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Measurement of Insecticides for House Spraying
HUMBERTO ROMERO ALVAREZ 1 & RAFAEL MIRANDA FRANCO 2

In view of the economic and operational importance in malaria eradication campaigns
of correctly measuring the insecticides used, tests have been made in Mexico to compare
the accuracy of two manual procedures, one volumetric and the other gravimetric. For
volumetric measurement a calibrated, metal measuring-can of sheet metal is used, andfor
gravimetric measurement a specially designed Roman balance. Altogether 1022 volumetric
and 1411 gravimetric tests were made. The results, given in this paper, show that the
volumetric measurement entails too great a margin of error to be acceptable, but that the
Roman balance is both sufficiently accurate and practical and economical.

At the time of the establishment of the National
Commission for the Eradication of Malaria in
Mexico (CNEP) in December 1955 it was decided,
in principle, to carry out the measurement of
insecticides in the field; that is to say, it would be
done at the brigade level, by the individual spray-men
(a brigade consisting of four or five spray-men).
The success of an eradication programme requires

the application of insecticides at the correct dosage.
The accurate measurement of the determined amount
of insecticide therefore assumes extraordinary
importance. The economic aspect of insecticide
consumption is no less important than the technical
and operational aspects. Quantitative variations,
no matter how small, might represent great losses
in Mexico, where approximately 6 400 000 house-
sprayings will have been done by the end of 1959
with an estimated consumption of 3 400 000 kg of
insecticides.
A special volumetric measure was designed which

permitted the simple determination of the amount
of insecticide equivalent to the 670 g of 75 %
water-dispersible DDT powder needed for the
preparation of a unit charge of 10 litres of 5 % DDT
suspension. This measure consisted of a can made
of galvanized iron, 11.7 cm in diameter and 12.7 cm
high.

In February 1956 the volumetric measure was
tested in order to determine its accuracy. The tests
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were carried out in Villahermosa, Tabasco (Zone II),
where CNEP field training activities were being
carried out. In view of the results obtained, it was
decided to carry out a more extensive study, with
the participation of the fourteen zones into which
the malarious area of the country has been divided.
In this way such factors as climate, storage condi-
tions and others would be taken into consideration.
The results obtained in this second investigation,

which are described below, confirmed the inaccuracy
of the volumetric method and the need for a more
precise one. Use was therefore made of a Roman
balance designed by Fritz & Pletsch and descibed
elsewhere in this issue. This balance, because of its
simplicity of operation and low cost (US$1.36), met
the requirements for equipment of this type.

After a series of laboratory tests which proved
that the proposed balance was sufficiently accurate,
the instrument was mass-produced in sufficient
quantity for the pilot programme to be started on
7 September 1956 in all fourteen zones.
During the first year of total coverage (1957), a

strict check was kept on the efficacy of the balances,
with satisfactory results. In mid 1958, a more
precise evaluation was made through a special study
similar to the 1956 analysis of the volumetric method.

METHODS

In order to determine the accuracy of the volu-
metric method of measurement and the volume-
weight relationships of the insecticides, a volume
equivalent to 670 g of 75% water-dispersible DDT
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powder was measured, using a sheet metal container.
The quantity of insecticide thus obtained was then
weighed, using a commercial balance accurate to 1 g.
The net weight of the insecticide was determined by
filling the container to the top (level), weighing the
container plus insecticide, and subtracting the weight
of the empty container.
The test was carried out in the central offices of

10 zones. A total of 1022 observations were made,
using insecticide available in each area. This insecti-
cide had been transported from the ports of entry
into the country, and had been stored for various
lengths of time under similar conditions, according
to norms established by the central headquarters.
A constant attempt was made to carry out the
measurements as they would normally be made at
the brigade level. The results were tabulated and
sent to the headquarters for consolidation and
analysis.

In the case of the balances, the testing was carried
out in 13 zones. Bags of insecticide, weighed
routinely and nominally containing 670 g of powder,
were collected in the field from brigades selected
at random. Specific instructions were given to avoid
any modification in the weighing technique normally
used by the spray-men, and to avoid any interference
with the objectives of the test. The bags of insecti-
cides were taken to the zone headquarters, where
the contents were re-weighed using commercial
balances of known accuracy.
The results of these zone tests, which included

1411 observations, were registered on a special form
and subsequently sent to the central headquarters
for consolidation and analysis.

RESULTS

The statistical analysis which was made of the
data obtained in the field took into account, in
both tests, the frequency distribution, the arithmetic
mean, the mode, the median, and the degree of
dispersion. The two resulting bar diagrams are shown
in the accompanying figure; both represent normal
curves.

In the case of the volumetric measurement, the
weights obtained ranged from 460 to 709 g. The
arithmetic mean was 581.2 g with a standard devia-
tion of 46.1 g. According to these results approxi-
mately 95 % of the volumetric measurements weighed
less than the 670 g desired. The degree of dispersion
was noticeably great.

In the tests carried out in Villahermosa, where the
measuring-can had been calibrated against the
insecticide stored at that point, the results were a bit
more favourable, but the central value was also
below the desired quantity, suggesting that the
calibration was incorrect.

