

Ayurvedtc medicine concernsi~tself with the detection of imbalances of 
bbdily forces with subsequent prescrip.tions of herbal'pharmaceuticals. Some 

.70-80% of the population consult an Ayurvedic medical- practi tioner when 

.ickness occurs.
 

Western medical specialists, health centers, and hospitals through the 
efforts of the central government are present throughout .the island. Health 
services and drugs are: provided to the people free of charge,with visita
tion strongly encouraged. ..
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Interestingly, Ayurvedic practitionersand charmers are fully aware of
 
the Westernedicalsys~~1tem andwill refer the patient to..that system when,,
 

the case isout of their speciality. Much of the population rely on all
 

three systems inthe-case ofillness, just to make sure.
 

mosquito biteiwith'
Malaria isgenerally accepted as being caused by a 


trip made to a health center, hospital or dispensary,to obtain the proper.
a 


pills when the well known symptoms of malaria occur.
 

2.6.8 Education and Literacy Rate
 

Free compulsory schooling for children aged 5-14, free university edu

cation and compulsory religious education have been well established for
 

Over 85% of the 5-14 year olds attended school in 1971
 many years inSL. 


with a large percentage going on to higher education ineither the arts and
 

sciences, teacher training or vocation-technical training.
 

For the last 200 years there have been 2 main forms of primary and
 

secondary schools - private and public. The private missionary schools
 
.
 

that were established primarily to teach Christianity were self-supporting ,
 

The traditional vilinstitutions under the responsibility of the clergy. 


lage schools, open to all village children, provided instruction in the
 

Eventually, a conflict
local language, reading, writing, arts, and crafts. 


small educated elite that secured.
 arose between the two systems due to a 


large group of partially educated underemployed.
the best employment and a 


Since the institution of free public schooling in 1946 and 1947, a,pro

gram of 7 years of elementary and 5 years of*.secondary education has evolved.
 

'Secondary education isstructured into,two phases - the first 3 years are'
 

devoted to general education and provi.desa logical termination of formal
 

education for those students who do not wish to continue on to college 
or
 

The last two years are utilized for college entrance
vocationa] school. 


subjects..
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SIhas a very high literacyrate of about80%; much higher than other
 

This has been due to,a widespread demand for
countries of South Asia. 

In1974,there were
education and the easy access to free public schools. 


9,625 elementary and secondary schools employing 100,910 teachers with
 

25,A.1 pupil/teacher ratio, excellent,even
2,534,071 pupils. This created a 


by Western standards'with a government education expenditure of Rs. 549.437
 

million.
 

At the university level, the University of'Sri Lanka has 6 campuses
 

In1974, these consisted
spread throughout the island and a Law College. 

studentof 132 departments, 1536 instructors and 12,667 students for a 


instructor ratio-of 8.3:1.
 

In1973, there were 28 Teacher Colleges with a total enrollment of
 

9$,283 students, an increase of 13% over the preceding year. Inaddition,
 

there were 12 technical and vocational institutions with an enrollment of
 

7375 students. 

The developmental needs of the country are of increasing influence
 

to the direction and curricula at all levels of education. There is still
 

severe shortage of scientists and middle-level technicians needed for the
a 

Research is confounded by the unavailability and
country's development. 


inadaquacy of modern laboratories, equipment and facilities. Foreign tra

vel for any purpose is impossible without foreign funded travel and tuition
 

scholarships, due to the government's program of combating the balance of

trade deficit.
 

2.6.9 Government and Legislation
 

SL became a free independent and.sovereign Republ.i.c within the British 
_

Commonwealth in 1972, with a parlimentary.form of government. The National 

State ,Assemblyof SL..s., a unicameral, elected- body of 157representatives of 

the ,people'and under the new consti tution eexercises the l-'Ieg-islative, execu

tive and. udicial power of the,.people.,
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The general direction and control of the government isvested in a.
 

Cabinet of Ministers 'Who are :responsible collectively to the National,
 

State Assembly. .The election of members to the Assembly is free and by
 

secret ballot. Every citizen of age 18 or older isqualified to be an
 

elector atelections to the Assembly. The island,has a'record of peaceful
 

and orderly elections for a considerable period with very keen interest as
 

evidenced by an 80% or greater voter turnout.
 

The Prime Minister nominates the President, heads of the Cabinet and
 

has executive authority over theGovernment. He or she is appointed by the
 

President, from the membership inthe National State Assembly as the most:
 

likely to command confidence of the National State Assembly.
 

Legislation under the Mosquito-Borne Diseases (Preventive) Regulations
 

published under the Quarantine and Prevention of Diseases Ordinance (Chap

ter 173) provides for entry into premises for spraying, the taking of blood
 

smears and treating persons suffering from or believed to be suffering from
 

malaria and for notifying the proper authorities of the MOH of malaria
 

cases within 24 hours by the medical practitioner.
 

Incases of persistent refusals to spraying, notice of prosecution is
 

served on the chief occupant that his house must be sprayed before the next
 

visit of the spray team. This notice usually has the desired effect, and.;
 

the occupant subsequently allows his house to be sprayed when the spray team

visits it.
 

3.0 MALARIA;CONTROL INSRI LANKA.
 

3.1 Historical Review and.Epidemiology
 

Malaria has always been prevalent inS, Anopheles culicifacies is
L. 
considered to be the only establishedamalaria vector inSL. There have 

hoo anrint rnr~ri in n- nf intermitient fever aCCOMDanied by chills:...,.. 
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and rigors, which have ravaged'the country. "The ancient.seats-of civiliza
:tions like Anuradhapura and Polonnaruwa have been destroyed more by the 
scourge of malaria than by the periodic Tamil invasions from South India.
 
Some'believe that the Tamil, i'nvasions may have so disorgani zed ,the elaborate 
system of irrigation and agriculture created by the Sinhalese that extensve
 

Anopheline breeding occurred. 
In1638, a Dutch map of th island showed
 
greatiareas, particularly the North-Central Province, depopulated by 'fever
 
sickness'.
 

Modern knowledge of malaria inSL isbased on a 1927 monumental re
port by H. F. Carter. SL issubjected to periodic epidemics of malaria at
 
3-5year intervals. Epidemics have occurred in 1906, 1911, 1914, 1919,
 
1923, 1928-29, 1934-35, 1939, 1940, 1943, 1945-46, 1968-72 (primarily vivax),
 
1972-? (vivax and falciparum). Malaria inSL is "river malaria", that is 
itoccurs mainly along the environs of the major rivers and their tributar
ies, and it is "drought malaria", that isthat epidemics occur when there 
is little rainfall and the volume of water in the rivers isso reduced that 
the'rivers are broken up into.a series of relict pools. The failure of the 
South West monsoon causes epidemics in the South Western and Central foot
hills. The North East monsoonal rains (October-March) increases transmis
sion in the Dry Zone-hyperendemic area. Malaria still affects most of the 
people inSL. At present three-fifths of the country ismalarious with 
six epidemic zones in the country, based onthe intensity of malaria
trarnsmi ssion: 

1. Jaffna Peninsula (hypo-endemic)
 
2.' Northern Dry Belt (hyper-endemic)
 
3. EasternFoothills (hyper-endemic)
 
4. EasternCoastal Belt 
 (hyper-endemic)
 

5.: Intermediate (meso-endemic)
 

6. -Wet .Zone (hypo-endemic)
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The-three',climatic zones, based ,on the rainfall receivedfrom the
 

South Western monsoon, can also be,.categorized into epidemic areas. The
 

Dry"Zone which receives:less. than'20 .inches.of rain is-hyper-endemic. The
 

Intermediate Zone which receives 20-40 inches of rain ismeso-endemic.
 
The border of the Wet Zone which receives over 40 inches of rain ishypo
endemic, with the major portion of the Wet Zone being non-malarious. Ma

laria occurs inthe wet,zone only when the climatic conditions,approximate
 
the dry zone.
 

Malaria control inSL can be categorized as follows:
 

The pre-DDT era before 1946.
 

The DDT era which commenced in1946.
 

The Malaria Eradication program from 1958 to 1964 (withdrawal
 
of spraying inApril 1964). Malaria was successfully controlled
 
inSL using residual insecticides and anti-malarials. In1962-63
 
the malariometric indices were at the lowest level, but 1964 -saw
 
the first setback. By 1968 the epidemic was infull swing.
 

The emergency program commencing at .the end of'1968,:consisting
 
of residual DDT spraying on a 4 monthly cycle; and radicail .treat

ment of all clinical and suspected cases of malaria.
 

DDT resistance noted in1969.
 

The 1972 epidemic as,a result:of DDT resistance, climatic factors
 

,and, specifically drought.,conditions. 

The 1975 'revised program of limited spraying (due to limited
 
financial1 resources")..of!malathion at 2g/m2 on a 3 monthly,cycle
 

The clinical cases of malaria 'i
nSL have reacheld'a.-stage where.they
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adversely affect the economic development of the country. 
In 1972 there
 
were 363,645 repqrted cases of clinical:malaria, in 1973there were"

,412,149 clinical malaria cases and in1974 there were 708,601 clinical
 
cases of malaria.
 

3.2 :Vector Biology and:Ecology
 

Anopheles culicifacies.Giles, is the:only proven malaria vector in 
Itbreeds iL.clean, stagnant or slow moving water, in sand or rock 

poolrs, beds of streams, irrigation' channels, rain-water collections, rice 
fieldsjtanks and hoof prints. The female prefers sunlit or lightly

shaded water for oviposition. The larvae develop in 11-15 days at 320-370c.
 
The pupal stage lasts approximately 24 hours. The adult flight range is
 
approximately 0.8 km. Carter found thecatchng rate was much less in
 
houses removed from the larval breeding sites than those near them. 
A
 
97%'reduction was noted in houses 600-900 m removed. 
 Most movement of
 
adults occur at dusk and dawn. 
 Longevity of the adult is related to temp
erature and humidity. 
The range for maximum longevity (7-21 days) is 25
30oC'and 60-80% RH.
 

It is essentially a 
dry-zone species, widely prevalent in jungle
:overed plains and in villages. It is rarely found above 2,500 ft. 
 62 m)

elevation. 
 It'invades the intermediate zone from the dry zone only during

times 
fdrought, when breeding conditions are most favorable, and is
 
rare in the wet zone, which accounts for the relative freedom of thisarea
 
from malaria. -This species breeds well in jungles where it feeds upon

wild animals (zoophilic). In the dry zone, it feeds upon domestic animals
 
as well as humans. 
The vector enters houses in the eVening, and is es
wpecially active from dusk to 9 P.M. 
The mosquito commonly rests in dwell
ings, particularly on wals' and ceilings after taking a blood meal. 

Though this species feeds on manit is still pa-tially zoophilic.
Ifmechanization of agriculture Increases,.with a resutant decrease in 
the domeStic ani mal population, the vector may shift its attention more to 
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man and becometlnceastngly anthropophilic. This change infeeding pattern
 

might incre6aseits.vectorial capacity.
 

There are 20,species of Anopheles reported from Sri Lanka. Aside'-from
 
;


A. culicifacies, the only proven vector, there are 8 species that'are con

side'red-vectors outside of SL - A.maculatus, aconitus, annularis, barbi

rostris,.hyrCanus var. nigerrimus, leucosphyrus, tessellatus, and varuna.
 

As far as can be determined they have not been incriminated as vectors"in SL.
 

3.3 Proposed Malaria Control Program
 

3.3.1 Plan of Operation
 

The Government of the Republic of Sri Lanka (GSL) and the World Health:_
 

Organization (WHO) have entered into mutual agreement concerr ing the 'imple

malaria control program inSL covering the period o:f19/7;31.
mentation of a 


The following isan abstract of this program which will alsohave
 

as commodity and/or technical inputs from United'States
financial as well 


AID, the United Kingdom, Japan, Netherlands and France.
 

Malaria has been endemic to SL for many years and as such has been
 

the major health problem of the country. The first formal program to combat
 

This program was successful
the'disease wasinitiated in 1946 using DDT. 


inre6ducing malaria morbidity from 44,300 per 100,000 population average
 

1937-45 to5 per.100,000 in1960 and mortality from 1835 per million to 0.2
 

per million population. In 1958, the (GSL) created the Malaria Eradication
 

Program.As'a-result of their efforts on this'program, the incidenceof
 

malaria as late as 1967 was 0.3 cases' per 1,000 Annual Parasite Incidence
 

(API). 'However,the relief was short-lived.and-two years later the rate
 

jumped to 43.4 API, primarily due to inadequate financial and:administra

'tive support once malaria ceased to'be an emergency health problem., 
GSL.:
 

embarked on another programand by 1972 had reduced the incidence to 102
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API. HOWever, by this time,the vector was developing .'resistance 'to DDT,,
 

'the traditional insecticide used in controlling malaria, and. the incidence,
 

due to!favorable enVironmental. conditions (mainly droughts), again ,in-.
 

creased.
 

