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pour le plasma, par la methode titrnmetrique de
Morand & Laborit.4 La concordance est tres bonne
pour les valeurs normales (± 10% et moins), mais
les ecarts s'accentuent pour les valeurs extremes,
sans toutefois depasser ± 25%. Ceci est d'ailleurs
confirme par une etude recente comparant quatre
methodes differentes de dosage.e

d Morand, P. & Laborit, H. (1947) Presse me'd., 131
e Yip, G. & Cook, J. W. (1959) J. Assoc. off. agric.

Chem., 42, 194

Cependant, comme il n'existe pas encore actuel-
lement de normes ni d'unites internationales expri-
mant le pourcentage normal d'activite enzymatique
du sang, et que les facteurs utilises par Michel sont
sujets a discussion (surtout pour le plasma), il peut
etre utile pour le lecteur de convertir nos resultats
(exprimes en %) en ApH/Hr (variation de pH par
heure) pour lui permettre une comparaison plus aisee
avec d'autres publications. Dans ce but, il suffit de
multiplier nos chiffres respectivement par 0,00703
pour le plasma, et 0,00753 pour les hematies.
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Malaria control operations in the Arakan region
of Burma were inaugurated in the year 1951 by the
Government of the Union of Burma in collabora-
tion with the ECA mission of the United States
Government. Though, in the coastal areas of this
region, only Anopheles annularis had previously been
found in the infective stage on some occasions, a, b
A. sundaicus, which is widely prevalent all along
the coastal areas of Burma, was also suspected of
complicity in malaria transmission in spite of
negative dissections. Fox c thought that, though
not a vector of regular annual importance, A.
sundaicus was responsible for sharp local outbreaks
in this area in different years at different places.
Tyssul Jones d remarked on the basis of indirect
epidemiological evidence that A. sundaicus might
be the primary vector in Ramree Island in this
region, rather than A. annularis, as previously
observed.e When malaria control operations were
later started in the region, A. sundaicus was there-
fore considered important_enough to be included

a Lalor, N. P. O'G. (1913) Malaria inKyaukpyu, Rangoon,
Government Press

b Feegrade, E. S. (1924) A report on malaria at Akyab
(manuscript in possession of Office of the Director of Public
Health, Burma)

c Fox, D. G. R. (1949) The anopheline mosquitoes ofBurma,
Cambridge (Thesis)

cl Tyssul Jones, T. W. (1950) Indian J. Malar., 4, 239
e The vectors in the hill tracts of this region are A.

minimus (Macan & Watson, 1944, quoted by Fox, 1949)
and A. jeyporiensis (candidiensis ?) (Macan, T. T. (1948)
Bull. ent. Res., 39, 265).

in the list of local vectors. The method of control
adopted was indoor residual spraying with DDT in
the form of water suspension sprayed at 2 g technical
DDT per square metre in a single application
annually.

Routine susceptibility tests carried out during
1957 indicated that, of the local vectors, A. sundaicus
developed a very marked increase in its tolerance
to DDT,f though it was still normally susceptible
to dieldrin. 9, h DDT was therefore replaced in
this region by dieldrin with effect from 1958. Diel-
drin was used in the form of a water suspension
sprayed at a dosage of 0.5 g technical dieldrin per
square metre, repeated at annual intervals.

Dieldrin has already been shown to be toxic to
spraymen and some domestic animals in several
countries.i Even one such case of accidental poison-
ing among spraymen in this region might induce
others to quit and thereby paralyse the whole spray-
ing programme. If dieldrin were to affect domestic
animals such as fowls and cats (as it is known to
be capable of doing), it would become unpopular
among the public-an eventuality to be avoided at

f Susceptibility tests carried out on A. sundaicus during
1956 showed that it was then normally susceptible to DDT.
The tolerance observed in the next year, which was of a high
degree, was thus not a gradual process.

g Delphin, F. (1957) In unpublished document WHO
information circular on the resistance problem, No. 9

h Sundararaman, S. (1957) In unpublished document
WHO information circulai on the resistance problem, No. 9

i Hayes, W. J., jr (1959) Bull. Wld Hlth Org., 20, 891
886c
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any cost. It was therefore decided to enforce strict
precautionary measures among the spray squads,
in order to minimize the risks, if not to avoid them
altogether. The precautionary measures enforced
are detailed below.

