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Suppression of Malaria in Tanzania with the Use of Medicated Salt *

by D. F. CLYDE, Associate Professor, Institute of International Medicine, University of Maryland School
of Medicine, Baltimore, Md., USA

Suppression of malaria by the use of chloroquine,
amodiaquine or pyrimethamine mixed with common
salt, and consumed as part of the normal diet, has
been attempted in several countries since Pinotti a, b
introduced the method in Brazil. Use of the method
in the Amazon region was terminated in 1961
without achieving its objectives.C It was found that
the chloroquine content decreased markedly when
the salt was stored for 3 months under the prevailing
conditions of high humidity.d In another area of
Brazil, the inhabitants of the island of Sao Francisco
do Sul, Santa Catarina, were more successfully given
various compounds of chloroquine in salt together
with tablets of chloroquine and primaquine.e The
most serious development in the Amazon region,
spread of Plasmodium falciparum resistant to chloro-
quine, which may or may not have been related
to.the distribution of medicated salt, did not occur
in Santa Catarina.

In West Irian in 1959, pyrimethamine was added
to salt and distributed free of charge through
official channels.f Within 3 months the development
of resistance by P. falciparum made it necessary to
change to chloroquine, but this drug failed to
interrupt transmission because it did not sufficiently
reduce the parasite reservoir in the youngest, most
heavily infected children, whose diet included little
salt.t The same sequence of events occurred in 1960
in Cambodia, where salt medicated with pyrimeth-
amine and supplied free of charge had to be
replaced in a year with chloroquinized salt, at

* This work received financial support from the World
Health Organization.
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successive concentrations of 0.3 %, 0.6% (objection-
able because of bitter taste), and again 0.3 %.

In Guyana from 1961 to 1965 chloroquine in
0.43 % concentration was added, together with the
drying agents tricalcium phosphate, to all salt being
sent inland, and in neighbouring Surinam the addi-
tion of amodiaquine has recently commenced.
Approximately 50 000 people received the medicated
salt in the hinterland of Guyana, parasites dis-
appearing within 6 months from 82% of the popula-
tion in the project area; in a sector bordering on
Brazil, however, the results were unsatisfactory
because of the continued illegal importations of
cheaper, non-medicated salt and the introduction of
malaria parasites, and a year later of chloroquine-
resistant P. falciparum which made it necessary to
terminate the project in this sector.h

In Africa, chloroquine mixed with salt was
distributed for some years through ordinary com-
mercial channels to 30 000 people in northern
Ghana, where malaria is holobndemic, but difficulties
in obtaining sufficient population coverage in an
area without a natural border ultimately proved
insurmountable. A scheme carried out among sugar
estate workers in Uganda has proved of limited
value only.' However, in the Kazerun region of
Iran, salt mixed with 0.33% chloroquine has been
taken by 95% of a nomadic population of 15000
since 1963, and this project continues to be
successful.J
The experience obtained from these trials has

shown that several factors are essential to the
success of an antimalarial medicated salt project.
More than 90% of the population should consume
the medicated salt (remembering that breast-fed
infants and often slightly older children receive
little if any dietary salt), the composition and
stability of the medicated salt must be maintained

A Giglioli, G., Rutten, F. J. & Ramjattan, S. (1967)
Bull. Wid Hlth Org. (in press).

i Hall, S. A. & Wilks, N. E.-unpublished; see WHO
Chronicle, 1967, 21, 122.

I Mofidi, C. M. H.-unpublished; see WHO Chronicle,
1966, 20, 416.
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TABLE 1
PREVALENCE OF MALARIA PARASITES AT MTO WA MBU

PRIOR TO MEDICATION OF SALT

|Number Crude Parasite Relative species prevalence a
Age-group of people I density p _ ______l_- _________

examined rae index P. falki- P. mala- P. vivaxl
parum riae P. ovale

0-11 months 34 64.7 5.1 95.5 18.2 9.1

12-23 months 74 68.9 5.3 98.0 39.2 9.8

2-5 years 91 76.9 4.0 100.0 51.4 11.4

6-10 years 180 71.7 3.1 97.7 24.8 1.6

11-15 years 84 65.5 2.3 100.0 9.1 0.0

16 years and older 243 24.7 1.4 98.3 6.7 0.0

a This is the percentage of each species in relation to total positive cases (there were many
mixed infections).

