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Abstract
A survey was conducted to evaluate the Source Reduction Methods for Malaria Vector Control in some
selected States of the United States with recommendations for Nigeria using the closed ended questionnaires.
The five page questionnaire tapped information from 14 mosquito control officers on environmental factors
contributing to malaria vector breeding and control, awareness and education of the public on mosquito
control, naturalistic methods used in mosquito control and other factors. The respondents attributed the
local governments to have significant responsibility (P<0.05) in carrying out mosquito control programs.
There was no significant difference (P>0.05) in the educational attainment of mosquito control workers.
Significantly (P<0.05), source reduction method was indicated as the best method for mosquito control
because it eliminates mosquito-breeding sites. Respondents indicated a significant difference (P<0.05)
that the combined efforts of health educators, vector control specialists and environmentalists are needed
to educate the community on conducting effective mosquito control program. There was no significant
difference (P>0.05) on the various sources from which financial assistance are rendered for mosquito
control program.
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1.0 Introduction

Malaria is an infection caused by protozoa of the
genus Plasmodium. The four species that cause
human malaria are P. falciparum, P. vivax, P. ma-
laria and P. ovale (Pelczar et al., 1993). P.
falciparum is the most virulent and causes malig-
nant tertian malaria, also known as subtertian, estivo
autumnal or falciparum malaria. P. vivax and P.
ovale cause benign tertian malaria and P. malaria
produces quartan malaria. The disease is particu-
larly fatal to children. Malaria may often cause abor-
tion, miscarriage, or premature labour in expectant
mothers (Payne et al., 1976). Populations with a
high incidence of malaria are characterized by low
birthrates, high infant mortality, lack of enterprise and
general despondence (Conly, 1972).

Malaria is mainly confined to poor tropical areas of
Africa, Asia and Latin America (Disease Watch,
2004). Each year more than 150 million people be-
come ill with malaria and 3 million die. More than
90% of malaria cases occur in tropical Africa, par-
ticularly among young children and pregnant women.

In the United States, malaria has been eradicated
and the few cases seen are associated mainly with
the return of military personnel from areas where
the disease is prevalent. Malaria is rarely contracted
within the United States (Pelczar et al., 1993).

Nigeria is located along the West Coast of Africa
and is well watered by the rivers Niger and Benue.
The two major rivers and tributaries serve as good
breeding areas for anopheline mosquitoes (Federal
Nigeria, 1977). Among the major contributing fac-
tors to mosquito breeding potential in Nigeria are
poor drainage systems, particularly lack of storm
water drainage systems. The most available drain-
age systems in use presently is the open drainage
system which is composed of “gutters”. These gut-
ters are the most productive anopheline mosquito
breeding sites (Nigeria Gazette, 1983). Malaria con-
stitutes a serious public health problem in Nigeria. It
is responsible for 60% of out patient visit to health
facilities, 30% of childhood death, 25% of death in
children under one year and 11% of maternal death.

The financial loss due to malaria annually is estimated
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to be about 132 billion naira in form of treatment
cost, prevention and loss of manhours.

The approach to mosquito control is source reduc-
tion or elimination of breeding sites (Ledbetter,
1982). The integration of different methods of mos-
quito control with special emphasis on the control
of breeding through water management and envi-
ronmental sanitation are paramount to the planning
and development of sound mosquito programs.

The primary objective of this work was to evaluate
the success of environmental management for mos-
quito-borne disease control in some selected states
of the United States that have used environmental
management techniques to eliminate mosquito habi-
tats and have up-to-date information on mosquito
control and to make recommendations for Nigeria.
This is because Nigeria’s tropical climate is similar
to those of the sample population.

2.0 Methodology

The sample population selected consists of 14
mosquito control programs officers in the Southern,
Southeastern, and Western State of United States,
as well as several Public Health Agencies that deal
with vector control.

A questionnaire was used in this study and designed
in such a way to gather information and data on
environmental management for mosquito control in
the United States. The questionnaire tapped
information on general mosquito control programme
and environmental management of mosquito control.
Most of these questions requested a simple circle of
the appropriate response. Some required writing a
number or comments, while only a few required
ranking in order of magnitude. With this type of
question respondents were asked to rank a number
of variables from the greatest to the least. Questions
were evaluated using percent response, Bi-variate
chi(x2) square at 95% confidence limit and Analysis
of variance (ANOVA).