Protective clothing was supplied to each spray-
man, consisting of a helmet, a nylon cape, and a
pair of rubber gloves.
During 1958, owing to late arrival of aluminium

helmets, locally made bamboo topees overlaid with
plastic material were supplied instead. These hats
were, however, found to last not more than two to
three months and some of them had to be replaced
during the spraying campaign. Aluminium hats
were supplied in 1959 and are giving very satis-
factory service.

All supervisory field staff-malaria assistants,
malaria inspectors and supervisors (squad leaders)-
were clearly told of the dangers involved in handling
and spraying dieldrin and measures to avoid such
dangers were explained. The use of protective
clothing was also demonstrated to them.

All labourers and some of the supervisors in this
region are employed temporarily for the duration
of the spraying campaign (February-April) and are
discharged as soon as the campaign is concluded.
Though many of these workers offer themselves
for re-employment during the succeeding campaigns,
about 25% are newcomers and need to be trained
not only in spraying techniques but also in the
avoidance of toxic hazards. The instructions issued
to them in this connexion may be summarized as
follows :J

" In order to avoid toxic hazards among spray-
men it is necessary that spraymen must (a) clearly
understand the risk involved in handling dieldrin,
(b) wear protective apparel throughout duty hours,
(c) wash their clothes and bathe with soap and water
at least once daily and preferably twice, (d) wash
their hands and mouth if they want to eat or smoke
during working hours, and (e) not work for more
than eight hours a day.

" Cats and chickens have been observed to be
susceptible to dieldrin in certain areas. Casualties
among them may be minimized by segregating them
for a period of three to four days after spraying and
allowing them back in the house after the house is
cleared of all dead insects, etc."

i It should be noted that washing soap is supplied free
to spraymen. While spraying, the spraymen walk barefooted
as people are prohibited from entering Burmese houses with
shoes on. However, they wash their feet before entering the
house.

PARTICULARS OF ARAKAN MALARIA ERADICATION
CAMPAIGN, 1958-59

1958 T 1959

No. of malaria supervisors 64 64

No. of spraymen employed 256 256

No. of houses sprayed 175 931 231 545

No. of outhouses sprayed 18 582 31 632

Total houses and outhouses
sprayed 194 513 263177

Population protected 883 779 1 147 121

Amount of 50 % dieldrin water-
dispersible powder used 3 285 kg 4 089 kg

Amount of 50 % dieldrin water-
dispersible powder used per
structure 166.0 g 155.3 g

Amount of 50 % dieldrin water-
dispersible powder used per
head of population 36.6 g 36.6 g

Period of spraying 3 months 3 months

No. of man-days 19728 20254

No. of structures sprayed per
sprayman per day 9.8 13.0

Two annual spray campaigns, 1958 and 1959,
have now been completed; details of the spraying
operations are given in the accompanying table.
A very high standard of discipline was maintained

throughout the two spraying periods in order to
ensure that all precautionary measures were ob-
served. In no case was a breach of this discipline
reported.
The authors are able to report that during neither

year have there been any cases of poisoning among
spraymen or casualties among domestic animals.
This gratifying report may be due, so far as it
relates to spraymen, to (a) the high standard of
discipline enforced on labourers in the observance
of all precautionary measures, or (b) the exposure
of spraymen to dieldrin being limited to a relatively
short period of three months followed, in a majority
of cases, by a long period of nine months of non-
exposure, or (c) a combination of both the factors.
In view of recent reports (1959) from Trinidad,k
absence of casualties among chickens and other
domestic animals cannot be ascribed solely to the
precautionary measures observed, though, in this
particular instance, such measures might have
helped in minimizing the risks.

k Unpublished WHO document Mal/Inform/49
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The following further measures are, in the opinion
of the authors, worth consideration:

(a) Face masks made of nylon netting may be
supplied to labourers to further reduce the area of
exposure.