during storage under humid climatic conditions,
and malaria parasites resistant to the drug must not
appear. The passage of legislation to ensure exclusion
of non-medicated salt, such as was provided in
Guyana, may, however, not be feasible in many
countries.
As a result of experience gained in laboratory and

field, it appears that, where dietary salt intake
among adults is about 10 g, the optimal proportion
of chloroquine base is 0.3 %.k Pinotti et al.1 reported
that daily doses of 30 mg (but not 10 mg) base of
chloroquine given for 1-3 months freed Brazilian
patients of P. malariae and P. vivax parasitaemia.
Infection by the latter parasite was suppressed with
salt containing chloroquine in the amount of 300 mg
base weekly, in controlled trials conducted by
Coatney et al.m in non-immune subjects. All
species were suppressed for more than 2 weeks
among semi-immune East Africans to whom
chloroquine was administered in a single dose of
120 mg base n, or in doses of 37.5 mg on each of
four consecutive days.o
Site of the Tanzania medicated salt project

Selection of the site. The site for the medicated
salt project in Tanzania was selected to comply

k WHO Technical Meeting on Chemotherapy of Malaria
(1961) Wid Hlth Org. techn. Rep. Ser., 226.

1 Pinotti, M., Soares, R., Monte, R., Paulini, E. &
Vinha, C. (1955) Rev. bras. Malar., 7, 25.

m Coatney, G. R., Mickelsen, O., Burgess, R. W.,
Young, M. D. & Pirkle, C. 1. (1958) Bull. Wid Hlth Org.,
19, 53.

n Clyde, D. F. (1961) Amer. J. trop. Med. Hyg., 10, 1.
o Clyde, D. F., Mzoo, F. M. & Mluba, S. (1964) Bull.

Wld Hlth Org., 30, 135.

with two requirements: (a) the incidence of malaria
should be typical of that prevailing in the country,
that is, holoendemic, and (b) the entire supply of salt
should be susceptible to control and medication
before being sold through normal commercial
channels at no extra cost. One of the few places in
Tanzania fulfilling the second condition was found
in the Arusha region. The compact settlement of
Mto wa Mbu (" Mosquito River ") contained some
2200 permanent residents at the beginning of the
scheme and 3000 at the end, almost all of whom
were of Bantu stock. In addition to this settled
population, nomadic Masai from the plains and
inhabitants of the nearby highlands frequently
visited Mto wa Mbu, where there were at the time
of the project shops, a dispensary serving the whole
district and a primary school. The settlement,
isolated to the south by Lake Manyara and an
uninhabited game reserve, to the north and east by
arid savanna and immediately to the west by the
sheer wall of the Rift rising 5000 feet (1500 m), is
itself connected by an all-weather road to the regional
capital, Arusha, 70 miles (113 km) to the north-east.

Incidence of malaria. The residents of Mto wa
Mbu were, with few exceptions, Bantu of lowland
tribes who had acquired in their childhood a marked
degree ofimmunity to malaria. Some first-generation
immigrants from above the Rift wall, where malaria
is seasonal or absent, were found to be initially less
immune, as were the nomadic Masai who inhabited
temporary camps on the periphery of the settlement.
The prevalence of malaria at Mto wa Mbu prior to
use of medicated salt is shown in Table 1.
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The parasite rates and density indices P among
different age-groups, characteristic of the holo-
endemic pattern found in the lowlands of Tanzania,
showed only a slight seasonal variation. It is
apparent that the greatest densities occurred among
small children, the only group receiving little if any
salt in the diet.
The sporozoite rate of gravid Anopheles gambiae

prior to the use of medicated salt was 3.1 (484
dissections) and of A. funestus 5.9 (273).