A total of fourteen States out of eighteen responded
to the questionnaire. The response rate of 77.7%
provided validity for conclusion drawn from the
study.

3.0 Results

Table 1 shows general information on mosquito con-
trol programs. It shows that Local governments have
significantly higher (P<0.05) responsibilities in the
mosquito control programs. It also indicates that most
of the mosquito control workers are high school and
college graduates as indicated by 42.9% of the re-
spondents. Respondents indicated that Health edu-
cators/Vector control specialists and environmen-
talists are significantly (P<0.05) responsible for edu-
cating the community in conducting effective mos-
quito control programs.

Table 1 also shows that mosquito control staff should
be well trained and well informed (92.9%). From
the responses, informational and promotional efforts
are significantly very important (P<0.05) in mosquito
control program. Mass media such as Newspapers
and television were rated as the most important
means of communication employed to encourage
community involvement in mosquito control pro-
grams.

Table 2, presents different approaches used in the
environmental management of mosquito control. It
indicates that voluntary community organizations
usually carry out environmental clean up campaigns.
Respondents also indicated that adequate manpower
is significantly (P<0.05) very important in the orga-
nization of mosquito control activities. The Federal
Government and agencies were rated as highest
sources of financial assistance for mosquito control
program, while individuals were rated as least source
of financial assistance.

From the responses in Table 2, water management
constituted the most important source that can cause
mosquito control problems while improper solid
waste disposal (7.1%) and reservoir management
(7.1%) were rated least contributors to mosquito
problems. Respondents in Table 2 also indicated that
Drainage and water management were significantly
(P<0.05) the most natural method used in mosquito
control. Junk automobiles and Junk tyres were rated
significantly (P<0.05) as most common sources that
furnish breeding sites for mosquitoes (57.1%). Most
of the respondent came from states that have used
source reduction methods for mosquito control
(85.7%).
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Table 1: General Information on mosquito control
programs.

Attribute Yes No Total %
Primary responsibility to carry out mosquito control 
program
Local Government 12   2 14   85.8
Federal Government 1 13 14   7.1
*Others   1 13 14   7.1
Total 14 28 42 100.0
X2 cal. = 30.36, X2 5.99  SD Local Government
*This category included Mosquito Abatement Districts

Educational Level of mosquito control workers
Yes No Total %

Igh school graduate   4 10 14   28.6
High School/College 
Graduates

  6   8 14   42.9

College Graduate 3 11 14   21.4
No Response 1 13 14   7.1
Total 14 42 56 100.0
X2 cal. = 2.047, X2 tab = 7.8  No significance at 97% C. 
L.

Education of the community in conducting effective 
Mosquito control programs lies with 

Yes No Total %
Vector control specialist   2 12 14 14.3
Health Educators/Vector 
Control 
Specialists/Environmentalist

  9   5 14 65.3

**Others   3   4 14 21.4
Total 14 28 42 100.0
**Local Governments, program personnel, sanitarians, 
mosquito control program officers
X2 cal. = 30.36, X2 tab = 5.499  Significance difference 
on Health educators, vector control officers and 
environmentalists

Importance of a well-trained and well informed 
mosquito Control Staff

Yes No Total %
Very Important 13   1 14 92.9
No Response   1 13 14     7.1
Total 14 14 28 100.0
X2 cal. = 20.56, X2 tab = 3.8  Significantly important

Importance of informational and promotional efforts in 
mosquito control program

Yes No Total %
Very Important 8   6 14   57.2
Important 3 11 14   21.4
Moderate 2 12 14   14.3
No Response 1 13 14     7.1
Total 14 42 56 100.0

X2 cal. = 9.69, X2 tab = 7.6  Significantly important

Means of Communication Employed to Encourage 
Community Involvement in Mosquito Control 
Programs in order of Importance

