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RESIDUAL DDT CONTENT
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In a previous note, 1, 2 I have described a rapid, sensitive, and simple
method which can be employed with very limited facilities, even in the
field, for the detection and determination of small amounts of DDT on
various kinds of surfaces treated with DDT in different forms: solutions
in kerosene, aqueous emulsions, wettable powders, aerosols, or any other
preparations.

The method may be used for walls in all kinds of places and on the
most varied types of surface : rough-cast, mortar, bricks, wallpaper, fabric,
glass, leaves, fruit, water, etc. The only variation is in the procedure for
sampling, which differs according to the type of surface, as indicated in
the section of this study describing the method.

The method was developed primarily at the request of the governing
body of ERLAAS (Ente Regionale per la Lotta Anti Anofelica in Sardegna
-Regional Organization for Mosquito Control in Sardinia). In co-opera-
tion with the Rockefeller Foundation, ERLAAS is engaged in the systematic
destruction of anopheles in the whole of Sardinia, where this action was
of special urgency.

The method is derived from that of Schechter, Solovay, Hayes &
Haller; 7, 8 it has been simplified and modified so that it can be used in
the field for various treated surfaces. I have also prepared a special colour-
scale which makes it possible to carry out determinations with sufficient
accuracy for the requirements of malaria control without the necessity
of using colorimeters.

On vigorously nitrating the dust obtained by scraping, or the extract
left on washing a small part of a treated surface with ether and evaporating
off the solvent, followed by the benzene extraction of the nitration product
and treatment with approximately normal alcoholic caustic potash, a
coloration develops which varies from pale to dark blue, and even to
violet with a strong blue fluorescence, according to the amount of DDT
present. With pure p,p'-DDT, the colorations obtained are of a blue
which is cleaner, more intense, and more brilliant than with technical
DDT, the only kind used in practice. Large amounts of the latter give
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colorations which shade into reddish-violet. All these colorations
change to green, to greenish-yellow and, finally, to a vivid yellow for small
quantities, and to a brownish yellow for larger quantities. This process
takes place slowly in the cold and more rapidly when hot. After a rather
short interval, varying according to temperature but within 24 hours at the
most, a more or less intense yellow coloration appears which then
remains unchanged for several days. With amounts of DDT greater than
0.001 g., small red crystals also separate at low temperatures after a few
hours. The method is extremely sensitive; a coloration is obtained,
which, although faint, is still distinct, with only 2 pg. of DDT.

The blue product acts as an indicator, disappearing on acidification
and reappearing when the solution is again made alkaline. The red crystal-
line product, which dissolves in an alkaline benzene-alcoholic solution to
give a yellow coloration, is a product of dechlorination. The latter takes
place very slowly in cold benzene solution.

As the method is widely used in several countries because of its practical
value, I have thought it well to deal with it and propose to give details of
certain observations arising from experience acquired during several
thousand analyses carried out, principally in Sardinia, the Pontine marshes,
and Sicily. I shall indicate certain minor improvements in applying the
method-which are particularly useful if the experimenter is not a chemist-
and shall make a few suggestions as regards sampling.

The following observations are based on the results of analyses carried
out according to the method in question:

(1) The amount of DDT still adhering to different treated surfaces
after a certain period of time depends on several factors : type of treatment,
type of surface, nature of surroundings, climatic conditions, etc. In general,
it has been noticed that DDT persists a long time when it has been sprayed
in considerable quantities. Even two years after treatment, I have often
found fairly large amounts of DDT (from 0.3 to 0.4 g., and even more,
per square metre) on surfaces treated with 2 g. per square metre. On
examining, in the Pontine marshes, certain samples coming from walls
treated once yearly for several consecutive years with about 2 g. of DDT
per square metre, I have found up to 3 g. of DDT per square metre. This
shows that the residual amounts from repeated treatments accumulate.

(2) Kerosene solutions penetrate more deeply than aqueous emulsions,
and the latter more than wettable powders.