'Tpe country isdivided into 104 Health (Administrative) Areas. The?
 

degree of malaria incidence by health areas in 1975 isgiven as follows:
 

API below 0'.1% 6 Health Areas
 
10
010.-09 


1-9 40 "
 

10-49 28 "
 

50-99 5 "
 

100-199 13 "
 

200+over 2 "
 

Some of the non-malarious areas have shown a relatively high incidence
 

due.to the great.majority of :cases being imported from the highly malarious
 
areas. The mortality ascribed tomalaria has been very low due to the many
 
convenient and.closely located health centers. 
The recorded deaths due to
 

malaria from 1967 are given in the following table:
 

1967 1 1970 12 1973 2 

1968 64 1971 7 1974 2 
1969 49 11972 4 1975 5 

The positive case+detection rates as depicted on the following table
 

presents the recent historical: growth and-seriousness,rof the present meal aria
 
situation inSL. These statistics represent only detected and recorded
 
cases with every reason.to believe that this isonly".40,-50% 'of ,the actual
 

total
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-
Malaria..Case Rates in'Sri :Lanka for the Period 1967-1975
 

Year Total No. of P.v. P~f. Mixed, API
 

Recorded.Malaria,
 
Cases-',
 

1967. 3,466 3,026 191 1 .3
 

1968 440,644 439,618 .951 67 40.5'
 

1969 537,705 534,214 2,995 492- 48.8
 

1970 488,202 466,587 1,358 252 40.6
 

1971 145,368 141,458 3,711 199 12.1
 

1972 132,604 129,109 3,495 228. 11.0Li
 

1973 227,713 218,139 9,486 196 17.3
 

1974 315,448 289,241 26,207 1,027 23.2
 

1975 400,777 336,918 63,859 1,782 29.0
 

P.v. - Plasmodium vivax; P.f. - Plasmodium faciparum 

API 	- Annual Parasite Incidence - 1973/1975 taken from March 1976 Situation 

Analysis 

3.3.2 Objectives of the Work Plan
 

The GSL, with assistance from WHO and bilateral agencies, has the.fol

lowing objectives inconnection with this plan of intensivemalaria control
 

program:
 

1) the drastic reduction-of the incidence of malaria,
 

2) the elimination of indigenous P. falciparum infections; and.
 

3) the ultimate eradication of malaria from the country.
 

3.3.3 Methods of Action
 

Using 	the insecticide malathion, a full scal attackwi be implemented.
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in the malarious areas against A. culicifacies to bring about~the lowest
 

possible level of transmission.
 

The surveillance operations that follow will mimizethe reservoirtof
 

infective cases and the vigilance machinery developed will keep a strict
 

watch of the status achieved. Definite steps will be taken at this stage
 

to integrate the vigilance machinery set up with the general health service:
 

inorder to achieve the final objective of eradication.
 

Geographical reconnaissance will be conducted, consisting of taking a
 

census of all houses and other structures, population, numbering of houses,
 

preparation of individual house cards affixed inside houses, preparation of
 

general maps, village maps, and itineraries for spraying, surveillance and
 

supervision. Completed geographical reconnaissance will be up-dated con

tinuously throughout the program.
 

Residual house spraying will be conducted against the vector utilizing
 

50% malathion wettable powder at a dosage of 2gm/m2 . This will be formulated
 

in the field as a 5% suspension inwater by mixing 770 gms (2lbs.) in7.75
 

liters (2gal.) of water. The spray will be applied at the rate of 4 liters/
 

lOOm 2. All human and animal dwellings and outhouses, all temporary structures
 

found indevelopment projects, land settlements, "Chena" cultivation, forest
 

camps, geming sites and other temporary dwellings in the maiarious zones will
 

be treated. The surfaces to be spryaed include surfaces of walls, roof, all
 

eaves, roofed verandahs, latrines, under surfaces of furniture and behind
 

tpicture frames, and all surfaces,,of temporary fixtures inthe householdo .


houses.
 

The residual spraying will be carried out-regularly'for four years.
 

Inthe,first two years, the areas which are-highly malarious containing pop

ulztion of 4 million with 923,000 houseswill be sprayed once every 3 months,
 

4rounds 'per.'year (Perennial Spraying).. Inthe subsequent two years, the,
 

snrav area.and the- number of cycles will be reduced (Seasonal Spraying).
 



With the withdrawal-of regular spraying, focal and mopping-up spraying
 
will be carried outto eliminatei the persistent foci. Focal spraying will
 
also be carried out inareaslof unstable malaria, whenever necessary, where
 
reqular spraying isnot carried out, as-a-preventative measure.
 

3.3.4 Larval Control
 

Larval control isnot contemplated and will be carried out only as a
 
supplementary measure, by the use of suitable larvicides in urban areas
 
with limited breeding places and population concentrations of a high mal
ariogenic potential. Downstream weekly intermittant flushing of the po
tential breeding places will be used wherever found useful and feasible.
 

3.3.5 Drug Administration
 

A five day course of medical treatment with amodiaquine/chloroquine
 
and primaquine according to recommended dosage, will be given to all
 
clinical and suspected cases of malaria during the intensive spraying
 
period. Presumptive treatment with recommended dosages of amodiaquine (or
 
chloroquine) and pyrimethamine will be given for all fever cases.
 

Mass drug administration with recommended dosages of camaquine and
 
pyrimethamine will be carried out as an emergency measure to eliminate re
sidual and new active foci at the late stage, and during the early stage
 
inareas requiring supplementary measures.
 

Weekly prophylactic drug protection with the accepted dosage of amo
diaqu'ine or chloroquine ismade available to temporary visitors from non
malarious areas into high malaria risk areas and also to those engaged in
 
development'projects inmalarious areas.
 

3.3.6 Case Detection
 

During the'firsttwo years of the program passive case detection will
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be the main activity inboth the spray and non-spray areas and will be
 
carried out by.all medical Institutions in the country. When the case load
 

becomes low, active case detection will be gradually established and will
 

be carried out by Field Assistants (ACD Agents) who will visit all houses
 

inthe area under their charge, incycles of ore month.
 

3.3.7 Epidemliological Investigations
 

Epidemiological investigations willbe brought into operation when
 

the case load decreases to manageable levels. They will consist of case
 

investigations, mass blood survey and entomological investigations and de

pending on the epidemiological situation will be'followed by remedial
 

measures including focal spraying and mass drug administration.
 

3.3.8 Assessment
 

assess
Parasitological and entomological data willlbe mainiy usea to 

,


the impact of the attack measure. Inaddition, periodic'checks of the
 

fever and malaria attendance inall medical institutions and the constant
 

monitoring of the deaths due to malaria and the effect of malaria morbid

ity and mortality on the vital statistical parameters will be used 'to
 

assess the impact of the program.
 

All parasitological and entomological assessments will be carried out
 

in indicator areas, selected on the basis of the incidence of malaria, popu

,lation-movement and the availability and location of medical institutions.
 

These indicator areas will be representative of the epidemiological zones.
 

The interpretation of results will be in conjunction with the data obtained
 

from all health areas.
 

3.3.9 Entomological Assessment
 

the susceptibility
Entomological assessment will include observations of 


-status of the vector to malathion, its indoorand outdoor biting rates$
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parous,rates, resting densities within houses during daytime, the 24 hour
 

survival -ate of vector mosquitoes from outlet traps in sprayed houses and
 

the activity and persistence of insecticide residues on various'surfacestof
 

treated premises.
 

The methodology for obtaining the necessary data for this assessment
 

will--include susceptibility tests, 'all night indoor and outdoor human bait
 

collections, dissections and examination of ovaries and salivary glands,
 

space spray collections, outlet window trap collections and bio-assay tests.
 

Entomological assessments will be carried out.at fixed observation stations
 

in.the indicator areas -fortnightly and in other health areasat monthly in

tervals.
 

3.3. 10 Field Research
 

SField research within the malaria program.will be carried out to meet
 

the needs for changes and problems which may arise- -:Such research will in

clude:
 

(a) regular monitoring of the susceptibility status of the vector
 

to malathion and periodic checks*to determine any changes in its resistant
 

status to DDT. The response of the vector to fenitrothion and propoxur
 

will also bechecked at intervals.
 

(b) continuation of periodic field trials to monitor the suscepti

bility of parasites to anti-malaria drugs, particularly that of P. falciparum
 

to 4-aminoquino'line.,,,
 

(c) trials to determine the efficiency of different regimes and
 

dosages of drug treatment. ,
 

.(d) biological control measures including the use of larvivorous
 

fish.
 



-(e) cytogeneti c 'and other, studi es. on the :,vector in relation .to its',

biondmics. 

(f) Ultra Low Volume (ULV) spraying of malathion to study the
 

feasibility of its use inthe program.
 

3.3.11 Laboratory Services
 

WHO recommended methods will be followed.in the examination. of.blood
 

slides for malaria parasites and will be carried out.at the seven Regional'
 

laboratories and the Central laboratory. The surveillance agencies will be
 

informed of the results promptly. Initially, the Regional Medical Offices
 

will be notified of the P.falciparum cases for investigation-and remedial
 

measures and later all cases when the case load islowered.
 

The cross checking laboratory will examine a random selection of ten
 

percent of all negative slides and ten percent of P.vivax positive slides
 

and all P.falciparum positive slides from all examined blood slides at.
 

every laboratory each day to cross check the work of each microscopist:
 

daily. However, a routine cross check of all positive blood films and'.ten

percent negative films will be made when the case load comes down.
 

3.3.12 Training
 

Regular training and refresher courses for various categories of per-> 

sonnel engaged inthe program will be,organized by.the National Malaria 
Eradication Training Center of the Anti-Malaria Campaign(AMC) and will be 

carried out at Central and Regional levels. 

The AMC will also conduct orientation courses in malaria for other 

Health Department personnel, government servants andicommunity volunteers... 

Lec'turesj, seminars, etc. also will be conducted for'professiodal:oraniaiza

tions. The AMC staff will be encouraged for specialization in Public Heal th. 
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http:followed.in


nd Malarlology together with study tours on various aspectsofmalaria 

:ontrol.: throughWHO and bilateral 'assistance. 

3.3.13 Health'Education
 

Health education of the community will be carried out byal].program
 

)ersonnel'during field activities. A more organized program will also be
 

-arried out by the health 	educators at Central and Divisional levels-in 

:ollaboration with the Health Education Section of the Ministry of Health
 

6MOH) and the AMC. The utilization of the mass media for securing commu

iityparticipation and maintaining public awareness of the importance of
 

bhe-malaria program will continue.
 

3.3.14 	Plan of Action
 
Program Phasing
 

The program isscheduled from 1977-1981. The main activities will be
 

-esidual house-spraying and surveillance and ingeneral will be based upon
 

the operations of the attack phase of the eradication program.
 

Operationally, the country will be divided into two areas. The greater
 

part of the dry zone and the intermediate zone including a population of 3.8
 

million and the rest of the country having a population of 10.2 million
 

(1977).
 

Perennial home spraying will be carried out inthe high malarious
 

areas for two years, 4 eounds annually at 3 monthly intervals. Inthe
 

'next two years-some areas will be brought under seasonal spraying while
 

other areas remain under perennial spraying, the spacing and withdrawal
 

of spray operations being 	progressive and determined by the transmission
 

potential. With the reduction inspraying, surveillance will be
 
strengthened. A total, of 	53 health areas will come under insecticidal
 

coverage, of ,which -25will be sprayed-completely and the remaining* 28 
partially. 
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Inareas of unstable malaria and the non-malarious aroas, where
 
there will be no rngular spray coverage, the malaria situation'will be
 

constantlymmonitored for :focal spraying whenever necessary.
 

Withdrawal of spray operations inmost parts of the country isex
pected by the end of the fourth year. During the fifth year localized.

spray activities will continue inareas of persistent transmission whili
 

tintensified surveillance will continue on the rest of the areas.''-


The assessment of the achievements of the program will be made by an
 
independent team at this stage. However, an annual assessment wilii be
 
carried out by a team composed of-nationals, WHO, and bilateral agencies.
 
While after the first two years the Government and WHO with the assistance
 
of the bilateral agencies will arrange for a special evaluation team to
 

assess the work accomplished and make recomendations covering future.
 

operations.
 

Criteria for Reduction of Cycles and Withdrawal of'Spraying
 

The changing of spray operations from perennial, to seasonal will be
 
determined at the end of the second year of the program by,a comprehen

sive analysis-of the epidemiological and operational aspects.
 

Withdrawal ,of spraying will be based on the following criteria:'
 

(a) The minimum blood examination rate durng the last year of
 
spraying being 10%,.and the maximum annual parasite incidence not exceed-


Ing 0.5 'per+thousand population per health area.
 

(b) A full scale surveillance machinery being inoperation for
 

atlleast one year in the original high malarious area.,,,.
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(c)nTaking into account beside (a)and (b)abovethemalaria
 

receptivity and vulnerability of the area.
 

The normal operational unit for phasing and assessment of operations
 

will be a Health'Area. 'However, inHealth Areas:underpartial coverage,
 

the above criteria will :beapplied on the defined population under spraying.
 

At the beginning of each operational year a detailed plan of actionfor
 

the year will be prepared. .
 

3.3.15 Details of Activities tobe 'Carried Out
 

Geographical Reconnaiss'ance
 

The up-dating of the geographical reconnaissance.in.areas under in

secticidal coveragewill be continued by the squad chief throughout the
 

program while the ACD Agents also will note any.changes. With the reduc

tion inthe case load, this will be-done by the surveillance agents. Ad

ditionally,-the spray teams.and the surveillance agents will record the
 

entry of..immigrants or temporary residents.
 

Sprayihg Operations
 

A total of 53 Health Areas including a population of 3.8 million
-


(1977)willIbe undertaken for: residual house spraying. 


Perennial spraying will be.made to cover the three monthly periods
 

March toMay, June to August, September to.November,-and December to Feb.
 

ruary; while the seasonal spraying will be:during March-May.and.October

December..,Permanent employees of the program will carry out perennial
 

spraying while seasonal spraying will be staffed by permanent,andseasonal
 

laborers engaged locally.
 

Three spraymenand a porter supervised by a squad chief will form a
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sprayi ng Unit. A mobile.unit,, provided with ar vehicle and a driver wi11 

consist of, six spraymen under the supervision of .two squad-chiefs,'one 
of.whomwill be in charge of-the:unit. Amobile unit may also consist of 

six spraymen, one squad.chief and a driver-overseer, whowill be in 

charge of the vehicle'as well as the unit The mobile units will operate 
inremote areas. 'On an'average,.eight to tenvhouses will be sprayed by
 

each sprayman per day.
 