Yes No Total %
Mass media such as 
newspapers, television

  7   7 14 *50.0

Schools 4 10 14   28.6
Civic Group 3 11 14   21.4
Total 14 28 42 100.0
*Std. Error = 13.5%

Attribute Yes No Total %
Do Voluntary Community Organizations help 
you in carrying out environmental clean-up 
Campaigns
Yes   8   6 14 *57.1
No   2 12 14   14.3
Uncertain   4 10 14   28.6
Total 14 28 42 100.0
*Std. Error  =  13.2%

Importance of adequate Manpower in the 
Organization of mosquito control activities

Yes No Total %
Very 
Important

  8   6 14 *57.2

Important   4 10 14   28.6
Moderate   1 13 14     7.1
No Response   1 13 14     7.1
Total 14 42 56 100.0
*Std. Error = 13.2%

Source of financial assistance for mosquito 
control program

Yes No Total %
Federal 
Government

  5   9 14   35.8

Agencies   4 10 14   28.6
Individuals   1 13 14     7.1
Local 
Taxes/Industries

  3 11 14   21.4

No Response   1 13 14     7.1
Total 14 56 70 100.0
X2 cal. = 5.74, X2 tab = 9.49  No Significance 
difference observed 

Ranking sources that can cause mosquito 
problems according to their importance

Yes No Total %
Water 
Management

12   2 14 *85.7

Reservoir 
Management

  1 13 14     7.1

Improper solid 
waste disposal

  1 13 14     7.1

Total 14 28 42 100.0
*Std. Error = 13.2%

The most effective naturalistic methods used 
in Mosquito Control

Yes No Total %
Drainage/water 
management

*10   4 14 71.4

Drainage and use 
of Mosquito Fish

    4 10 14 28.6

Total   14 14 28 100.0
X2 cal. = 5.1, X2 tab = 3.8  Significance 
difference observed

Sources that furnish breeding sites for 
Mosquitoes

Yes No Total %
Junk autos or 
Junk tyres

  8   6 14 *57.1

Stopped-up 
Street Drains

  4 10 14   28.6

**Other   2 12 14   14.3
Total 14 28 42 100.0
*Std. Error  =  13.2%

Has your state used source reduction (e.g. 
drainage etc.) as a method of mosquito 
control?

Yes No Total %
Yes 12   2 14 *85.7
No   2 12 14   14.3
Total 14 14 28 100.0
*Std. Error  =  9.3%

Table 2: Environmental Management of Mosquito
Control.
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4.0 Discussions

Mosquito control activities are important to public
health, and responsibility for carrying out these pro-
grams rests with state and local governments (WHO,
1980). According to the study, the respondents at-
tributed the local governments to have significance
responsibility (85.8%). The responsibility and au-
thority of sanitation and mosquito control should be
entrusted to local representatives. People in the ur-
ban areas are accustomed to having everything done
by a governmental agency and are not prepared to
do anything beneficial for the community.

The general educational level of the majority of mos-
quito control workers are high school and college
graduates (42.9%). There was no significant differ-
ence (P>0.05) in the educational attainment of mos-
quito control workers. Individuals with an under-
standing of the biology and control of mosquitoes
could supervise mosquito control programs. How-
ever, no state recorded educational levels below the
high school graduate level.

It is highly significant (P<0.05) that the combined
efforts of Health Educators, Vector Control Spe-
cialists and Environmentalists are needed to edu-
cate the community about ways and means of con-
ducting effective mosquito control. The implemen-
tation and maintenance of environmental manage-
ment works for mosquito control can be achieved
by educating and informing the community about
mosquito control actions, convincing them of their
relevance and ensuring their active participation.

A well trained staff can also give advice on a wide
variety of mosquito problems such as personal pro-
tection from mosquitoes, hence the high significance
(P<0.05) of a well-informed and well-trained mos-
quito control staff. A well trained staff is important
to the continued support of the public and elected
officials who allocate resources for mosquito con-
trol.

The importance of informational and promotional
efforts used in mosquito control was indicated by
57.2% of the respondents. It is very important that
all efforts must be made to make the public aware
of mosquitoes and motivate them to accept and as-
sist in mosquito control. Public understanding may

be facilitated, resulting in public participation in con-
trol activities.