(3) The roofs of many rural homes in Sicily, as well as of some types
of hut in various localities, are made of reeds supported on wooden beams.
It has been found that DDT persists a long time on the wooden beams.
A year after treatment it is found to be almost all still present. On the
other hand, it adheres badly to smooth reeds, although better to coated
ones. It disappears very rapidly from the walls of certain huts made of
clay and mud.
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(4) In cattle-sheds, stables, pigsties, and henhouses, DDT usually
persists for a shorter time than in other surroundings. The same is true in
kitchens, particularly on smoke-blackened walls. Sometimes DDT is
found to be more or less dechlorinated, particularly under the conditions
mentioned above.

(5) In the case of oil-painted walls, the method gives less satisfactory
results because the oil in the paint gives rise, under the conditions of the
method, to a yellowish-brown coloration which interferes with the blue
coloration due to DDT. In such cases, a more or less greenish coloration
develops in the presence of appreciable amounts of DDT, while, if the
amounts are very small, the blue coloration may be entirely masked by
the yellow one. The results are then of value only as an indication.

(6) The method which I have indicated is very useful also because it makes
it possible to ascertain if the DDT is completely or partly decomposed.
Thus, non-dechlorinated DDT gives a blue coloration and, within not
more than 24 hours, a yellow coloration, while dechlorinated DDT gives
only a yellow coloration. Consequently, when the amount corresponding
to the yellow coloration is greater than that shown by the blue coloration,
it follows that the DDT present is partly decomposed. Moreover, when the
quantity decomposed is fairly considerable as compared with the remainder,
a coloration is obtained which is not distinctly blue but more or less
greenish and which definitely turns to green as the amount of dechlorinated
DDT increases. In fact, in such cases the two colours (blue and yellow)
blend to give green.

Dechlorination may be due to several factors, particularly alkalinity
and the presence of even very small traces of other substances (including
humic acids) which act as catalysts. Among such substances special mention
should be made of aluminium and iron salts.

High temperatures naturally favour dechlorination. Gunther 6 found
that tropical and subtropical temperatures are sufficient to bring about
the rapid dechlorination of technical DDT, which completely loses its
toxicity in a very short time. Fleck & Haller 5 have made a detailed study
of the more or less rapid dechlorinating action of many substances on
DDT. They also observed that, in the absence of harmful catalysts, long
exposure to temperatures usual in temperate zones did not cause any
appreciable change in DDT.

(7) As I have already pointed out in another note, 3, 4the presence
of chlordane modifies the blue coloration characteristic of DDT obtained
under the conditions described above; this coloration becomes weaker
as the amount of chlordane increases. Consequently, the method gives only
qualitative results when it is applied to mixtures of DDT and chlordane,
which are very often used at present in Italy for the simultaneous control
of anopheles and DDT-resistant flies.
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The presence of chlordane does not cause any chemical change in the
DDT, however; it merely prevents the complete development of the
coloration. Actually, when the chlordane has disappeared (it remains
for a much shorter time than DDT on treated surfaces-generally not more
than three or four months), the coloration due to DDT again appears
with its usual intensity.

Description of Method
Reagents and apparatus

The reagents and apparatus necessary for the detection and determina-
tion of DDT are described below. They make analyses possible, even in the
field, in a short time and with limited facilities. The three essential reagents
are:

(1) Mixture of sulphuric and nitric acids. This is freshly prepared for
each series of tests. 10 ml. of concentrated sulphuric acid (density about
1.84) are carefully mixed with 14 or 15 ml. of fuming nitric acid (density
1.52 or above). For successful nitration the density of the nitric acid must
not be below that shown. If it is, the DDT is only incompletely nitrated
and the coloration either does not develop or is less intense.

(2) Pure benzene.
(3) Approximately normal alcoholic caustic potash (about 56 g. of

potassium hydroxide in one litre of ethanol at 950).
The necessary apparatus consists of: a small cylindrical separating-

funnel of about 25 ml. capacity ; some dry test-tubes ; some 5-ml. graduated
cylinders ; small calibrated glass tubes with an internal diameter of exactly
7.2 mm. and about 10 cm. long; a spirit lamp; a beaker or any other
vessel suitable for use as a water-bath, the size varying according to the
number of analyses which are to be carried out per series ; a test-tube
rack ; and a colour-scale on paper, this being specially prepared as will
be seen later.