Each spraying supervisor will supervise four to five spraying units
 

being directed in.all his activities by thePublic Health Inspectors
 

attached to the Sub Regional Offices, and by-theOfficersrof-the Regional
 

Offices and Headquarters. The spraying activities wil.1 also:be-supervised
 

by the Public Health Inspector's Vigilance Units.
 

3M3.16 Safety
 

A practical and complete safety program already instituted by the
 

Anti,-Malaria Campaign over the past two years has proven to be effective.
 

All spraymen have been issued protective clothing, hand gloves, masks,
 

and hats. Regular~supplies of adequateamounts of soap ismade available
 

and frequent washing isencouraged.:Strict Instructions have been given
 

not to ,smoke, eat, or drink during worktime without a thorough wash. The.
 
baselinedata on cholinesterase level on representative samples has already
 

been established. However, it is the expressed view of the Anti-Malaria
 

Campaign to re-examine all operational personnel involved with-malathion'
 

handling.
 

3.3.17 Assessment
 

The impact ofmalathion will be .. . throughout the program byevaluated 

intensive parasitological and,,entomological assessment infive indicator
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health areas. In thehealth areas under spray coverage, parasitological
 

data will form the main tool of assessment supplemented by entomological.:
 

observations.
 

Mnthlyobservations of parasiteincidence from passive and active
 

case detection, species,:prevalence, age groups and blood examination rates.
 

will form the parasitological assessment.
 

'Entomological assessment will be carriedout by ;the entomological
 

teams under the direction of,the Entomologists. An entomological team
 

will:consist of one Entomological Assistant, one Field Assistant, four-


Insect Collectors and-will be' provided with a vehicle.and adriver. -Two
 

entomological teams will !be stationed at each of-the fiVe indicator
 

health areas as."their base and -be responsible to observe;eight to ten
 

health areas including the indicator-health area.
 

One entomological team operating fromthe-Headquarters in Colombo 

will monitor the unstable malarious areasin the Western Zone while the 

Unstable malarious'areas inland ,wi11be monitored by a second team at

tached to the Kandy Regional Office. Both these teams will assist the 

work inother areas whenever necessary. 

3.3.18, Epidemiological Investigations
 

The Public Health Inspector Vigi lance Unit,together with the Officers
 
of-Sub-Regional andRegional Medical Officers: will be responsible for-thiS
 

activity which.will be carried out when,the case load decreases to manage

able levels. Thisncludesinterviews with patients, .mass blood surveys
 

and entomological investigations., The-assistance of the entomological
 

teams also Will be obtained for case investigations as and when necessary.
 

3.3.19 Remedial Measures
 

measures toeliminate foci of infection.wirll include radicalr
Remedial 
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treatment of cases and presumptive treatment to immediate neighbors, month

ly follow up of blood.filming ' for a minimum of one year, focal spraying
 

when necessary, mass drug administration depending on the receptivity and
 

vulnerability of the area and, the .inten.tyoftransmission of'the focus.
 

3.3.20 Laboratory Services
 

A total of 217 microscopists at the seven Regional Laboratories and
 

the Central Laboratory inColombo will examine about 1.5 to 2 million
 

blood: films annually. A Medical Laboratory Technician or,aSupervising
 

Microscopist will be attached to each regional laboratory. The storage

and issuance of chemicals and equipment to the laboratories and cleaning
 

and-supply of glass slides to the surveillance agents will be carried out
 

by the-Central Laboratory. The mass viewing of'slides will be carried'out
 

at the cross checking 1aboratory-as described under Section 3.3.11.
 

3.3.21 Participation and Integration with the General Health Service.
 

This will be.developed intwo stages during spray, operations and after
 

operations have been withdrawn. The implementation during the spraying
 

period will beunder"the strict administrative and technical control of
 
the.Superintendent, AMC. However, even during the intensive spraying perio,
 

a very important,role will be played by the General Health Services inthe
 
control of-malaria by way of blood filming and treatment of clinical'-,'and
 

suspected cases. The Regional, Medical Officers will furnish.the Medical
 
Officers of Health with relevant data and will brief the.Superintendents of
 

Health Services regularly of the progress of the program., The Superinten-•
 

dent, AMC .is He will brief the Deputy
:responsible for the entire program. 


Director (Public Health Services) and the Director of Health Services on_
 

the status ofmalaria and the progress of the program at the Mafarib Com

mittee Meetings and also furnish information for the Inter-Ministerial.
 

Committee. The Health Education Unit of theMinistry of, Health will also
 

participate incarrying out health education 'inconsultation"with the
 

superintendent, AMC..
 



After the withdraWal ,of sprayl operati ons during the fifthyear the 
spraymen will be absorbed into the General Health .Services toperform 
various duties according to their capabilities while a small number will 
be retained for focal spraying. The Field Assistants who were incharge 
of spraying teams' will be depioyed as surveillance agents. 

Case detection and treatment activities, focal spraying and other
 
remedial measures during the first few years after withdrawal of spraying
 

will be carried out within the same administrative set up and under the
 
strict control of.the Superintendent of the Campaign. However, more res
ponsibility on epidemiology, case detection, health education, etc. will
 
behanded over to.the Medical Officer of Health -and the Superintendentiof
 

Health'Services.'
 

As successive health areas become free of malaria the surveillance
 
agents .will be absorbed into.the proposed cadre of polyvalent health work

ers after suitable training. They, .along with the'other Public Health
 
Inspectors will carry out.vigilance activities under the direction of the
 

Medical Officer of Health. The work of the Medical Officer of Health,
 
will be supervised by-the Superintendent ofHealth Services with the tech

nical guidance of.the Superintendent, AMC.
 

3.3.22 Administration and'Assignment of Responsibility
 

.With the technical advice and assistance of WHO and other'bilateral
 
agencies as provided in the Plan of Operation, the project will. be con-.
 

ducted under the responsibility'of the GSL.
 

Subject to such detailed-arrangements'as may be agreed between the 
parties for the accounting for and control of funds, supplies, and equip
ment provided by international and other agencies, the GSL shall assume..
 
,the full, administration, technical and: operational direction ofthe'projec
 

47
 



AN'T-MAT.A.RIA CAvsi'AIZN 
ORtAY 17ATTO: LIHART 

MINISTRY OF HALTi 

Permanent Secretary
 
Director of Health Services
 

DLputy Director..- Deputy Directozr..dDeputy Director 'eputy D.rector 

Amiistration-
Medical SrvicesPuhlic Health Se'IrVices Labortor Services: 


Health Divisions Anti- .lri., Qn0aIRn I
 o 


Superintendent A.M.C. ,
Superintendents Hlealth Services dtA I I• -:I- I 
'"DeputySuperintendent A.M.C. ,.
 

S n I- iTra'" , ort &
Tr-" i" & 


Health Education Epidemiology Transport. Laboratory EstablisL16nt Finance Stores Suildtins
,rto-0oir0Y 


Medical Medicalk Administrative Accountant, Office --Extra Office
 
Ent-mol°gts -Medical Officer - Medical 

Officers Officer Officer Assistant Assistant Assistant
_(2) 

EntQmology (2)
 

Health Area . Health Division. .
 

of HealthOfficers oeaical Regional Medica Officers A.,MC. ' 

. dnistration Transport, Regional Laboratories n ogy
Spray Operations :Survetllance:& Evaluation 




Intheoperation of the project, the,senior malariologist provided by
 

WHO shall act as the chief technical advisor to the GSL. Under the direc

tion of the senior malariologist, other advisors provided by WHO shall act
 

as advisors on the project intheir respective specialities. Ifagreed
 

upon bythe GSL and the bilateral agencies, any other advisor will work in
 

collaboration with the WHO and National personnel.
 

Incarrying out all the functions, activities, rights.and duties of 

WHO as provided for inthis Plan of Operation, the WHO shall be represented 
by its Regional Office for South East Asia. Any personnel appointed to the 
project by the WHO shall be responsible to the WHO and act under its-super

vision and direction, through the Regional Office. The:WHO, through its
 
Regional Office shali deal with the Ministry of Health, GSL inall matters
 

concerning technical assistance to be provided under this Plan Operation.
 

3.4 Cost/Benefit
 

The cost SL has to bear due to the endemic Incidence of malaria inthe
 

:ountry-both with and without a malaria control project isdifficult to
 

issess. As with any medical entomological problem, the loss of life and
 

iuman suffering due to the disease, although probably the most significant
 
.actor, cannot be addresseddue to theimpossibility of assigning a mone

:ary value. Authorities on the economics of-disease and health agree that
 

tivalue estimation of the benefits of health care programs and control of a
 

lisease can only be approximated and always are less than reality.
 

SL iscommitted to the control of malaria. This isa major economic
 

ommitment both for'the GSL and the,€ooperatingcountries that are pro

riding grants and loans'. From 1975-1976, theGSL hasdoubled theAMC,
 

)udget within the total health program.
 

An economic analysis-hasbeen made .to appraise the malaria,Control
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project interms ofwhehethe the program is'worthwhile from an economic
 

standpoint. AID loans totaling U.S. $12.0 million over the next five years
 
are proposed. On the basis of the economic-analysis conducted by Mr. Ruiz
 

de Gamboa in1977 .the project issuitable-for AID loans to'the GSL total

ingU.S. $12.0 million.
 

Malaria has always beena major health problem inSL and the disease
 
,ishighly endemic inthe dry zone which constitutes about three fifths of
 

the country and contains over 65 percent of its population. An increase
 

from the previous year of over 200 percent of malaria cases detected and,
 

treated in1975 seems to indicate that without the constraints imposed by
 

the project, the annual parasite incidence (API) will reach an average of
 
425.perthousand (comparable to that which existed from 1931 
to 1947).
 

The project will prevent 28.9 million malaria cases and enable-the economy
 

to save U.S. $40.0 million equivalent from 1977 to 1981.
 

Project economic costs are estimated at U.S. $20.0 million equivalent, 

excluding'duties on import items (which are transfer payments), and esti

mated ata shadow exchange rate of U.S. $1.00 = Rs 20. 

The project will produce substantial direct and indirect benefits.
 

This analysis has quantified only 'those-expenditures and losses avoided
 

that can he valued inmoney terms. The avoided expenditures and losses
 

during the fiveyear project are as follows: U.S. $27.5 million equivalent
 

,inmedical treatment; U.S. $4,3 million equivalent inmalaria drugs; U.S.
 

$7.7 million equivalent inloss of earnings; and U.S.' $0,.6 million equiva

lent inthe value of food imports (rice) required to satisfy excess caloric
 

intake. Current estimates indicate that the economic rate ofireturn on al

ternative' investments lies somewhere between 8 percent and' 22 percent; in
 

this analysis itisestimated at 15 percent.
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The project was subjected to three of themost commonly used primary 
tests of value. The benefit-cost ratio is1.8.indicating that the p-rO 

ject is acceptable in terms of generating benefits in.the excess of cost 
(I.e., for every $1spent on malaria control the project will yield $1.80 

in benefits). The net present worth isU.S. $11.2 million when discounted
 

with an opportunity cost of capital of 15 percent (i.e., $L.2 million in
 

benefits will be generated over the'useful life of the project after all
 
economic costs are covered, including the opportunity cost'of capital).
 

Finally, the internal rate of return to the projectis well over 50 percent
 

which compar.s very favorable to the average 15 percent rate of return
 

accruing to alternative investments.
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4.0 PESTICIDE USE,
 

4.1- Data on Proposed Insecticide.
 

4.1.1 Names and 	Structure
 

Common Names: 	 malathion, mercaptothion (S.Africa), Carb6fos (USSR), 
maldison (Australia) 

Trade Names: 	 Cythion, Emmatos, Fyfanon, Karbofos, Kop-Thion, 

Kypfos, Malamar, Malaspray, Malathion, Malatol, 

Zithiol 

Chemical Names':; 	 0,0-Dimethyl -- (1,2-dicarbethoxyethyl) phosphoro 

dithioate or (S-l ,2-Di (ethoxy carbonyl )ethyl 
dimethyl phosphorothiolothionate 

Structural Formula:
 
.S 0 

(CH30) 2P S7 	CH- COC2H5 

CH2COC2H5
 
0
 

Empirical Formula: C10H1906PS2
 

Molecular Weight: 330.4
 

4.1.2 Physical and Chemical Properties 

Physical State: Clear, colorlessyellow,amber or brown liquid 

Specific Gravi ty: 11.2315. at 250C 
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Solubility, In.:
 

water: at 200C-120 ppm; at 25OC-145 ppm; at 30o.C300 Ppm
 

organic 'solvents: Completely soluble inmostalcohols,, esters,
-

and ketones,,,aromatic and chlorinated hydro

carbons; poorlyrsoluble in.aliphatic hydro

carbons
 

l 	 Moderately soluble
lipids, fats: 


Melting point:. 2.850C
 

-Boiling point: 156 	 1570 at 0.7 mm Hg
 

Vapor pressure: 4 x 	o5 mm Hg at 30oC
 

Flammability: Flash point (open cup) greater than 120 0C
 

Stability: Decomposes under alkaline conditions at high tempera

tures and at pH below 5. Relatively stable to light
 

.and under mildly acidic conditions.
 

.Analytical Methods: 	 CIPAC Handbook 1
 

AOAC Handbook of Methods
 

4.1.3 Toxicology
 

Malathion, since its introduction in 1949, has been used worldwide.
 

,like other organophosphate insecticides, it exhibits its toxicity by.de

pr ession of cholinesterase.::However, it is far less toxic to mammals when
 

compared with other cholinesterase inhibitors and is relatively non-persis

tent. It is a safe",general-purpose insecticide suited for the control of
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mosquitoes and .flies and of 'sucking and chewing insects onrfruits; and vege
tab es. Owing to its low mammaliatn toxicity and high insecticidal, activty,
 

malathion is used ona large scale by the WHO for the eradication of Anophe

les mosquitoes. The.acute or l LDs to 'rats is.1375 mg/kg. Rats fed with
 

1000 ppm of technical malathion for 92 weeks showed normal growth.
 