The means of communication employed to encour-
age community involvement in mosquito control pro-
grams were ranked in order of importance as fol-
lows: mass media e.g., television, newspapers, ra-
dio followed by schools and civic groups. Public
awareness programs should be initiated and contin-
ued with the help of civic organizations, schools and
particularly the print and electronic media (National
Academic of Science, 1976).

57.1% of the respondents agreed that voluntary
community organizations, such as civic groups can
be involved in organized clean-up campaigns aimed
at environmental sanitation. Some environmental
management work such as filling and drainage can
be carried out by voluntary community organization
with technical and material support from the mos-
quito control service.

It is very important to have adequate manpower in
mosquito control programs as stated by 57.2% of
respondents. The most effective “manpower” is from
the co-operation and support of the general public
in reducing mosquito breeding places. There was
no significance difference (P>0.05) on the various
sources from which financial assistance are rendered
for mosquito control program. Enormous resources
are required for the effective control of malaria.

The major sources that furnish breeding sites for
mosquitoes in order of importance were ranked by
respondents as follows: Junk autos or Jun tires
(57.1%), stopped-up street drains (28.6%) swamps,
salt marshes, floodwater and stagnant water
(14.3%).

85.7% of the respondents commonly used “Source
Reduction” in mosquito control. Source reduction
method of mosquito control involves prevention of
mosquito breeding sites in and around dwellings by
filling ditches, borrow pits and holes where water
collect, proper disposal of automobile tyres and solid
wastes management. Source reduction methods are
generally considered to be more desirable because
they are permanent and effective.

Water management was considered the most impor-
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tant source that can cause mosquito problems as
shown by 85.7% of the respondents. Water resource
projects for generating electrical energy, irrigating
cultivable land, managing floods may result in pro-
viding breeding sites for disease vectors.

Water level management is the most effective activ-
ity employed in mosquito control and it is highly sig-
nificant (P<0.05) as indicated by (71.4%) of the
respondents. Mosquito production is generally as-
sociated with the absence of proper drainage sys-
tems.

5.0 Recommendations

In order for Nigeria to have an environment that will
discourage the breeding of malaria vectors and re-
alize its goal to reduce the problem of malaria by
50% by the year 2010, the author therefore recom-
mends the following measures to be considered by
Nigeria.
1. The most important principle in the control of

mosquito is environmental sanitation as reported by
100% of the respondents. Environmental manage-
ment is the first place to start when trying to reduce
mosquito population.
2. Awareness creation on the problems of malaria

in Nigeria must include health talks, interviews, News
commentaries, Documentary series, Jingles, Short
dramas, Town criers, Television commercials,
Newspaper cartoons and statistics should be used.
3. Environmental management that applies a multi-

sectoral approach involving everybody working
hand in hand to make the environment hostile to the
breeding of mosquitoes, thereby reducing the bur-
den of malaria by half by 2010.
4. Proper drainage system should be provided to

remove or eliminate unwanted water from land sur-
face or cope with high intensity rainfall or with ex-
cess water resulting from over-irrigation, marsh ex-
pansion or inundations.
5. Draining or filling up of ponds borrow pits, in-

termittent draining of irrigated areas and maintenance
of irrigation channels.
6. Organization of community clean up days to

make people living together to work on their envi-
ronment thus reducing the population of mosquitoes
in that area and the chances of getting malaria.
7. There should be more commitment in terms of

funding, manpower, materials needed on continu-

ous basis to ensure that the targets for mosquito
control programs are met.
8. There should be special training programs pro-

vided for mosquito control program staff to ensure
more efficient mosquito control operations.
9. Non-governmental Organizations should be en-

couraged to partner with the government in the fight
against malaria vector control.
10. Resources, particularly funds from partners and

international organizations should well managed and
coordinated.
11. Operational research, monitoring and evalua-

tion of the control program to assess the planning,
effective implementation and success of the mos-
quito control programs.
12. Environmental management measures are not

intended to replace other methods such as biologi-
cal control, chemical control and techniques applied
to control mosquitoes but rather to complement
these and provide for the development of “Integrated
mosquito control management” strategies.
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