I have specially designed a small portable aluminium case for use in
the field. The case contains all the apparatus necessary for carrying out a
series of up to 6 determinations at a time and reagents sufficient for 60
to 70 determinations. The reagent bottles are enclosed in special containers,
designed to ensure the maximum safety even during long journeys.

Sampling
Sampling should be performed with the greatest care as follows
Whenever possible scrape with a small penknife, or any other suitable

implement, about 25 cm.2, i.e., a 5-cm. square, of the treated surface (rough-
cast, mortar, bricks, etc.) ; collect the dust on a small piece of card or in a
special small receptacle kept in the case mentioned above. It is also possible
to work with a smaller surface; in view of the high sensitivity of the method,
1 cm.2 would be enough. However, as spraying generally cannot be carried
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out in a perfectly uniform manner, it is preferable to work with a larger
surface so as to obtain a true average sample. In my own experience, the
surface mentioned above (25 cm.2) is more suitable. Nevertheless, if spraying
has been recently and carefully performed (in this case there should be
about 2 g. of DDT per square metre, and consequently about 0.005 g. in
25 cm.2 of scraped surface), it is better to take only an aliquot part of the
suggested amount of dust for analysis (a quarter or a fifth), in order to
avoid a too intense coloration which would be less suitable for comparison
with the colour-scale. On the contrary, when the spraying is not of recent
date, it is advisable to take half or even the whole of the dust, according
to the period of time which has elapsed. The colorations most suitable
for comparison are those obtained with amounts of DDT varying between
0.0001 and 0.001 g.

Scraping should not be too deep since the amount of DDT of value
as an insecticide, above all in the control of mosquitos and ffies, is clearly
that which remains on the surface. On the other hand, if scraping is too
superficial, there is a risk that the whole layer will not be collected. I have
found that the best amount to remove from the most usual types of wall in
rural dwellings, namely from rough-cast walls, is about 0.2 to 0.3 g. In
all cases, except for unusual surfaces or for special research purposes, it is
preferable for the weight to be not less than 0.1 g. nor more than 0.5 g.

In most cases, the total amount of DDT sprayed is not found in the
0.2 to 0.3 g. sampled in this way, since part penetrates deeper, varying
according to the type of treatment, the nature of the surface, etc. Deeper
scraping makes it possible to detect a larger amount. However, to ensure
comparable results, it is best always to adopt the same method for taking
samples.

As regards wooden surfaces, the product obtained by scraping-or
simply the slight superficial layer removed with the penknife-is first
extracted two or three times with ether. The ether is then filtered, collected
in a small evaporating-dish, and allowed to evaporate off at air temperature;
the residue is next treated as described later. It is also possible to treat
wooden surfaces in the same way as surfaces covered with wallpaper or
fabric, namely as follows:

Take a small wad of cotton-wool, previously soaked in ether, in a pair
of tweezers. Pass it several times over the surface from which the DDT
is to be extracted. Wash the wad with fresh ether and collect the washings
in a small evaporating-dish. Repeat this operation two or three times.
Allow the solvent to evaporate off at air temperature and analyse the
residue qualitatively and quantitatively for DDT in the usual way. The
same method should be used for glass surfaces. In the case of water-
where it may be of considerable interest to know how long DDT persists,
especially for the control of anopheline larvae-extraction is also carried
out with ether.
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For the determination of small amounts of DDT deposited on leaves
and on fruit, it is advisable to proceed as follows:

Hold the leaves and fruit with forceps or between two fingers and wash
them several times with ether by means of a small spray or a pipette,
collecting the ether in an evaporating-dish. The DDT is immediately
removed. The leaves and fruit must not be left immersed in the ether,
since substances other than DDT, particularly chlorophyll, can also be
dissolved by ether in appreciable amounts with a consequent risk of spoiling
the coloration. Allow the ether to evaporate off at air temperature and
analyse the residue in the usual way.