The largest dose of malathion that has been reported'as. nonfatal to
 

humans is 200mg/kg of body weight. The threshold of incipient toxicity
 
to humans appears to be 24 mg of malathion with estimated acceptable daily
 

intake of 0.02 mg/kg body weight.
 

The scient-fi-c data on the residues and fate of malathion show'that
 

it is rapidly degraded in soil and natural waters.
 

There have been a number of studies of the exposure hazard of spray
 
6perations in orchards, field crops and to people living incommunities
 

where malathion was used for mosquito abatement. Itappears that malathion
 

does not represent any hazard to humans inthese operations. Exposure un
der spray conditions would have to be multiplied by 120,000 - 500,000 to
 

approach the LD50 of experimental animals for dermal and respiratory'expo

sure as reported by one investigator. Inanother study, the calculated.
 

exposure inspray operations was less than 0.01% of the toxic dose. .Con

clusions have been made from the work of a number of investigators that
 

the concentration of malathion inworking areas ranges from 0.01 to
 

0.6 mg/m 3 and incommunities 0.1 x 106 mg/m . When' these values are
 

compared to the threshold limit values set bythe Amer. Conf. of"Gov't.,
 

and Industrial Hygienists of 10 mg/m 3, it is'obvious that the exposure
 

hazard isvery low.
 

Itappears that under field conditions, malathionresidues are unlikell
 

.to migrate to any significant extent through ecosystems by environmental
 
transport mechanisms. Malathion after,over 20 years of use for a variety ol
 
pest control condition's, has produced no apparent adverse effects on.the,
 

environment.
 

54
 



Acute Toxicity 

The t umeric value for theLD50 of any substance may beInflu
"~c~ b 1..es amongseces 
enced by more than a dozen variables among which are the species, strain,
 
sex, and age of the experimental animal; the nature of the vehicle, if any,
 
in which the toxicant is dissolved or suspended; the presence of other sub
stances such as emulsifying agents or diluents in tkeformulation, the
 
period of observation over which mortalities are counted; and the-season of
 
the year inwhich the experiment is performed. For this reason, it is un
realistic to express an LD50 value to a high degree of precision and in
 
making comparisons of results from different laboratories, It is essential
 

to know something of the conditions under which the figures were obtained.
 

As the manufacturing experience of malathion has evolved, the degree of
 
purity of the product has increased. Initial production of the technical
 

material was 60-65%, while a1l of the U.S. produced malathion technical now
 
offered for sale has a guaranteed minimum purity of95%. It has been demon
strated that an increase in the grade of purity is associated with a decrease
 

in the.acute oral toxicity.
 

Acute Mammalian Studies
 

Oral - The LD50for the rat was 1000-1845.mg/kg, the mouse 720-3321, 
guinea pigs 570-815, cats 7500, rabbits 900, sheep 150, cattle 200-560 and
 
calves (dairy) 80. It is presently unknownwhy a selective toxicity seems
 
to exist to sheep, cattle, and calves.
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Routes other than oral 
Value 

Species Routes of Entry Measurement Male Female 

Rat intraperitoneal LD5 0 (mg/kg) 7501,00 

Intravenous LD50 (mg/kg) 50 50 

Subcutaneous LD50 (mg/kg) 1l00 --

Dermal LD50 (mg/kg) 4,444 4,444 

Inhalation LC50 8 hr 

(mg/liter) 60 60 

Mice Intraperitoneal LD50 (mg/kg) 420 to 815 

Inhalation LC50 8 hr 

(mg/cu m) 15 

Guinea Pigs Intraperitoneal LD50 (mg/kg) 500 

Dermal, 24-hr 

exposure LD50 (mg/kg) 12,300 

Inhalation, 5 ppm 

4 weeks No Effect. 

Dogs Intraperitoneal LD50 (mg/kg) 1.51 ml/kg*-

Intravenous LD50 (mg/kg) 430 to 600 

Inhalation, 5 ppm 

4 weeks Blood cholinesteraSe" 

activity.,reduced, 

Rabbi ts Dermal LD50 (mg/kg) 2,400 to 6,150 

Eye Slight transient 

irritation 

WHO toxicity classification: slightly hazardous (50%WP). 

*: Of a , 95% 'maathion solution 
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Subacute Mammallan bZUuleS,
 

Several 1ogs~and; cats sprayed'with 2.5 and 5.0% malathion produced no
 

effect on the dogs as judged by maintenance of appetite and weight, 
ab

sence ofiany grosssigns of toxicity, and maintenance of normal plasma and 

red blood cell Chol inesterase activity. 

Similarly, cats were'not affected by the six successive Weekly 
'applica.
 

tions of the 2.5% spray.
 

Cats receiving the 5 percent spray at both the 15 second and 30 
second
 

time of discharge, showed no effect insofar as appetite, body weight, and 

However, there was a gradual depression of gross appearance were concerned. 

red blood cell cholinesterase to between 60 to 70 percent of normal for the 

There
former group, and 50 to 60 percent of normal for the latter group. 


were no overt signs of excessive cholinergic stimulation in any case, and
 

activity of red cell cholinesterase returned-to normal levels 
within a 3

week period following the final exposure.
 

No restraint was imposed on the animals of either species to prevent
 

Itseems very probable, therefore, that
oral intake following spraying. 


ingestion of malathion occasioned by licking of the fur was a factor 
in
 

bringing about cholinesterase depression in the cats at the higher 
levels
 

The dogs had very little, if any, tendency to preen themof application. 


selves.
 

The results indicate a satisfactory margin of.safety for malathion
 

applied dermally as a lowpressure spray in dosages that 
would be ade

, 

quatelyeffective for control ofinsect parasites on dogs and cats.
 

earliest field survey was conducted by an mer'i-Toxicity to Man-;The 


can Cyanamid:Company technician in apple orchards in the vicinity of
 

,Wenatchee," Washington,, during. spray operations in May and June 1952.
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Plasmaand red cellcholirieSterase determinations.weremadeOnl hand and
 

speed sprayer operators while malathion spraying was in progress.
 

A total of 12 men were examined. All but a; single man observed .not
 
The spray.formulation
personal-preventive measures to avoid exposure. 


usedby 11., men was 50-percent emulsion and an average .of 1 pint of this
 

was used in 100 gallons of water. One sprayer used one gallon in 150
 

One man used'11 pounds of 25 percent wettable powder
galIons of water. 


Exposure times were 8 to 9'hours'per day for 2
per-600gallons of water. 


The other4A had exposure
to 9days immediately prior to testing 8 men. 


times varying between 6 hours per day for 13 days and 6 hours per day for
 

2 days.
 

In no instance was any evidence of cholinesterase inhibition observed
 

Malathion has been ingested by human subjects atthe rate of 16.mg/day
 

for 47days without any significant depression of plasma anderythrocyte
 

cholinesterase activity. However, when malathion was ingested for 56 days
 

at 25 mg/day, the blood cholinesterase was decreased 25%. The threshold
 

of incipient toxicity (the maximum amount of the drug being tested:that can
 

be ingested daily for a prolonged period of time without depressingthe
 

pretest level of plasma or erythrocyte cholinesterase activity more than
 

10%) appears to be 25 mg for malathion.
 

Malathion inhibits acetyl cholinesterase, causing the accumulation of.
 

This results in initial stimulation
acetylcholine at various synapses. 

is
and later inhibition of synaptic transmission. The onset of symptoms ..


always less than 24 hrs after exposure.
 

Allowable Daily Intake (FAO/WHO): 0.02 mg/kg.
 

Teratogenicity
 

in 1968 It was reported. that an injection of 900 mg/kg of malathion
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intopregnant rats-11 daysiafterinsemination did not produceany abnor

malitles in, the, fetuses. 

When 62 mg of mLlathion was injected into hen eggs, the hatchability
 

was reduced by 60%.and anomalies occurred in the,embryos. A 1 mg malathion
 

injection into hen eg Ijs did not produce embryonic malformations, but the
 
hatchabifity was redvced by 25%.'Change Isin bone ossification were brought,
 

about by a 0.1 ml irjection of 2% malathion solution (2mg malathion) in
 
chick embryos.
 

When oysters wereexposed to 10ppm malathion, there was a 42% re

duction in egg development, a 3%.survival of larvae, and a,41% difference
 

in length of larval development.
 

:,Field Exposures to Aerosols and Sprays - In 1954, the California 

State Department of Public Health with the assistance of the U.S. Depart

ment of Agriculture conducted a study to evaluate the effectiveness and 

health hazards of the outdoor use of malathion aerosols for the control 

of Culex tarsalis mosquitoes. Spray clouds,were produced by Husman and 
Beskil generators. Subjects of the experiment stood in the spray pattern 

at various distances from the generators. Exposures took place several 

times daily over a period of 2 weeks. Careful estimates were made of the 

amount of malathion.'to Which the subjects and the generator operators were 

exposed by skin contact and by inhalation. Themen were carefully obser

ved throughout the study. Observations included repeated physical examina
tions and determination of blood cholinesterase levels. No toxic effect 

from malathion was found. The conclusions drawn were, "1..malathion... 

can be used safely in aerosol form against adult mosquitoes in Dopulated 

areas". 
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Atabulation from'Rutgers University shows the.following figures from
 

various literary sources:
 

Probableamount of undiluted 

Acute oral.LD50 to rats chemical needed to be eaten to 

Insecticide. (mg/kg of body weight)- cause death of 150 pound person. 

DDT 250 3 to 9 teaspoonfuls
 

Malathion 1,500 12 to 48 teaspoonfuls
 

Itwas assumed that humans would be affected in the same manner as
 

test'animals. However, these values are subject to considerable variatior
 

with the species, age, and sex of the test animal and with the carrier in:
 

which-the toxicant is administered.
 

In Florida in 1956, 8,000,000 acres of land were sprayed from a B-17
 

aircraft to control the Mediterranean fruit fly. The malathion used was
 

a bait spray of about 5,percent concentration. In this completely suc

cessful program, urban and rural areas alike received-a total of about 5
 

mill ion pounds of.technical malathion without any adverse effects upon
 

the human.population.,
 

Three groups of four male human subjects were exposed to each of three
 

different atmospheric concentrations of malathion inaerosol form. Iden

tical 1-hour exposures were repeated twice a day, 7 days-a week, for 6
 

consecutive weeks. Each man, therefore, had 84 exposures-for 42 consecu-,
 

tive days. All exposures were more severe than one would expect to occur
 

Both the results of
in unsupervised domestic use of malathion aerosols. 


the cholinesterase activity determinations and careful observation'i"f the
 

subjects failed to reveal any significant effect of exposure to malathion.
 

In 1958 during a 4-1/2 month period, three men wearing only coveralls 



sprayed the'holdsof 34 ships-containing-graln. Again blood 'cholinesterase 
levels remained perfectly normal. 

Malathion's dermal toxicity isremarkably low, and its use does not
 
present any significant toxicological problems. The abovelconclusion was
 
confirmed by Hayes etal., who.reported that there was- no.decrease In
 
blood cholinesterase following dermal application of1,,5, or 10% malathion
 
dust applied five times weekly for 8to16 weeks.
 

Inseveral studies investigating the exposure hazard to spray opera
tors using malathion for mosquito abatement, it appears that malathion did
 
not present a hazard to persons:who were exposed. The'calculated.exposure 
inspray operations was less than0.01% of the toxic dose. -

No data were found concerning chronic exposure to malathion. Inview
 
of the long widespread use of malathion, "the absence of case reports of
 
chronic toxicityimplies that such effectsioccur very rarely, ifat all.
 

Itappears that malathion isnot hazardous to human health unless
 
Ingested Jn large quantities.
 

Fatalities - Deaths directly or.indirectly attributable 'to malathion
 
have been extremely rare. Throughout the entire world, reports of fatali
ties reaching this country since malathion was iintroducedcomercally In
 

.1953 total fewer.than, twelve. Inevery instance poisoning was-due to in
gestlonof concentrated material.
 

During the 1976 malaria :control program in Pakistan, 5 accidental 
deaths of spray persons:were believed to be related to malathionintoxica
tion. 'Athorough investigation by WHO/USAID/Government of Pakistan teams 
have determined that,in all cases improper safety precautions were being 
practiced. Workers and supervisors, used to the handling and.safety of 
DDT, did not'regard'malathion as a dangerous material requiring;specific 
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iandling procedures. Poor work practices, including mix.ing of the pesti

,ide by hand, not washing pesticide contaminated clothing, eating pesti-. 

:ide contaminated food and failure of adequate skin cover during spraying, 

4ere common occurrences. 

Broken malathion containers with pesticide spillage were found in
 

virtually all'storage rooms. Frequently, inadequate storage'facilities in
 

villages resulted in the pesticide being stored in homes. Exposure to
 

villagers occurred during the spraying of houses, since some residents re

mained inside their homes while spraying was taking place. Inessence
 

malathion was not being regarded or respected as a poison. Inaddition it
 

was found that certain supplies of malathion were old from storage and 2
 
=
 

brands of malathion contained contaminants which rendered them excessively
 

toxic.
 

This epidemic represents the first report of significant illness
 

among workers exposed to malathion. Numerous studies of pesticide plant
 

employees, agricultural workers, and spray persons in malaria programs'
 

haVe not observed significant toxicity following malathion exposure.
 

In summary, the death of 5 people due to improper safety procedures.
 

in handling, storage.and use,was a tragicavoidable 
event ifcertain,..
 