Provision of medicated salt during the trial

Supply and consumption of salt. The salt con-
sumed at Mto wa Mbu was supplied to the shops
through a single wholesale merchant in Arusha. It
varied in particle size from small granules to lumps
of half a centimetre in diameter, was grey in colour,
and slightly moist; some was soda salt from Lake
Magadi in Kenya, but most was sea salt. After
dispatch to the retail traders by road, in unlined
jute sacks each containing 70-100 kg, it sometimes
stood for as long as 6 months in the shop before
being sold. Little if any was used for purposes other
than direct dietary consumption by the inhabitants.
The average quantity sold daily at the beginning of
the scheme was 16.8 kg and at the end 25.2 kg,
90% being purchased by permanent residents.
Allowing for wastage, it was estimated that each
adult at Mto wa Mbu consumed 7.6 g of salt daily
and each child 4.3 g, although the latter quantity
varied with age, breast-fed infants receiving none
and children up to 2 years old very little.
Mixing and storage of medicated salt. During the

first 42 months of the scheme, sacks of salt provided
by the wholesale merchant in Arusha were taken
periodically to the local health office, where the
lumpy salt was manually crushed under hygienic
conditions. By a process of layering and shovelling,
the salt was then mixed with a preparation of chloro-
quine diphosphate coated with cetyl-stearyl alcohol
to minimize leaching (Comosal; Imperial Chemical
Industries Limited), the object being to obtain a drug
concentration in salt of 0.3 % of the base. Random
samples were taken after each mixing for chemical
analysis.
The medicated salt was then returned in the same

jute sacks, now specially marked, to the wholesale
merchant to await transportation to Mot wa Mbu,
where it was sold at the prevailing price of untreated

P Bruce-Chwatt, L. J. (1958) Trans. roy. Soc. trop.
Med. Hyg., 52, 389.

salt. In the first year of the scheme the medicated
salt was returned in unlined jute sacks, but dimi-
nution of chloroquine content upon storage led to
the use during the second and much of the third
year of plastic containers within the sacks. When
it was found that this did not prevent apparent loss
of chloroquine, and the cause was finally established
as leaching due to excessive moisture content of the
salt before addition of the drug, subsequent supplies
of salt were sun-dried immediately before mixing
with chloroquine, and were then returned in unlined
sacks to the wholesale merchant for despatch to
Mto wa Mbu.
During the 42 months that salt was mixed manually

at Arusha, a total of 32 537 kg was provided from
11 mixing sessions, the cost of labour and super-
vision being £290 (USS812), of mixing equipment
such as shovels and sieves £65 (US$182), and of
chloroquine premix delivered at Arusha £1420
(US$ 3976). During the last year and a half of the
scheme, salt mixed with the same commercial
preparation of chloroquine at a factory in Nairobi,
Kenya, was distributed to the shops at Mto wa Mbu.
The average annual cost of the finished product,
ready for sale at the normal commercial price of
salt in the local shops, proved to be almost exactly
4 East African shillings (US$ 0.56) per inhabitant
of Mto wa Mbu.

In order to accustom the conservative population
of Mto wa Mbu to the use of the finer grade of salt
required for medication, for some time before the
introduction of medicated salt the lumps of salt
being routinely supplied were crushed and finally
reduced to the small particle size of the medicated
salt. This procedure, together with the wide publicity
given to the project and its health aspects, ensured
acceptan,ce of the medicated salt; indeed, the
popularity of the project contrasted remarkably with
the apathy encountered when short-lived campaigns
of larviciding, residual spraying and direct drug
treatment had been attempted at Mto wa Mbu in
the past.