In the study to test the accuracy of the balances,
the weights obtained varied from 600 g to 750 g
with an arithmetic mean of 671.46 g and a standard
deviation of 15.30 g. In the graph there may be
noted a very pronounced concentration of measure-
ments around the central value, which practically
coincides with the theoretically specified weight
(670 g).
The stability of the average may be appreciated

by dividing the standard deviation (15.30) by the
square root (37.6) of the number of observations
(14.11), giving a result of only 0.40 g. This figure
furnishes a basis for estimating the quantities of
insecticide which might be expected to exceed or fall
below the desired level as a result of random varia-
tions in the weighing operations.
The data obtained in using the balance to measure

750% DDT were confirmed with 50% water-disper-
sible dieldrin powder. In 928 weighings of this
insecticide, using the 300-g calibration on the same
type of balance, the arithmetic mean was 301.595
with a standard deviation of 1.6. The measurements
obtained ranged from 280 g to 324 g.

DISCUSSION

Without question the results obtained when
evaluating the volumetric method show that this
procedure does not provide much assurance of
accurate measurement of 750% DDT and 500%
dieldrin. The value of the arithmetic mean is far
below the specified weight. But even granting that
this resulted from poor calibration of the measuring-
can a difficult thing to check it would not be
advisable to consider acceptable the great dispersion
noted in the graph of frequency distribution.
The great variation in weight might be explained

by the condition of the insecticide as affected by the
content of inert material, the extent of compacting
and the storage conditions; but at any rate these are
variables which characterize the actual conditions
to which the insecticide is subjected in the field. In
practice there are technical and administrative
circumstances which make it virtually impossible
readily to foresee changes in insecticides so as to
make the necessary adjustments in volumetric
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DISTRIBUTION OF TRUE WEIGHTS OF UNIT CHARGES OF INSECTICIDES
MEASURED VOLUMETRICALLY (1022 SAMPLES) AND GRAVIMETRICALLY (1411 SAMPLES) IN THE FIELD

measurement. Furthermore, measuring-cans made
of sheet metal and subjected to severe field condi-
tions would run the risk of damage which might
change their form and capacity, and their re-calibra-
tion might be difficult.

Gravimetric measurement, on the other hand, has
been demonstrated to be sufficiently accurate and
certain, and unaffected by changes which might
occur in the insecticide. This method eliminates
waste of insecticides because, as already stated, the
average is very close to the specified quantity and
the underweight and overweight measurements
compensate each other. Also, the lowest weight
(600 g) encountered would affect only a limited
number of houses, in which the expected equivalent
dose would never fall below 1.8 g per M2.
The type of balance being employed offers two

advantages in addition to its low cost: it is easy to

operate, and repairs are easily made if it is damaged
in the field. It also offers considerable flexibility in
its use. By changes in the counterweight or length
of the beam it can be readily adapted to the weighing
of specific quantities of insecticides other than those
described above.
As with any other device, this one can be refined or

perfected according to field experience. For example,
the model now in use in the Mexican programme
differs from the original Fritz-Pletsch model in
several particulars. The mouth of the weighing-pan
has been made narrower to facilitate emptying the
insecticide into cloth bags after weighing; the
weighing-pan might be suspended from the beam by
three chains instead of the four now in use.

In field practice, the chiefs of brigades and their
immediate supervisors (chiefs of sectors) carry test
weights of 670 g or 300 g to check the accuracy of
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the balances and to confirm their careful use by
spray-men in the daily weighing of insecticide.
Adjustments are easily made in the field if the test
weights indicate that the device is not functioning
perfectly. The use of higher quality materials to
improve the bearing surfaces at the fulcrum might

result in still greater accuracy, but such changes
have not been considered necessary.

In the Mexican programme the balances are
issued at the rate of two per brigade and their
durability and effectiveness have been demonstrated
during two years' use.

RItSUMt

Reconnaissant l'extreme importance que presente la
mesure exacte des insecticides lors d'une campagne

d'e'radication du paludisme, la Commission nationale
mexicaine pour l'Eradication du Paludisme a procede
a des etudes speciales afin d'etablir une methode qui puisse
etre appliquee sur le terrain avecun maximum de precision.
Dans certains pays, il peut y avoir avantage a recourir

a une installation mecanique centrale pour la pesee des
insecticides. Au Mexique, ou un tel systeme ne peut
etre recommand6, deux methodes pratiques, l'une
volum6trique, l'autre gravimetrique, ont ete minutieuse-
ment etudiees et soumises l'une et l'autre a des essais
executes par des operateurs affect6s aux pulv6risations.
Une jauge en tole a ete utilisee pour les mesures

volumetriques. Pour les pes6es, on s'est servi d'une
balance romaine specialement conque pour les besoins

de la campagne. La Commission nationale pour l'Eradi-
cation du Paludisme a fait proceder a 1022 essais par la
methode volumetrique, dans 10 secteurs d'operations
diff6rents, et a 1411 essais par la methode pond6rale,
dans 13 secteurs, la dose d'insecticide a mesurer etant
de 670 g. Toutes les conditions physiques auxquelles les
insecticides peuvent etre soumis se rencontraient prati-
quement dans les divers secteurs d'operations choisis.

Les resultats de ces essais, etablis par pesee rigoureuse
des quantites effectivement mesurees, permettent de
degager les conclusions suivantes: 1) la mesure directe
des insecticides sur le terrain est un systeme pratique et
efficace; 2) la methode volumetrique n'est pas assez
exacte; 3) la pesee au moyen de la balance romaine est
suffisamment su're et pr6cise: c'est une methode pratique
et economique.
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