On the other side,of.thecoin,
standard safety precautions had been taken. 

.


taking into account the dramatic drop in P'. falciparum'malaria shown to
 

have occurred by .the use of malathion in 1976, one can conservatively es

timate that more.than 100,000 Pakastani lives were,saved solely by,
 

malathion.
 

Nonfatal Accidents- Considering-the enormous quantities of malathion 

that have been used since 1953, the number of alleged cases of,poisoning 

If
that have.beenreported'in the United States have been remarkably 

few. 

from the list one,.eliminates cases inwhich.(1) exposure to malathion was 

either not defin'itely established, or of a degree not likely to be injurious. 
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to ihealthand (2)clinical manifestations..were not'consistent With.a
 

diagnosis of phosphate ester poisoning and the diagnosis was not confirmed 

by cholinesterase tests, the.numberof cases remaining isless than a
 

dozen. Only one of these arose out of the use of malathion for the pur

pose for which itis intended, namely; as a pesticidal chemical,. :In this
 

instance gross disregard for even the most elementary safety precautions
 

led to massive, prolonged, and repeated exposures by ingestion,,by skin
 

absorption, and by.Inhalation of particulate matter. All of the other
 

cases resulted from the ingestion, either accidentally or with'suicidal
 

intent, of concentrated material.
 

4.1.4 Environmental Significance
 

A 20-acre tract inOhio where malathion was applied at 2 pounds per
 

acrd was sampledfor small animals. Animals recovered (for :resjdue analy

sis) were mice, chipmunks, opossums, weasels, flying squirrelsand shrews.
 

With the exception of mice and chipmunks, there was no reduction in the
 

mammal.population. Larger mammals such as raccoons and opossums showed
 

only minor effects. Big game animals should not be affected. All mammal
 

populations tested recovered to 85 percent of normal after 2 weeks. The
 

tests were terminated 1 year after- the spray application. Some residues
 

of malathion were found, but were minute or practically non-existent. It
 

was found that in:12to 24 hours after application, 601to 80 percentof
 

-thelnsecticide had been excreted by the mammals.
 

Birds - TheLDso for young mallards was 1,485 mg/kg to malathion-when 

the birds were fed the stated dosage orally in capsules. The LCO for 
mallards was greater-than 5,000 ppm; for pheasants, 2,500 to 4,500 ppm;
 

for bobwhites, 3,300 to 3,700 ppm; and for coturnix,,2,200 to 2,300ppm of 

malathion indiets of 2-week old birds when fed treated feed for 5 days, 

followed by clean feed for 3 days. 

Malathion inacetone injected into hen eggs at 25 ppm, 100ppm, 200
 

ppm , 300 ppm,' 400 ppm, and 500 ppm killed 15, 13, 38, 29, 58 and 94 per

cet ,of the embryos. This toxicant also caused teratogenic effects, es

_peclaly when combinedwith ethioin a 3 tol1 ratio.
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When chickens were fed malathion at aodosage of,100 mg/kg,'the chickens
 

developed leg weakness. Mode of action was unknown.
 

Malathion applied at 12.8 ounces per acre for western spruce ouaworm 
control in -Idaho apparently had.no affect,on pheasantsi that were cagea with-

In the spray area. Nodead or distressed animals'were-reported in the 

treatment areas.
 

During a spray program where malathion was applied at 2 pounds per
 

acre, many types of birds were nesting intest plots. Eggs in the nests
 

hatched and developed to adults. Young broods also developed with no ap

parent adverse effects. A brood of young ruffed grouse was observed be

fore spraying inthe spray plot, and itwas still in the area at theend
 

of the'year.
 

Most species of wildlife exposed to malathion applications at dosage
 

rates required for insect control apparently tolerate the insecticide rather
 

well. Effects on wildlife outside of target areas appear to be minimal.
 

Mice and quail exposed to ground applications of ULV malathion at one and
 

10 times the recommended rate (1.5 and 15.0 fluid oz/min) did not exhibit
 

any poisoning symptoms. Caged quail exposed to malathion spray (12 to 16
 

fluid.oz/acre) in the field and fed on sprayed feed showedsmall differ-;.
 

ences ingrowth rates compared to untreated birds.
 

The subacute oral toxicity of malathion to avian species' isas fo-llows:
 

5-DayLC50
 
species 
 Wm)
 

Bobwhi te quail 3,497 

'Japanese quail 2,128 
Mallard duck 5,000 

Ring-necked pheasant 4,320 

64
 



Fish -).oadverse effect'is expected to occur to fish populations from
 

the indoor 'spraying programs.
 

The toxicity of malathion to 3 species of fish, as measured by the
 

48-hour EC50, was as follows: channel catfish at 8,900 ppb, 240 C.; blue

gill at 86 ppb, 240 C.-; and rainbow trout at 79 ppb, 130 C.
 

Fish in the streams in a malathion treated (2 lb/acre) watershed area
 

were unaffected by the treatment.
 

An jovestigation of the persistence of malathion in fish revealed that
 

about 50 percent of the chemical was lost in less than 1 day.
 

Reptiles and Amphibians -Reptiles and amphibians in a malathion treated
 

(2 lb.acre) watershed area were unaffected by the treatnent,
 

Aquatic Insects - Small immature stages of some insects are affected
 

by malathion spray. Bottom samples of living aquatic insects taken before
 

and after spraying apparently were near the same level.
 

Soil and Soil Organisms - Malathion degrades rapidly in soils, (in2 

days), primarily through microbial action. However, chemical hydrolysis
 

is significant at higher pH or at higher content of soil organic matter.
 

Several soil organisms are shown to degrade malathion. Major degradation
 
products of malathion were thiolate and phosphate and phosphorothioic acid.
 

Sewage lagoon microorganisms readily degraded malathion.
 

Malathion degradation in soils is directly related to adsorption. In
 

aqueous soil-free systems inoculated with a soil extract, after a lag of
 

about Tdays, rapid malathion loss was found to occur. In sterile and non

sterile soil systems, malathion degradation was rapid; 50 to 90% in 24 hrs,
 

withno lag phase. 'Thus, chemical hydrolysis apparently accounts for
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malathion loss in soils'. Inacid systems -(pH 2),little hydrolysis occurs; 

it-is slow at pH 9 (50% in 20 days), but rapid at pH 11 99% in I day). 

At pH 9; hydrolysis was via diethyl thiomalate with thiomalic acid and 

00-0dimethyl phosphorothioate as the final products. -Malathion degrada

tion insoils follows first-order kinetics and isdirectly related tothe: 

extent of adsorption. Rates vary among soils even at constant adsorption. 

Water -Malathion residues inwater are degraded rather rapidly. In"
 

practically all ,experiments, residues of malathion inwater degraded more
 

rapidly than those of other pesticides studied under the same experimental
 

conditions.
 

4.1.5 Efficacy 

Malathion has been successfully used for many years in public health.
 

programs'for mosquito abatement throughout the world. As malaria vectors
 

become increasingly resistant to the chlorinated hydrocarbon insecticides
 

such as DDT, dieldrin and BHC, an intensive search was conducted on many
 

potential organo phosphate insecticides in various screening programs.
 

Studies conducted by mosquito laboratories throughout the malaria endemic
 

parts of the giobe as early as 1956 found malathion at 2 g/m2 "to be an
 

acceptable substitute providing effective control for 16 weeks on wood,,
 

thatch, mud, plaster and whitewashed surfaces. Malathion is one of the
 

WHO approved insecticides for worldwide use inmalaria control programs.
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4.2 	'Data on Alternative Insecticide (Fenitrothion)
 

4.2.1 	 Names and Structure
 

Common Name: Fenitrothion
 

Trade Names: Accothion,' Agrothion, Bay 41831, Cytel, Folithion,
 

M & P, Novathion, Nuvonol, S 5660, Sumithion
 

Chemical Name: (O,O-Dimethyl 0-(4-nitro-m-tolyl) phosphorothioate
 

Empirical Formula: C9H12NO5PS 
CH3 

Structural Formula: CH O S 

...P 0 - NO2 

4.2.2 	Physical ,and Chemical Properties
 

Physical ,State: yellow-brown liquid
 

MolecularWeight: 277.2
 

0C
SSpecific Gravity: 1.3227 at 25


Solubility In:
 

0C
- water: very 1ow, approximately 20 ppm 25

- organic solvents: 	 slightly soluble in aliphatic hydroacrtons, 

miscible in benzene, xylene, acetone, 

ethanol, cycloh xanol. 
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- lipids, fats: miscible invegetable-oils 

Boiling Point: lIBOC @ 0.05 mm/Hg; 140-145o @0.1 mm/Hg'(decomposed) 

Vapor Pressure: 5.4 x lO-5 mm/Hg @ 200C
 

Stability: 	 Hydrolyzes inalkaline conditions. Reasonably stable-fn
 

neutral to acid conditions.
 

Analytical Methods: colorimetric; polarographic, GLC & TLC
 

4.2.3 Toxicology
 

Fenitrothion isa broad-spectrum insecticide used throughout the
 
world for the control of agricultural, forest and-public health pests.
 
Fenitrothion was first reported in 1956 by Drabek and Pelikan. They
 
noted that this compound was remarkably less toxic to mammals than
 
other organophosphate insecticides such as parathion, which also inhibits
 
cholinesterase. This compound was subsequently introduced as an experi
mental insecticide in 1959 by Sumitomo Chemical Co. and Farbenfabriken
 

Bayer - AG.
 

Ithas gone through the seven stages of screening by WHO and is
 
one of the compounds recommended by WHO for residual spraying inmalaria
 
control programs. Data collected on a longitudinal basis indicated that
 
sustained spraying protection would reduce malaria prevalence levels to
 
an asymptotic limit of 6.9% under the assumption that the inoculation and
 
recovery rate will remain stable. Toxicological data showed the insectfi
cide issafe to use when recommended precautions are observed.
 

Acute Toxicity studies - Fenitrothion inhibits cholinasterase acti
vity inmost animals. Oral LDo50 , by single administration .of Fenitrothion
 
were determined to be 250-330 mg/kg (330..mg/kg, .95%.confidence limit) in
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male rats and 534-Z70mg/kg (1030mg/kg, 95% confidence limit) inmale
 
mice., cute dermal LD were found to:be 890)mg/kgfor male rats an
 

2800 for malemice.
 

Chronic Toxicity studies - Fenitrothion, 97.1% pure, was used in a 
two year chronic oral. tcXicity study using purebred beagledogs. At
 
dietary levels of 30,100and 200 ppm, the results indicate no significant
 
differences in overall weight (total and gained), food consumption, be
havioral reactions, adverse pathology and hematology between the control
 
and the test groups. Results of similar tests on cattle, sheep and swine
 
produced no permanent effects either. A reproductive study on rats (26
 
wks):using Fenitrothion showed no noticeable effects upon gestation or
 
fetal survival with any level of Fenitrothion feeding.
 

Teratogenicity - Results of a study conducted by the Industrial 
Bio-

Test Laboratories Inc., indicated that daily oral doses of technical
 
Sumithion administered to pregnant albino New Zealand rabbits produced no
 
obserVable adverse effects on either parents or fetuses. 
 Technical
 
Sumithion was administered to the test animals at daily rates of 0.3 mg/kg
 
and 1.0 mg/kg of body weight for 13 days during early gestation. A posi
tive control group of pregnant rabbits was given daily oral dosages of
 
Thalidomide (37.5 mg/kg/day) and the results obtained demonstrated the
 
susceptibility of this strain to teratogenic agents. No effects in body
 
weight gain were noted which could be attributed to Sumithion. No deaths
 
or unusual reactions were noted among females. Fetal mortal.ity was not
 
affected by treatment with Sumithion nor were any external abnormalities
 
observed among the fetuses obtained from those treated with the material.
 

In another study, no adverse effects on gestation or survival were
 
noted in rats when fed 10, 30 and 100 ppmof Sumithion. This was a three
 
generation reproduction study.
 

Mutagenicity - Ina study by Sumitomo Chemical Company, Ltd., a 
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tryptophen aurotrophic strain of Echerichia coliK 12 and Coeipage
 

lambda were used to-detect possible mutagenic effects of Sumithion. No
 

evidences of reversion were observed which suggests that Sumithion has
 

no mutagenic effects on these microbial systems.
 

Tumorigenicity - Twd long term feeding studies on rats were conducted

by Tokyo Dental College. The tests involved the dailyfeedings of 400, 

200, 100 and 25 ppm (lst study: 1965-1967) and'25i 10and 5.ppm (2nd 

study: 1968-1970) of Sumithion over a two-year period. There were no 

signs of tumorigenicity of Sumithion based on the histopathological exam

inations of surviving animals. 

4.2.4 Environmental Significance
 

Man and Large Mammals
 

Tests using cows, steers and sheep treated daily with Sumithion at
 

doses of 100 mg/kg in feed, depressed cholinesterase activity inthe blood
 

plasma, but this returned to normal 30 days after treatment ceased.
 

Small Mammals
 

No effect was observed in small mammals in Northern Maine*where the
 

forest had been treated twice with Sumithion at the rate of 0.125'lb/acre.
 

Birds
 

Accothion applied at a rate.of.0.25lb/acre applied twice "did not., 

)roduce bird mortality, but many birds were sick. At 0.125 lb/acre applied 

twice, little or no effect was observed on any birds.,:Ducks fed concentra

tions of 25 ppmfor periods of 5- 9 Weeks showed no reaction nor did they 

)how any effects after being confined inponds that were treated six times 

it bi-weekly, intervals with 0.4 lb/acre of Sumithion'. 
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Fish.
 

No significant mortality occurred to salmon parr'in New Brunswick;
 

streams sprayed with Sumithion, At a rate of.0.5 b/acre.' 