Leaching of chloroquine in sto,ed salt. The
acceptable range of variation in chloroquine content,
0.275 %-0.325 %, was not achieved with the first
two methods of medicated salt production and
storage described above. The probable cause,
leaching of chloroquine due to excessive moisture
content of the salt provided for mixing at Arusha,
was not easy to demonstrate, interval sampling at
different levels in sacks in use at Mto wa Mbu
giving conflicting results. Marked variations in
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humidity at Mto wa Mbu resulted in salt in unlined
sacks at some seasons remaining moist for many
weeks, leaching continuing unimpeded, and at other
seasons drying out rapidly, bringing leaching to a
halt; the salt packed in plastic bags within the sacks
continued to leach irrespective of the climatic
conditions because moisture had been sealed in
with it at the time of mixing. Salt delivered dry to
Mto wa Mbu, however, remained in that state
even at seasons of greatest humidity.
The apparent inconsistencies were aggravated by

a tendency of the glutinous coating on particles of
the active agent to cake, resulting in conglomeration
of the drug in irregularly distributed lumps. A small
amount of chloroquine was lost mechanically
during the mixing process. Loss due to chemical
action of the markedly alkaline salt upon chloro-
quine did not, however, appear to occur, nor were
stocks of medicated salt diluted or adulterated by
traders.

It was concluded that the principal cause of loss
of chloroquine in stored medicated salt was leaching,
particularly marked when moisture was sealed in
with the salt in plastic containers. Abrasion of the
cetyl-stearyl alcohol coating of the chloroquine
during mixing may have facilitated leaching, although
the coating when unbroken tended to cause caking
because of its glutinous state. A small additional
loss occurred through dispersion of particles of the
drug on air currents during weighing and application,
and through adherence to the mixing equipment.
The problem was eventually solved by drying the
salt, thus reducing the water content below 2.0 %,
before the eighth and subsequent mixes were
undertaken.

Consumption of medicated salt. The consumption
of medicated salt by the inhabitants of Mto wa Mbu
was assessed on the basis of sales, by the effect on
parasitaemia, and to a small extent through esti-
mation of chloroquine content in specimens of
urine. Collection of urine conflicted strongly with
superstition, and proved so unpopular that it was
soon terminated lest more important aspects of the
project be jeopardized. Except for a few urine
analyses made late in the trial, when the question of
drug resistance arose, the tests took place during
the first 6 months of use of medicated salt and
revealed the following:

Subjects aged 12-24 months : in 6 samples, 4 contained
no chloroquine and 2 very small amounts (less than
0.5 mg/100 ml).

Subjects aged more than 24 months: in 242 samples,
39 contained no chloroquine, 21 very small amounts and
182 larger amounts (0.5 mg/100 ml and more).

Parasitological and clinical progress of the trial

Haematological and entomological examinations
were made at intervals following the introduction of
medicated salt at Mto wa Mbu, and the clinical
records of the local dispensary were assessed.

Parasite rates. The crude parasite rates found
after 3, 6, 9, 14, 18, 24, 36, 41, 44 and 53 months of
treatment with medicated salt are shown in Table 2.
As will be appreciated, it proved difficult to be certain
that every person examined was a true resident of
Mto wa Mbu, or had not recently been away visiting
surrounding areas where malaria was unabated.

Parasite densities in the small number of people
remaining infected were generally low. Despite the
presence of parasites of all species prior to provision
of medicated salt, the infections indicated in Table 2
were attributable to P. falciparum with the following
exceptions: at 6 months scanty P. vivax in a boy
aged 12 years newly arrived in Mto wa Mbu; at
18 months P. malariae in a child aged 1 year; and at
53 months scanty P. malariae in a boy aged 8 years.
A proportional increase in gametocytes was observed
at 3 and 6 months; some were probably relics of
infections the asexual stages of which had yielded
to chloroquine, while others may have represented
a response to what would initially have been a
subtherapeutic dosage in some people.

It is apparent in Table 2 that the parasite rates
among children aged less than 2 years, breast-fed
or traditionally receiving a fluid diet without salt,
fell more slowly than did those of older people.
The low levels found among the latter at 3 months
of treatment were only reached by small children
after 9 months had elapsed, by which time they may
have been treated individually at the dispensary.
In the project commencing in Iran a year later,
administration of medicated salt gave similar results,
parasite rates taking 10 months to fall to low levels
among the very small children not customarily
consuming salt.J