(b) In this region the weather is rather cold in
February and pleasant in March but very hot and
humid in April and May. Labourers, therefore,

find the use of the protective clothing described
above pleasant in February and tolerable in March,
but intolerable afterwards, when they greatly prefer
to work without capes, relying on twice-daily
bathing for safety.

(c) Light nylon socks are recommeded for
spraymen as they may enter houses when wearing
socks though not shoes.

The Larvicidal Effect of Phenylthiourea against Resistant and Susceptible
Housefly Strains
by A. S. TAHORI,a Department of Entomology, University of Illinois, Urbana, Ill. USA

The use of toxicants negatively correlated to one
another in regard to resistance has been suggested to
control resistant insect populations.b Since one
compound would be effective against individuals
resistant to another, all resistant individuals would
soon be eliminated.

Recently three such compounds have been pro-
posed. Diisopropyl tetrachlorophosphate was found
to be more toxic to a DDT-resistant housefly strain
than to a susceptible one.c Unfortunately, a repeti-
tion of these experiments with other strains showed
no such correlation.d

Cetyl bromoacetate was twice as effective against
resistant strains as against two susceptible ones.e
However, Keiding,f repeating these experiments with
several Danish strains, could find no negative
correlation between tolerance to cetyl bromoacetate
and resistance to DDT, y-BHC (Lindane), and
diazinon. His results even suggest a positive correla-
tion. Bettini et al.g also could not find any negative
correlation between resistance to chlorinated hydro-
carbons and cetyl bromoacetate.

a Andre Mayer Fellow of the Food and Agriculture
Organization of the United Nations for 1959. Permanent
address: Israeli Institute for Biological Research, Ness-
Ziona, Israel.

b Busvine, J. R. (1957) Trans. roy. Soc. trop. Med. Hyg.,
51, 11

c Mitlin, N., Babers, F. H. & Barthel, W. F. (1956)
J. econ. Ent., 49, 544

d C. W. Kearns-personal communication
e Ascher, K. R. S. (1958) Bull. Wld Hlth Org., 18, 675
f Keiding, J. (1958) Indian. J. Malar., 12, 453
g Bettini, S., Boccacci, M. & Natalizi, G. (1958) Indian.

J. Malar., 12, 447

Ogitah has shown that DDT-resistant strains of
Drosophila melanogaster were more susceptible to
phenylthiourea (PTU) than susceptible ones. He
found the gene for PTU susceptibility to be
located in the same gene allele as DDT resistance.
It was of interest to determine whether these findings
applied to another insect as well.
PTU is not an effective larvicide. Minaeff &

Wright i report that fabrics treated with a 2%
solution of PTU in acetone protected them against
larvae of the webbing clothes moth, Tineola bisellialla.
Bushland i showed that PTU was effective against
newly hatched larvae of the screw-worm, Cochlio-
myia americana, only at concentrations of 1700-3000
p.p.m.; and Hoskins et al.,k working with larvae of
the fleshfly, Lucilia sericata, found that PTU pro-
duced a mortality of only 73 % even at a concentra-
tion as high as 31 250 p.p.m.
PTU did not kill any adult flies by topical applica-

tion of concentrated solutions or by residual tests.
It was therefore incorporated into the larval medium.
Housefly larvae were reared by the Peet-Grady
method I at 24°C and 60% relative humidity. One-
tenth of a millilitre of fresh fly eggs was added to
160 g of rearing medium in a one-pint, wide-mouth,
Mason jar. The number of pupae developing

h Ogita, Z. (1958) Botyu-Kagaku, 23, 188
i Minaeff, M. G. & Wright, J. H. (1929) Industr. Engng

Chem., 21, 1187
Bushland, R. C. (1940) J. econ. Ent., 33, 669

k Hoskins, W. M., Bloxham, H. P. & Van Ess, M. (1940)
J. econ. Ent., 33, 875

1 Soap blue book, 1947, New York, McNair Dorlund,
p. 205
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