Soil andSoil organisms
 

,,eatment offorest soilswith massivedoses,offenitrothion at the
 

rate of approximately 10; lbs/acre did not alter population numbers or
 

respiration of the soil microflora. Twelve months after exposure, fenitro

thion had nearly disappeared fromthe potted soil sample.
 

Water
 

The stability of fenitrothion in aqueous,solutions of various pH levels
 

inlaboratory.beakers was stable at pH levels from 4 to 9. Inwater pullu

ted with bacteria, particularly Bacillus subtilis, insecticidal activity of
 

fenitrothion diminished rapidly within a'three day period.
 

4.2.5 Efficacy
 

Fenitrothion, an organophosphorus insecticide, has been evaluated for
 

residualspraying in anti-malaria programs in large-scale field trials.
 

These projects have involved entomological, parasitological and toxicologi

cal evaluations of the insecticide applied in hyper/holoendemic malarious
 
areas. All houses and animal shelters were sprayed at a target dosage of
 

2 at three month intervals for a total of eight consecutive spray
2 g/m


The spraying in Kisumu, Kenya produced a marked and
rounds in two years. 


rapid decrease both in malaria incidence and prevalence. Other studies have
 
2


shown a potential of long range control at l g/m. Fenitrothion has suc

cessfully passed the stage VII (final stage) in the WHO testing andevalu

ating scheme for malaria'control insecticides and is presently on their list
 

of recommended.chemicals.
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O.U L.NVIKURMLNIAL iIMPALI 

5.1 Anticipated Favorable Impact of Proposed Program.
 

5.1.1 Effect on Man
 

The obvious effect of a successful anti-malaria campaign is the re

duction or eradication of malaria. Though malaria ranks'as the highest
 

major disease in SL, actual mortality due to malaria is low. This is
 

undoubtedly due to the high level of rural medical care. Though mor-.
 

tality is low, morbidity based on reported cases of malaria has reached
 

epidemic proportions. In 1975, there were 400,777 cases reported. As,
 

many cases are unreported, it has been estimated that there existed over
 

1 million cases. The favorable impact on man would be the reduction of
 

malaria and improvement of health.
 

The effect on education, with its future implication is rather sig

nificant. Thirty percent of the total population is of schoolage
 

(6-17 yrs). On the assumption that an attack of malaria would lead to 5
 

days incapacitation, the following table indicates the possible loss of
 

school days:
 

No. of malaria cases
 

cases (detected & undetected) No. of school.days
 

age 6-17 years lost
 

1972 114,093 570,465
 

1973 138,458 69212,90
 

1974 237,573 1,187,865
 

1975 431,802 !,709,l0,
 

Thus the anticipated favorable impact ontpeople would be a reductio
 

in loss ofschool days.due'7to malaria attack
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The favorable impact on:earning capacity isdiscussed under.5.1.4.
 

Anancillary favorable impact on people as a result of the ispraying
 

program would be the reduction of household mosquitoes, Culex'fatigans,
 

capable of transmitting filariasis,,andAedes aegypti capable of trans

mitting dengue fever. Filariasis or elephantiasis occurs inscattered
 

foci inmany parts of the island. The endemic area, however, isalong
 

the western coastline from Negombo.to Matara, in the "non-malarious zone".
 

The Second Asian MalariaConference (WHO Tchn.Rep.Ser. 1956) lists
 

some'benefits attributed to successful malaria 'control projects, aside
 

from elimination of losses due to malarja illness, deaths'and endemicity.
 

They are as follows:
 

(a)'Lower'.infant and general mortality rates
 

(b)-Reduced absenteeism among schoolchildren, public servants and
 

workers in general
 

(c) Reduced incidence of certain insect-borne diseases
 

(d) Increased and more uniform use of land
 

(e) Increased tourism
 

(f)- Increased public understanding of, and cooperation in,public
 

heal th and 'welfare programs.
 

5.1.2 Effect on Natur.alEnvironment
 

The anticipated impact-on the naturalenvironment-is:negligible.: House.,
 

spraying .isa contained activity and essentially no interaction beithereis 


tween the domestic environment and the.natural environment.
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5.1.3 'Effect on Social ,Environment
 

The rural areas will be the major, recipients of a beneficil impact on 

the social environment. Malariar.ts most prevalent in rural areas and Often 

keeps the people from actively .participating in agricultural productivity. 

Many areas would be completely unproductive due to the malaria health hazard. 

were itnot for the'AMC. :Therefore, one social consequence of a sUccessful 

malaria control program wcald be a contribution toward a popular dispersion 

andincreased migration into formerly inhospitable-areas. 

Based solely on health as a measure of benefit, the people livingtn. .
 

small communities, inrural malarious areas will be most directly :affected
 

favorably by the malaria control project. It is in these areas inwhich.
 

Even some of the smallest
ihe project plans to concentrate its efforts. 


farms in the remote "chena" cultivation areas are presently incorporated 

into the malaria control program. Extension of malaria control services 
isplanned to reach all those inmalarious rural areas regardless of ethnic, 

or caste'basis will be minimal and ifpresent, be largely due to local ire

jection of anti-malarial services. Cases of rejection, even now, receive1 m
 

special attention from members of the AMC and should not pose a significant
 

long term problem inareas of high malaria incidence.*
 

5.1.4 Effect on Economic Environment
 

The favorable impact on the economic environment can be readilycal 

culated, when one considers that the loss of earning capacitydue to malar

iawas as high as 25 million rupees in1975. Forty percent,of ,the popula

tion isbetween the ages of 15 to 60'years, which ere considered-to be the
 

years of gainful employment of an individual.. Ifth)e daily average.earning
 

capacity of an individual istaken as 10 rupees, and that-5days are lost.
 

1

due to a malaria attack, the economic loss to the cou1try due to malaria
 

can be seen on'the following chart:
 

Personal communication from-Dr.'W. H.Jansen ASIA/TR "MalariacOntrol
* 

project paper entitled Social Analysis"-.
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Estimated Economic Loss Due'to Malaria
 

No. cases (detected &
 
undetected) of malaria No. of workdays, Loss of earnings
 

16-60 yrs. of age lost rupees
 

1972 .152,102 760,620 7,606,20( 

1973
1974 : • " 

184,610
316,762. 

923,050
,583,810 

J..30:50(
15,838,l0( 

1975 508,823 2,-544,115 25,441,150 

A'successful malaria program would reduce br-eliminate the following
 

losses due to malaria:,
 

Losses because of physical incapacity; because of time spent nursing
 

others; decreased efficiency while chronicallyJi1 or convalescent resulting
 

ina lower output of labor, smaller or fewer crops; lack of energy to plan
 

effectively or obtain a better job; cost of medical care; cost of spiritual
 

care. Loss isbased on the value of a life lost; expenses of a funeral.
 

Losses due to malaria endemicity resulted in lower rentals; depreciated real
 

estate; forced sales; moving from endemic areas.
 

The anticipated favorable impact would be increased economic product

ivity, to.the extent of over 2.5 million days of labor.
 

As 3/5 of the country's food producing land is inthe malarious areas,
 

malaria control will have a decided impact, increasing food producton, par
-
ticularly rice. WHO reports state that the rice crop was increased by 50%
 

because of malaria control. The economic benefits of malaria control depend
 

not only on the relative incidence.of the disease in,the'working population
 

but also on what segments of this population are freed from the burden of
 

sickness. Malaria's greatest impact is upon the low income segment of the 

:labor'' force. The agricultural .'worker, whether laboring in his "chena" or in 
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the rice paddy, is particularly exposed to; the bitesof malarlia -carrying. 

mosqui toes.
 

A quite often overlooked aspect of the favorable impact of malaria
 
control isthe benefit to tourism., Tourism istoday one of the world's
 
largest industries, and a
growing industry in SL with great potential. 
The relationship between the eradication of malaria and the upsurge of 
tourism has been noted ina number of countries, i.e. Sardinia, Tunisia,
 
etc. The grnwth of the tourist industry inSL isan important part of th
 
GSL planning., The natural beauty and variety of landscapes, unspoiled 
beaches, historical ruins, art treasures, and wildlife combine to make S,
 
a very attractive place to visit. However, adverse publicity regarding
 
the resurgence of malaria isbelieved to have been partly responsible for 
the.projected number of tourists not being realized.
 

The GSL isconcentrating on developing 5major regions for resorts 
and hotels (inColombo, inthe South Coast, inthe hill country, inancier 
cities ahd on the East Coast). Only the Colombo region, the hill country
and the western portion of the South Coast are inthe non-malarious or hy
poendemic areas. All the others are inthe endemic or hyperendemic area. 
As more and more tourists will travel outside Colombo, the possibility of 
an increase inmalaria infection ina proportion to the number of tourists
 
isreal. Ifthe tourist acquires P.falciparum or the "malignant tertian"
 
type,,and itisundiagnosed or poorly treated, itmay lead to a fatality.'
 
As tourists are notoriously fickle the prevalence of malaria can seriously
 
influence tourism inSL. The removal of the malaria health hazard can in
crease tourism,.which inturn creates new employment, opportunities for the
 
economy, promotes the sale of indigenous crafts and increases, the earning
of the catering trades. The malaria program by indirectly increasing 
tourism Will have a definite favorable impact on the economic environment, 
andbalance of t'rade. 
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5.1...5: Effect on Air Quality
 

It.is not anticipated that there Will be anyeffect on the air quality.
 

5.l6 ,Effect on Water Quality .
 

It is notanticipated that there will u emy T Ur:tn ,T waTer-U 

quality.
 

5.1.7 Effect on Land Use
 

Malaria control has great impact on Land Settlement and Development
 
Projects, however, some of the impact may be considcred beneficial' and s"ome
 

of the impact could be considered unfavorable. Land settlement and-develop

ment isnecessary for the economic well being of the country, and abything
 

that will promote this growth is a positive step forward, resulting In a
 

favorable impact. SL has resettled over 1 million persons on land
 
previously uninhabitable because of malaria. As these projects are being
 

established inmalarious jungle areas, and the people settling inthese
 

projects are usually with little immunity, they are therefore a-high ,risk
 

group to malaria. The AMC will undoubtedly have a major effect on the suc

cess ofa number of projects, such as the Mahaweli Ganga Project., In,this
 

light,!malaria control has a favorable impaction land development projects.
 

5.2 Anticipated Unfavorable Impact of Proposed Program
 

5.2. Effect on Man
 

Most of the anticipated unfavorable impacts ofithe malaria program on
 
man, are potential rather than actual.. .'.,There is a potentially hazardous
 

impact on spraymen, transport workersi and storekeepers (warehousemen)
 

fromthe,use of the7pesticide, malathion'.Malathion isone ofthe least
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toxic to humans of the.organo-phosphate insecticides, but like all pesti

cides, 'must be used properly and with care. Malathion, under certain con

ditions, breaks down into iso-malathion, a rather toxic (LD50 89 mg/kg)
 

chemical. If the product contains a comparatively high concentration of
 

iso-malathion, a sprayman with poor work habits may develop pesticide in

toxication. Malathion when properly used is not normally considered a po

tential health hazard. The calculated exposure in spray operations is less
 

than 0.01% of the'toxic'dose.
 

Indoor house spraying causes a disturbance of routine household
 

activities, and in the case of caste or ethnic infringement may become a
 

social/cultural problem, as well as an operational problem. Another un

favorable impact on man is the somewhat offensive odor of malathion. The
 

possibility of contamination of the air in the house exists, but is con

sidered somewhat remote since reoccupation is delayed for 2 hours. In
 

tests conducted with human subjects, 16 males were exposed 84 times in 42
 

consecutive days to concentrations of aerosols ranging from 0.15 mg to
 

2.4 g of actual malathion/lO00 cu.ft. with no significant effect on the
 

subjects' health. However, it is possible that asthmatic persons may de

velop symptomatic problems, if exposed to the spray particles.
 

Discoloration and staining of sprayed surfaces can be a problem in
 

urban situations.
 

Carelessness of indoor spray operations could lead to contamination oi
 

food, water and feed products. A potential problem may exist here, though
 

it is reported that malathion is not hazardous to human health unless
 

ingested in large quantities.. The acceptable daily intake (ADI) for mala

thion is 0.02 mg/kg.
 

A theoretical.adverseeffect of a successful anti-malaria program,
 

could be the changing~of capacity of now non-vector Anophelines
.vectorial 

to become Vector species. Giglioli (1963) point environmental
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changes resulting from more efficient agricultural practices-such as re

ducing the number of domestic animals, could cause an Anopheline species,
 

potentially capable of malaria transmission, but presently not showing
 

vecany vector capacity to alter its feeding habits and thereby become a 


example isAnopheles aquasalis inBritish Guiana.
-tor.His 


Determination of favorable or unfavorable impacts on man can be com-.
 

pared to Newton's First Law. For every favorable or unfavorable action
 

there isan equal and opposite reaction. Thus a successful anti-malaria
 

program, increases productivity (favorable) resulting in increase land
 

use and abuse (unfavorable) decreasing mortality and morbidity (favorable)

resulting in increasing population (uihfavorable) and.possible shortages of
 

food (unfavorable).
 

5.2.2 Effect on Natural Environment
 

Indoor house spraying of.malathion at 2 g/m2 results inaresidue on
 

walls and portions of the ceiling. It isdifficult to envisage any ad-

Some nonverse effect on the natural environment from ,this operation. 


target organisms that may inhabit the household may be affected. Spraying
 

operations here resulted inmortalities among bedbugs, cockroaches, house

flies,-other household insects and possibly geckos. Any of:the malathion
 

spray that isdeposited nn the floor (dirt) should break down within a
 

Sweek. There isnot expec to be any transportation of malathion to the
 

outside.
 