Thereafter at Mto wa Mbu, examination during
the first 24 months of the trial sometimes revealed
one or two infections in a particular age-group, and
none in another, but no consistent pattern was
apparent. These infections were not drug-resistant,
responding promptly to doses of 150 mg or 300 mg
chloroquine given in tablet form.
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PARASITE RATES AT MTO WA MBU
TABLE 2

AT INTERVALS FOLLOWING THE INTRODUCTION OF MEDICATED SALT

Number of months after introduction of medicated salt
Age-groups 3 1| 6 1 9 14 18 [ 24 [ 36 [ 41 a | 44 a 53

0-11 months
No. 22 21 21 36 35 29 2 24
Rate (%) 22.7 19.0 4.8 0.0 2.9 3.4 0.0 4.2

12-23 months
No. 42 27 30 53 42 36 6 37
Rate (%) 7.1 18.5 0.0 1.9 2.4 0.0 0.0 2.7

2-5 years
No. 58 48 31 74 67 52 26 34 45
Rate (%) 0.0 2.1 3.2 1.4 4.5 0.0 7.7 0.0 0.0

6-10 years_
No. 112 61 133 104 79 85 97 92 148 110
Rate (%) 4.5 3.3 2.3 1.0 1.3 3.5 4.1 19.6 2.0 2.7

11-15 years
No. 107 49 56 74 65 71 69 62 28 66
Rate (%) 3.7 8.2 0.0 1.4 3.1 2.8 4.4 12.9 10.7 3.0

16 years and older
No. 196 301 124 263 262 150 39 161
Rate (%) 7.1 2.0 2.4 0.8 2.3 1.3 0.0 1.2

a Examinations of thick films covered fields containing 2000 leucocytes (0.25 mm' blood) at 41 months after introduction of
medicated salt, and 4000 leucocytes (0.5 mm3) at 44 months, in contrast with the other examinations, in which 500 leucocytes were
counted routinely.

Less satisfactory results were obtained from a
parasitological examination made 36 months after
commencement of the project, however, and an
independent assessment was made 5 months later.
Using the more sensitive method of examination
described in the footnote to Table 2, parasite rates
among children were found to be considerably
higher than those found since the first issue of
medicated salt. The resurgence of parasitaemia was
attributed to imperfections in the supply and con-
sumption of medicated salt, in particular the tempo-
rary availability of a sack of non-medicated salt,
coupled with increased mobility of the juvenile
population, adolescent boys and others leaving the
protection of the settlement for several days and not
taking medicated salt. The 28 children found to be
infected were, however, screened for chloroquine-
resistant P. falciparum. Direct administration of
chloroquine (9.4-13.0 mg base per kg of body-
weight) cleared almost all trophozoites within the
5-day observation period, the very few rings that
remained showing signs of degeneration. Chloro-
quine appeared in the urine of those children who
permitted such an examination.

A more extensive study was made 3 months later,
that is, 44 months following commencement of the
project. In the interval between the two surveys,
deficiencies in the distribution of the medicated salt
had been corrected. The only exception to the very
low parasite rates shown at 44 months in Table 2
was in the age-group 11-15 years, and here it was
estimated that use of the less meticulous standard
of examination of thick films (containing 500
leucocytes) would have revealed a rate of 3.6, two
of the three positive films showing only single
trophozoites in fields containing 4000 leucocytes.
When the infections were followed, all trophozoites
were found to have been cleared within 3 days of
the direct administration to the carriers of a single
dose of chloroquine, and were absent 7 and 14 days
later; chloroquine appeared in the urine of these
subjects.
The final parasitological survey, carried out 53

months after medicated salt was first sold at Mto wa
Mbu, revealed uniformly low parasite rates in
all age-groups of the population.

Sporozoite rates. At 3, 6, 9, 14, 18 and 24 months
gland dissections of A. gambiae and A. funestus, in
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samples of 110-368 gravid mosquitos, failed to
reveal sporozoites.

Dispensary attendances. The small dispensary at
Mto wa Mbu served an area considerably larger
than that involved in the medicated salt project,
during the years 1961-66 the average monthly first
attendances for all disease conditions including
" fever" having been 1165 (range 750-1420). Some
30% of the patients were aliens, and some of the
remainder were residents just returned from visits
elsewhere, but it was difficult for the dispenser to
distinguish reliably between these categories. The
incidence of "fever ", a diagnosis that often em-
braced infections other than malaria, may be
summarized from the records:

(1) Before the trial (period of 12 months immediately
preceding provision of medicated salt): the average
monthly percentage of "fever " cases to those of all
diseases from January to December 1961 was 30.4
(range 25.0-39.5).

(2) During the trial (periods of 12 months during the
time medicated salt was in use): the average monthly
percentages of "fever" cases from January to December
1962-65 and from January to June 1966 were as follows:

1962: 14.2 (range 13.1-15.2)
1963: 12.9 (range 9.3-15.6)
1964: 10.6 (range 8.8-12.4)
1965: 10.3 (range 8.4-11.9)
1966: 10.4 (range 8.3-12.5)

Although the well-known limitations of dispensary
records will be kept in mind in evaluating these data,
it is apparent that a sudden decline by half in the
number of cases of "fever" occurred within a
month of the provision of medicated salt. This
decline was equally noticeable among the three
age-groupings-adults, schoolchildren and preschool
children.

Discussion

At Mto wa Mbu, two prerequisites to the success
of an antimalarial medicated salt campaign existed
-namely, a normal dietary intake of salt by the
inhabitants, and the ability of the health service to
control and treat all salt supplies entering the area.
The campaign continued to be a success because drug
resistance did not arise.
Another prerequisite, the co-operation of the

population, was obtained. The acceptability to an
unsophisticated, largely peasant population of a
preventive medical campaign is enhanced when

there is a minimum of interference with the habits
of the community, although this may-limit the depth
of the scientific investigation. Antimalarial salt
proved popular at Mto wa Mbu largely because
little in the way of active participation was demanded,
prejudices against certain types of tests were respected
and the beneficial results were quickly apparent even
to the most sceptical: more direct methods of
malaria control attempted previously, including
direct chemotherapy and residual spraying, did not
have all these advantages.
The results of the trial have been sufficiently good

to suggest that the reduction of the sporozoite rate
to zero accurately reflected the decrease of malaria
transmission in Mto wa Mbu, although a temporary
resurgence of parasitaemia occurred before a small
supply of non-medicated salt was detected. Follow-
ing the gradual subsidence of infections in breast-fed
infants and small children whose diet was customarily
free of salt, only an occasional parasitaemia, usually
in low density, was found among the population.
These infections appeared to be imported, and not
attributable to inadequate dosage or to drug re-
sistance within the area of distribution of the
medicated salt.
The question of inadequate dosage did, however,

arise because of the undoubted lass, mainly through
leaching, of one-quarter of the chloroquine in the
salt stored from the first seven mixes. The effect of
this loss was that the weekly adult dose might have
fallen from 160 mg to 128 mg (base). It was known,
nevertheless, that this was still substantially greater
than the dosage of 120 mg every 2 weeks found
sufficient to protect East Africans having the ad-
vanced degree of immunity of those at Mto wa
Mbu.n Only if the consumption of salt decreased by
half, or (as briefly occurred mid-way through the
trial) if non-medicated salt was utilized, would the
dosage of chloroquine become subtherapeutic, but
consumption in fact improved steadily over the
5-year period of the trial.

Conclusion

It has become apparent that experienced workers
differ widely in their conclusions regarding the
place of medicated salt in malaria eradication
campaigns, although most agree upon the advantages
of a method that does not subject the people to the
discipline of regular administration and supervised
ingestion, and is more economical in respect of
staff and supplies than direct chemotherapy or
residual spraying. The results of this trial, limited in

967



968 NOTES

scope and held in an area carefully selected for
suitability, have shown that medicated salt can be
used successfully by itself under holoendemic con-
ditions; Giglioli and his associatesh came to the
conclusion that it should only play a part in the
final stages of the eradication campaign after trans-
mission had been greatly reduced by more orthodox
means; others have dismissed the method entirely
on the grounds that total population coverage is
impossible to achieve, owing to deficiencies in the
control or consumption of salt, or that drug-resistant
parasites are likely to emerge and proliferate.