A potential for adverse effects on the natural .environmentexists in.
 

the transport and storage of malathion. Ifaccidental breakage of bags
 

occur, or some type of spill, it is possible that malathion could be re

,leased into the environment. As malathion iswell,tolerated by most
 

species of wildlife (birds and mammals) the adverse effect should be
 

minimalIwith,proper cleanup anddecontamination precautions taken.,.,
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However, if the release should occur,near waTer, 


to endemic fish populations exists, as
,malathion istoxic to most species
 

of fishand fish food organisms.
 

Social Environment
5.,2.3 Effect on 


'Perhaps,the major anticipated unfavorable impact.oftheproposed
 

program, would be in the social milieu. All other things being equal, the
 

infant mortality and crude death rates decrease as the efficacy of the
 

Thus in SL the average malaria morbidmalaria control program increases. 


ity from 1937 to 1945 was 44,300/100,000 and an average crude death 
rate
 

for-that period was 2,150/100,000. The anti-malaria spray program using
 

By 1960, the average malaria morbidity was down to an
 DDT began in 1946. 


average of 5/100,000 and the crude death rate was 860/100,000. 
According
 

Lanka", the spraying of
 to the official publication "The Population of Sri 


DDT, which commenced in 1946, was mainly responsible for the dramatic 
de-


For
 
cline in malaria morbidity, malaria mortality and overall mortality. 


the next 20 years the rates continued to decrease, until 
1964 when the
 

spray program was interrupted. In 1968, malaria started again to reach
 

epidemic proportions and has continued its upward trend 
to its present
 

In theory, if the proposed AMC is successful, the
 
1/2-1 million cases. 

morbidity and death rates'would go down and the population growth would 

its secondary
increase, ,resulting In a population explosion, with all 


problems. However, the theory does not seem to function when other 
ex

ternal forces are brought into action. .The successes of family planning
 

and population planning, would be expected to negate population 
increases
 

If this did not:occur the unfavorable impact
due~to malaria control. 


would be an increase in population with the resultant social problems.
 

Effect on Economic Environment.
5.2.4 


The main adverse effect on the economic environment is the drain 
on
 

.rGSL,,.funds. The overall exp6nditure.for:the-five-year program is estimate
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at U.S. $52,512,000 of which GSL's share would be U.S. $26,8109,00., The
 

,use of these funds,by AMC deprives the GSL-from using these funds elsewhere.
 

A large amount of manpower will. be diverted to the AMC, which might be
 

usd elsewhere. The impact on the-economic environment of-the use of this
 

labor force could be argued either as favorable or unfavorable. Perhaps a
 

more significant unfavorable impact on.the labor situation, is the expectedl
 

decrease in loss of manhours due to malaria. Thus an expected-increase in
 

labor supply, added to the present unemployment situation, could very weI
 
exacerbate the unemployment problem.
 

,
As the use of malathion and fenitrothion for pest control (other than
 

by the AMC) will be withdrawn in 1977 by Governmental Order, a substitute
 

pesticide must be found for use in control of agricultural pests. Substi

tute pesticides will undoubtedly be more costly and perhaps less efficacious
 

than the two OP compounds, and thus will cause an unfavorable impact on the
 

economic environment, as well as other aspects of the environment.
 

5.2.5 Effect on Air Quality
 

-It is expected that the proposed program will have a negligible, un

favorable impact on air quality. The Radio 'Isotope-Center inColombo
 

expects, to be able to monitor the air quality, but at present there has
 

been no data collected on air quality in SL. The AMC methodof operation
 

consisting of indoor house spraying at the rate of 2g(a.i.)/m2 of mala

thion wettable powder, is not expected to have any adverse effect on the
 
"
 air-quality of the outdoor environment. The: effect indoors would.be' 


temporary and'negligible as long as standard safety precautions are taken
 

as planned.
 

As the spraying equipment is hand operated, no source-.of air pollution 

by gasoline engines.is forseen.:The transport 'of men and materials is not 
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expected to significantly increase the air.1 pollution over and :aboVe the 

normal, usage of transport.. 

5.2.6 Effect on Water Quality
 

As the focus of the AMC operations will1be on indoor spraying, it is 

rather inconceivable to expect aly impact,. favorable or unfavorable on 

water quality. Iflanylarvacidal Qperations are undertaken, then there 

definitely could be an anticipated unfavorable impact on water quality. 

At present.the recommendations are .that no larvaciding will be undertaken 

with the possible exception of certain limited urban areas, where the popu

lation density warrants the expenditure of funds and labor. The area that
 

might be treated (f at all):would be minuscule compared.to the overal.1
 

program. The unfavorable impact implications, however, would bethe toxi-'
 

city to fish, and some non-target aquatic invertebrates. There would be no
 

expectations for a build-up in'the food chain. Though-water that collects
 

in pools in the dried up river beds.maydbe used for drinking water by man
 
and animals, it is highly unlikely that sufficient malathion would accumu

late to create a hazard. In addition the use of these pools by man and
 

animals is not common in urban areas.
 

5.2.7 "Effect on Land Use
 

The anticipated unfavorable impact of the-proposed program on land
 

use-would be primarily in the expansion of settlers-and settlements into
,
areas that previously were too hazardous to farm due to the malarious con

ditions. The "chena" farming, a type of slash and burn farming is expected
 

to be expanded with some disruption of the natural environment at a rate
 

faster than normal.
 

5.3 Summary of.Favorable and Adverse Effects 

The most favorable impact of the anti-malaria program is the impro~,

men.t in.health conditions4;'increase in attendance at educational and
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governmental institutions and agencies; increased productivityi both
 

agricultural and industrial. Tourism would receive'a favorable impact 

with the resultant increase in foreign exchange. The major favorable 

impact on land use would be the expansion of land settlenentand agri

cultural development.
 

'Theanticipatedunfavorable impacts are minor, more potential tha
 

actual. The use.of'pesticides (malathion) involving operational.per

sonnel, presents a potential hazard. However, there have been no cases.
 

ofaccidental deaths, sickness or'contamination due to:malathion spraying
 

of houses reported for SL. AMC is fully cognizant of safety requirements,
 

and attempts to enforce them. The unfavorable'impact onthe social. en

vironment is theoretical. Instead of the expected increase in population
 

growth as a result of an effective malaria program, the'population -growth

has remained somewhat stable. This is probably due to the effective
 

family planning program and the low malaria mortality rate. There is an
 

adverse effect on the economic environment in that AMC diverts large sums
 

of manpower and money away from other projects. As an effective anti

malaria program will resultin expansion of land use of previously%unin

habitable lands, which in turn will und...jbtedly have' an adverse effect on'.
 

thenaturalenvironment, this may.be considered a possible adversr effect.
 

It is expected that there will be'little or-no effect, adverse or 

favorable on air quality.and water qU'ality." 

In conclusion theanti-malaria program should not have any signifi

cant effect on the environment, exceptimprovement of healthconditions..
 

It obviously does not degrade the quality of the human environment ,or 

curtail the range of beneficial uses of the human environment and its 

resources. It-has no effect on any naturalS or cultural heri tage. 
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6.0 	 RELATIONSHIP BETWEENIISHORT-TERM USES OF'MAN'S ENVIRONMENT AND THE
 

MAINTE'NANCE OF LONG-TERM PRODUCTIVITY
 

The short-term health benefit or immediate control of malaria will
 
produce many probable long-term effects on man and the environment,
 

however, only three deserve primary consideration regarding long-term
 

negative benefits. The immediate'disease control versus human popula

tion'nincreases; immediate control of malaria versus'development of vectc.
 

4resistnCe;
and when disease control enables settlement in regions freed
 

of disease that,then encroarhc. on wildlife habitats.
 

One of the normally accepted impacts of a health benefit program is
 

an increase in-the population byisaving lives. This will- probably not
 

occur in SL because its existing health care facilities and family plan

ning'programs have prevented the high rates of mortality that are associ

ated 	with malaria epidemics and Population growth. Instead the proposed
 

program will address the problem of malaria morbidity and prevent the
 

Sexisting population from being ill .with the disease. The increase in-the
 

general health and well being of the population should decrease the'level
 

of minor illnesses. Efficiency of-the government, industry, and agricul

ture 	will increase as less sick days aretaken. Absenteeism will decrease
 

among students and teachers promoting a better level of education. The
 

number of malaria patients.entering health care facilities ,wi.ll decrease
 

with 	a subsequent increase in bed space andefficiency of operation. The
 

public awareness of health education and benefits will increase as mass
 

media publicity, training programs and seminars are conducted."
 

Immediate control of malaria will open up for-development,and'agri

culture areas of theisland previously uninhabitable due to the prevalence
 

-of disease. This inevitably encroaches on the wildlife habitats in many
 

One million people have migrated into these new.open."areas" since
areas. 


the'old.epidemic was curtailed.
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The attempt of,:the 5sL to control and eventuaiiy eraacate malaria 

could cause the development of disease vector resistance to malathion and, 

fenitrothion-with the.,'consequence of having Ito resort to a more toxic in

secticidelater in the 'program.,,'.However*, the intensive research and sur

veillance programs contained within the plan of action will probably'
 

prevent this occurrence and, in any case, provide sufficient advance
 

warning so'that proper.remedial measures may be instituted.
 

Immediate control of the present malaria vector with concomitant
 

increases in the.mechanization of agricultural practices due to the po

tential of having larger farming areas could lead to the decrease in
 

number of domestic work animals. This could potentially lead to the in

creased vectorial capacity of presently non-vectorial species resulting
 

in zoophilic vectors becoming anthropophilic vectors as happened in
 

Bri tish: Guiana'. 

In summary, although the potential exists for development of disease
 

vectorresistance, population growth and wildlife encroachment, the. prob

ability is small. The benefits of the anti-malaria program far outweigh
 
the potential long-term negative'effects.
 

7.0 	 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF.NATURAL, CULTURAL AND
 

OTHER RESOURCES
 

It is not foreseen that the operation of-the anti-malaria campaign
 

and the concurrent application of malathion at the intended rates will
 

cause any irreversible or irretrievable impact on the environment. As
 

:the objective of the spray program is to apply a residual insecticide 

'to the interior walls of houses, the only non-targetorganisms that'may 

-beaffectedare flies, bedbugs, roaches and geckos.. 

The human resources committed irreversibly are manpower, money and 

-equipment. If these were not used for the anti-malaria campaign, 
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probably some, but not all, would.be availablefor other alternative 

programs. 

No endangered species of wildliferwill' be affected by this project.
 

The anti-malaria project will cause no loss or destrUction,of historic
 

sites or recreation areas, On the contrary, they will be less hazardous
 

to visit,.as far as health is concerned.
 

8.0 ALTERNATE METHODS
 

8.1 Mechanical Control
 

An attempt was made to determine:the''effect of "flushing" on the 

larval breeding of Anopheles culicifacles the only incriminated-vector 

of malaria in SL. This mosquito breeds in non-polluted, stagnant or 

slow moving water and is known to breed'in a variety of breeding; places. 

Prolific breeding of the species occurs in sand and rock pools in the-.
 

beds or rivers and streams. Such 'conditions occur during drought periods
 

and lead to increased vector densities.
 

In 1976, prolonged drought conditions :led to pool formation along the
 

Mahaweli Ganga at Polgolla, with a resultant increase of A. culicifacies.
 

The Polgolla complex is capable of diverting 2000 cubic feet of water per
 

second'into the Dhun Oya known in its lower reaches as Sudu Ganga.
 

An experiment was conducted:to determine if periodic flushing of the 

breeding places would be a simple solution to larval control .Two trials 

were. conducted in coordination with the authorities of the Mahaweli De

velopment Board to check the quantity of the water and the'frequency of 

discharge for an effective flushing out of the breeding place. The quan

tity of the water uti lized; was theamount available for release during 

periods of1 ow, iinflow.. -Baseline 'data ,on larVal breeding was obtained 

at 9 locations downstream. Water.was released at the rate of 1000 cusecs 
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for 6 hours or a total of 21.6 million cubic feet of water. Post flushing':
 

larval sampling was conducted and revealed that for 6-1/2 to 7 miles down-,
 
stream there was a flushing action,,though a few isolated pools at higher.
 

elevations were unaffected.
 

A second trial was conducted, the water being released at 2000 cusecs.
 

for 3 hours. Post flushing samples, revealed flushing occurred for approxi

mately 9 miles downstream. Itwas concluded that the release of 2000',
 

cusecs of water for 3 hours at-weekly intervals would significantly reduce
 

the Anopheline and Culiune breeding in the Mahaweli Ganga for 9 -971/2
 

miles below the Polgolla Dam.*
 

8.2 Biological Control
 

8.2.1 Larvivorous Fish
 

Screening of indigenous larvivorous fish was conducted in 1976 by
 

Prof. H. S. Costa, Professor of Zoology at the Universityof Sri Lanka,
 

Kelaniya. The following fish have been cleared in the laboratory as
 

larvivorous:
 

Aplocheilus dayi
 

Aplocheilus blochii
 

Aplocheilus werneri
 

Rasbora daniconius
 

Though laboratory tests have-indicated that these fish are. larvivorous,
 

additional data must be acquired before they could be used as a biological
 

,control measure. Xnfbrmation must be acquired on the effect of temperature,
 

salinity, pH, water movements, isolation and pollution on the various spe

cies of fish.
 

*,Personal, communication. *AReport on Anti Larval Operations by Flushing
 

Mahaweli.Ganga'at'the. Polgolla Diversion .,Scheme:,by Merv'yn B. Wi ckramasi nghe.
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The introduction of exotic fish has not been attempted for ,the. 

following reasons: .... 

, . Exotic fish tend to succeed in a non-disturbed environment
 

where the natural biota has been altered,-and in effect new niches are
 

created
 
2. Predators may have been left behind
 

3.' Interspecific competition of the- original' ecosystem has been 

removed 

4. Tendency of larvivorous,fish to become dominant species in
 

new communities
 

However, the newenvironment may not suitthe-introduced.species.even 

when:it,'has good eurytropic capacitiess. Research is being Continued by 

AMC. 

8.2.2 Nematodes
 

The use of an entomogenous nematode worm Reesimermis nielseni has been
 

proposed for the control of.Anopheles. An experimental release of prepara

sitic juveniles in Louisiana resulted in an average rate of parasitism of
 

55%for anopheline larvae. The practical feasibility of anopheline control
 

in SL using this nematode has not been demonstrated.
 

8.2.3 Other Biological Agents
 

Other parasites such as fungi, bacteria,,viruses and:other predators
 

have been used experimentally but at present have not,been-proven.practi-_.,
 

cal or feasible.
 

8.3 No Action
 

-The last alternative to the proposed anti-malaria program is no, 
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action. :.This al ternative"coul d prove to be,'disasterous to the people
 

and the GSL.:
 

The general health and wel -being of the people would deteriorate.
 

The malaria induced mortali ty and morbidity Ira
tes .wouldaccelerate, with
 

a resulting break -'down of.Ihealth care facilities .due to'bverloading.
 

',The efficiency of the government would greatly decrease due to the increase.
 

insick .leave. The finances of the government would -be taxed due to the.
 

.extra cost of the public health care system.
 

Agricultural production and expansion would backslide,increasing
 

the food import needs of the country, adversely affecting the balance of
 

trade. Education would be set back, with great absenteeism'of teachers
 

and students. A general lack of energy to produce and plan effectively
 

would exist among the people. The ancillary costs of sickness and death
 

would place an intolerable burden on the impoverished people.
 

As the endemicity increased, there would be depreciation of- and
 

values, lower rental incomes, forced sales, etc., Tourism, a-large'sourcel
 

of foreign revenue would ,decrease or possibly dry up.
 

A no action program would be catastrophic for the governmentofSri
 

Lankai'
 

0 CONSULTATION'WITH APPROPRIATE'AGENCIES
 

9.1 Agencies and Individuals Contacted.'
 

Anti-Malaria Campaign (AMC), Colombo
 

Dr. A.N.A. Abeyesundere, Superintendent , 

Dr. K.M.S.S. Wickramasinghe, Deputy Superintendent 

Mr. Mervyn B.Wickramasinghe, Entomologist. 

Dr. Dias, Stores and Transport 

Dr. T.S. Ruberu, .Epidemiologist 
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Ministry of Health, Colombo
 

Dr. HA. Jesudasan, Deputy Director of Health Services
 

Medical Research Institute, Colombo
 

Dr. W.A. Samarawickrema, Medical Entomologist
 

World Health Organization, Colombo
 

Dr. Jun Akiyama, Senior Entomologist
 

Dr..E.C. Haas, Senior Malar.a.Advisor
 

Dr. B. Bisseru, Parasitologist
 

University of Sri Lanka
 

Prof. B.A. Abeywickrema, Head-Dept". of Botany
 
Dr. K.D. Arudpragasam, Head-Dept.-,of Zoology
 

Dr. Granville Dharmawardena, Radio-IsotopeCenter
 

Dr.rA.D.V. de S. Indraratna, Prof. of Economics and"Director of
 
Demographic Training &,Research Unit
 

Prof. H.H. Costa, Prof. of Zoology,.USL, Vidyalankara Campus
 

Mahaweli (Dam) Development Board;,Polgolla
 

P.V.P.C. Perera, Engineer in Charge
 

Colombo National Museum, Colombo
 

Entomological Curator
 

.Royal Botanic Gardens, Peradeniya
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Wildlife Conservation Dept. ,,Colombo
 

Mr. C.V. Unamboowe, Director
 

Forestry Department,.Colombo
 

Mr. L.C.A. deS..Witesinghe,.Senior Asst. Conservator of Forests
 

Mr;A.D.R. Ratnarajah, Asst. Conservator of Forests
 

External Resources Dept ., Colombo
 

Mr. K. Velauythan, Director
 

Wildlife and Nature Protection Society of Ceylon
 

Mr. Azziz
 

Fisheries.Department, Colombo
 

Mr. A. S. Mendis, Deputy Director of Research
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1O0OAPPENDIX
 

10.1 Glossary
 

Active Case Detection is a part of surveillance activities in
 

hich the formal malaria project actively searches for malaria cases
 
through'the collection of blood slides and epidemiological investigations.
 

Animism is the belief that all natural objects'and the universe
 
itself possess a soul which may exist apart from their material bodies.
 

Annual Parasite Incidence (API) is the proportion of cases of
 malaria detected on an annual bases in relation to the unit of population
 

inwhich malaria occurs.
 

Anthropophilic refers to the mosquito having a preference toward
 
feeding upon man.
 

Ayurvedic medical practitioner is the."traditional doctor" who 

believes that the cause of illness is due to imbalances of bodily forces. 

Bioassay test is a means of determining by biological means, the
 
susceptibility of an insect to being killed by a substance or chemical.
 

Biological Control is a method of controlling mosquitoes using
 
living vertebrate or invertebrate predators, genetic control or parasites.
 

Bionomics is the study of organisms in relation to their environ
ment.
 

Biting rate is the proportion o' female mosquitoes caught biting
 
ona bait at certain stated timesdUring 24 hours.
 

Charmers are "medical practitioners" who believe that the cause
 
of illness is supernatural and prescribe'ritual appeasements to the "god"
 
causing the illness.
 

Chemoprophylaxis is drug prophylaxis which implies the use of
 
drugs before infection with the aim of preventing disease.
 

Chena refers to an agricultural area that has been carvedout of
 
the jungle by slashing and burning the forest. These areas are typical:ly
 
used.for 2 - 4 years then abandoned by the farmer.
 

Convectional rainfall is localized precipitation that occurs.due
 
to the evaporation of water from land masses-with subsequent'saturation 

of 

the.air (clouds) and eventual: release backto the ground.',!, 



S. Cytogenetics -s the StUdy or fnereoitary tr~nsmission'anaDenavor 
of chromosomes., 

DDT is an abbreviation of the commonname:Dichlorodiphenyl Tri
chloroethane, a chlorinaied hydrocarbon type of residual insecticide.
 

Depress~onal rainfall occurs n"~mally during the intermonsoon
 

season when the barometric ,pressure falls causing winds containing satu-,
 

rated ocean air to blow over the 'island dropping their precipitation.
 

Ecosystem'is the relationship'-andQinteraction between the organ-. 

isms (the livingcomponent) of an area to its environment (thetnon-living 

component - climate, geology, etc.). - " 

EndemiLcIty i's a term applied t6 inalari.wwn there ,is a,constant 
measurable incidence both of cases and of naturl'transmission in an area
 
over a succession of years.
 

i' Endogamou is:"a
I'I 

term meaning marrying,,within thet~'ibe or 'social 

plane.
 

Epidemic is a termt applied,to malaria when the incidenceof case
 
in an area rises rapidly and markely above Is,usual level. .
 

Epidemiology in a broad sense is the studyof,'the environmental,
 

personal and other factors that.,determ,ne,'the incidence of disease.
 

Falciparum Malaria is a severe type of'malaria caused by Plas

modium falciparum,,a species of dalaria, parasite.
 

Fauna is the'animal life of/an area.
 

Fenitrothin 'is,he generic name of.an organophosphate insecti-,
 

cide.
 

Flora is the-vegetative or plant life of an area,
 

Focal Spraying is residual insecticide house spraying around
 
a malaria focus. , .
 

House resting density,is-,an entomological tool to assist the
 
epidemiologist to determine--the-effect of insecticides on vector popula-,!
 

tions.
 

Hyperendemic is a term that means the normal incidence is high,
 

i.e. there is a constant high level of malaria existing in this area with 

the spleen-rate in children of 2 - 9 years constantly over 50% 
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Hypoendemic is a term thatmeans the normalincidenceis low,
 
i.e. thereis a constant low level of malaria existing'in.thisarea:with

the spleen-rate inchildren 2- 9 years from 0-10%.
 

Incidence is the number of cases of disease occurring during a
 
given.time period in.relation to the unit of population in.-which they
 
occur.
 

Indigenous refers to originating inand characterizing a partic
ular region, i.e. native population.
 

Larvicide isa substance used to kill the aquatic larval staga
 
of the malaria mosquito by ingestion, contact or respiratory blockage.
 

Maha season refers to the southwest monsoon season characterized
 
by high rainfall during May through September.
 

Malaria Control isan operation aimed at reducing the prevalence
 
Of malaria to a level at-which it is no longer a major public-health
 
problem.
 

Malaria Eradication isthe ending of the transmission of malaria
 
and the elimination of the reservoir of infected cases in a campaign
 
limited intime and carried out to such a degree of perfection that'when
 
itcomes to an end there is no resimption of transmission. 0 

Malaria focus is a defined and circumscribed locality situated
 
in a currently or formerly malarious areas and containing continuous or
 
intermittent malaria transmission.
 

Malaria Parasite is a colloquial term for any of the protozoan

organism causing malaria infections.
 

Malariogenic Potential isthe degree to which an area iscon
ducive to malaria based on cumulative epidemiological data collected
 
from each area regarding the parasite load, vector density, water logging,
 
climatic conditions, population movement and factors causing man-made
 
malaria.
 

Malariometric indices are a quantative measure of the incidence
 

ofmalaria.
 

'Malathion isan organo phosphorus compound residual insecticide.
 

Mesoendemic is a term that means the normal incidence .ismedian,
 
i.e. there isa consfant middle level of existing malaria in the area
 
withthe spleen-rate inchildren of 2 - 9 years at 11-50%
 

Monsoonal rainfall isseasonal precipitation and wind that blows
 
from the southwest in sumer and northeast inwinter.
 



Montane is the lower vegetation belt on mountains.
 

Morbidity rate is the relative frequency of illness or sickness..!
 

Mortality rate is the relative frequency-of death or death rate.i
 

Parasite rate is the percentage of persons showing malaria'para-.
 
-sites.by blood smear examination.
 

Parous rate is an entomological term describing the proportion of
 
female mosquitoes in a population Which-have laid one or more egg batches,
 
i.e. have fed at least once.
 

Passive case detection is a part of the surveillance activities
 
inwhich the public health and ,medical services other than the regularly
 
constituted malaria service, assist surveillance activities by actively.
 
.searching for malaria cases by the collection of blood slides and epidemio
logical investigations.
 

Perennial house spraying involves the spraying of dwellings 'on an
 
every 3 months schedule or 4 times per year.
 

Presumptive treatment is initial drug treatment given,in a sus
pected malaria case at the time when a blood sample.is'takenfor examina
tion.
 

Prophylactic drug protection refers to a method of protection
 
from'disease by chemotherapy (pills).
 

Propoxur is a carbamate insecticide with some residual properties.
 

Radical treatment is treatment to completely eliminate the para

site from the body so that relapses cannot occur.,
 

Relative humidity is the ratio of the amount ofwate Vapor in
 
the air versus the total amount of water vapor that the air could hold at
 

Ithe:same temperature when saturated. 


Relict pool is a small body of water left behind when the water
 
'level-of a river or stream recedes.
 

Residual insecticide is an insecticide which when suitably applied
 
on a surface, maintains for considerable time its insecticidal activity by
 
either.contact or fumigant action, i.e. DDT.
 

II~, Resistance is the development of an ability in a,strain of insects
 

to tolerate doses of toxicants.which would prove lethal to the majority of,
 
individuals in a normal population of the samespecies.
 
..


II',Savanna is an area of grassland inwhich are scattered treesor
 
shrubs: but little or no breaks in the continuity, of,grassland cover.:
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Seasonal house spraying involves 'the spraying of homes only'when
 
the:expected population of mosquitoes wouldbe-high.
 

Social heterogeneity is having unlike beliefs or customs pertain
ing.to the life and relation of human beings i a community.
 

,-
Surveillance is that part of a malaria program aimed at the dis
 
covery, investigation and elimination of contihuingtransmission and the
 
prevention and cure of infections.
 

Total spray coverage is the application of residual insecticide
 
during one spraying cycle to all sprayable surfaces in all sprayable
 
houses within a given operational area.
 

Ultra low volume (ULV) spraying is a method,-of insecticide dis
persion by special air or ground equipment using very small amounts of
 
finely dispersed particles of insecticide.
 

Unicameral refers to having a single assembly or legislature.
 

Unstable malaria refers to those areas wherethere are frequent
 
outbreaks witi the general incidence remainingat low levels.
 

Vector inmalaria is any species of mosquito in which the malaria
 
parasite completes its sexual cycle in nature'and which isthu's able to.
 
transmit the disease.
 

Vector density is the rumber of female Anopheline mosquitoes
 

in relation to the number of specified shelters or hosts or to a given
 
time period specifying the method of collection.
 

Vector resting place is the surfaces on which mosquitoes rest
 
before or after blood meals, i.e. walls, ceilings, thatch, etc.

of. Vector Susceptibility represents the degree to which a species.
 
.ofmosquito develops resistance to theeffects of insecticides.
 

. . Vivax malaria is recurring type .of malaria caused by Plasmodium
 
vivax,.a species of malaria parasite. Vivax malaria is characterized-by
 
paroxysms on alternate days (tertian malaria).
 

Water manaqement involves the reduction orelimination of sources
 
of mosquito breeding through filling, draining, diking, changes in water
 
level, flushing, canal trimming and otherengineering methods.
 

Window trap is a screened box like trapused to collect mbs
quitoes that exit from a building.. 

Yala season refers to the northeast monsoon season characterized
 
by high rainfall during December through February.
 

Zoophilic is thelhost preference of mosquitoes to~feed upon cattlf 
oranimals rather:than humans . 
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