* *

This trial has involved the co-operation for five years
of the inhabit-ants of Mto wa Mbu. The principal
members of the Tanzania Ministry of Health who
assisted in the work were Mr A. S. Msangi (entomology),
Mr H. G. Bilcliffe (medicated salt supply) and Mr F. M.
Mzoo (parasitology), while Dr and Mrs S. Avery Jones
kindly made independent assessments 41 and 44 months
after the start of the scheme. I am also grateful to
Mr N. Wright of Imperial Chemical Industries Limited
and Dr T. E. Fletcher of the East African Institute of
Malaria and Vector-Borne Diseases for analysis of the
medicated salt.

Study of the Dispersion and Flight Range of Anopheles sergenti Theo.
in Siwa Oasis Using Radioactive Isotopes as Markers*

by ALBERT A. ABDEL-MALEK, Ph.D., Professor of Insect Ecology and Head of Department of Entomology,
Faculty ofScience, Cairo University, Giza, Egypt, UAR, and MOTAMED A. ABDEL-AAL, Demonstrator, Depart-
ment of Radiobiology, United Arab Republic Atomic Energy Establishment, Inshes, Egypt, UAR

The extent of dispersal and the flight range of ano-
pheline mosquitos are of direct importance in anti-
malaria operations. The use of radioactive isotopes
in the study of dispersion of mosquitos in Africa was
pioneered by Bugher & Taylor,a who released large
numbers of Aedes aegypti labelled with phospho-
rus-32 and strontium-89 and recovered them up to
a maximum distance of 0.75 miles (1.2 km). Bruce-
Chwatt b reviewed the use of radioisotopes in malaria
research and added some previously unpublished
information on the use of this method in Africa.
Bruce-Chwatt & HaywardC produced autoradio-
graphs with 32P-labelled Ae. aegypti adults and recom-
mended the use of autoradiography for studies such
as the investigation of the range of flight of insects,
especially in areas where electronic equipment is not
available. This technique was successfully used in
the field by Gillies,d who studied the dispersion and

* A study undertaken with the help of the United Arab
Republic Atomic Energy Establishment and financially as-
sisted by the World Health Organization.

a Bugher, J. C. & Taylor, M. (1949) Science, 110, 146.
b Bruce-Chwatt, L. J. (1956) Bull. Wld Hith Org., 15, 491.
c Bruce-Chwatt, L. J. & Hayward, J. (1956) Nature (Lond.),

177, 661.
d Gillies, M. T. (1961) Bull. ent. Res., 52, 99.

survival ofAnophelesgambiae in East Africa by means
of marking and release experiments using 32P and
"5S. The mean flight range of females was estimated
to be 0.64 mile (1 km) and of males 0.52 mile (0.8
km). Individuals of both sexes were caught at the
maximum range of 2.25 miles. Quraishi e released
32P-labelled Anopheles stephensi and showed that
both males and females of this species were capable
of flying a distance of 4.3 km. He also found that
both sexes could fly 1.8 km overnight from the point
of release.f

Little is known at present about the movements
or flight range of mosquitos in arid regions. Ano-
pheles sergenti Theo. is the malaria vector in the oases
of the United Arab Republic. Shapiro et al.,9 study-
ing the flight range of An. sergenti in Palestine by
the release and recapture of gold-stained adults,
recovered one specimen. at a distance of over 4

e Quraishi, M. S. (1964) Study offlight range and length
of gonotrophic cycles in Anopheles stephensi using P$F. In:
The role ofscience in the development of natural resources with
particular reference to Pakistan, Iran and Turkey: a sympo-
sium held under the auspices of CENTO Scientific Council,
Lahore, New York, Pergamon, p. 426.

f Quraishi, M. S. (1965) J. econ. Ent., 58, 821.
g Shapiro, J. M., Saliternik, Z., & Belferman, S. (1944)

Trans. roy. Soc. trop. Med. Hyg., 38, 95.
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