Determination
Transfer the dust to a dry test-tube and add 3 to 4 ml. of the sulphuric-

nitric acid mixture prepared as indicated above. Stir residues from ether
extractions which have been collected in a small evaporating-dish with
several small portions of the usual sulphuric-nitric acid mixture by means
of a small rod. Do not use more than 4 to 5 ml. in all and pour each portion
into a test-tube.

Immerse the latter in a water-bath (an ordinary beaker containing a
little water may be used) already brought to the boil, leave it there for
2 to 21 minutes after copious nitrous fumes commence to form. Some-
times a vigorous effervescence occurs in the presence of carbonates. To
prevent the liquid bubbling over in such cases, the test-tube should be
removed from the water-bath for a few minutes. After cooling, pour the
acid mixture cautiously and while shaking into a small separating-funnel
containing 8 to 10 ml. of water. Carefully wash the walls of the test-tube
two or three times, with 2 to 3 ml. of water each time, and pour the washings
into the separating-funnel. The purpose of this procedure is to prevent the
benzene, which will be added subsequently, from coming into contact
with small amounts of concentrated nitric acid and thus causing the forma-
tion of traces of nitrobenzene, which would subsequently interfere with
the coloration. When the water-acid mixture is quite cold, add 3 ml. of
pure benzene to the test-tube, measuring by means of a small graduated
cylinder, then pour the benzene into the separating-funnel, and shake
several times. Place the funnel horizontally so that the dust cannot settle
at the bottom and obstruct the outlet (if it does become obstructed, it
may be cleared with an iron wire or any other metal wire). Allow the two
liquid layers to separate, run off the lower aqueous suspension, and collect
the benzene solution in another dry test-tube or in a 5-ml. graduated
cylinder. Cautiously add 2 ml. of alcoholic potassium hydroxide so that
two separate layers are formed. The total volume thus reaches about
5 ml. The purpose of this separation is to facilitate the colour formation.
After about one minute, shake again. Finally, pour part of the alkaline
benzene-alcoholic mixture (about 2 ml.) into a small calibrated glass
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tube with an internal diameter of exactly 7.2 mm. and about 10 cm. long.
Allow it to stand for one to two minutes or even more, until the coloration
has reached maximum intensity, then compare with the blue and violet
colours on the colour-scale a for technical DDT and read off directly
on this scale, in milligrams, the amount of DDT originally present.
This amount corresponds to 5 ml. of alkaline benzene-alcoholic solution,
i.e., to the whole of the sample analysed (the product from scraping 25 cm.2
or an aliquot part of this surface). By multiplying the amount of DDT in
25 cm.2 by 400, the quantity of DDT per square metre is obtained.

After 24 hours, the second comparison can be made between the color-
ation in the same tube and the yellow colorations of the scale. In the
majority of cases, almost perfect agreement is obtained between the amounts
of DDT estimated, on the one hand, according to the blue coloration
and, on the other hand, according to the yellow coloration. The latter,
as has already been stated, remains stable for several days provided that
the tubes are kept carefully stoppered.

However, it sometimes happens that agreement is not perfect and, in
this case, the reading according to the yellow colour always gives the
higher value. This fact may be attributed, as I have already said, to a
dechlorination of the DDT or to the presence of foreign substances
(for example, oil from painted walls or minute traces of " triton " when
spraying has been recently carried out) which accentuate the yellow colour
but not the blue one. Consequently, when the two values do not correspond,
only the value given by the blue coloration should be taken as giving the
amount of unchanged DDT.

The colour-scale, which has been found to be very useful, especially in
the field, has been drawn up using colorations obtained under the condi-
tions indicated above in two series of tubes with the dimensions previously
specified, each series containing known amounts of purep,p'-DDT (melting-
point 108°-108.5° C.) or of technical DDT (melting-point 920-930 C.).
For this purpose 0.1% ether solutions were prepared and samples with
different DDT contents taken, always under the same conditions. The
ether was allowed to evaporate off at room temperature and the residue
tested. The colorations obtained with the various kinds of technical DDT
(melting-point 900-950 C.) examined are practically the same.

The method was worked out and perfected for practical purposes and,
from this point of view, gives very satisfactory results. Hardly more than
an hour is necessary to carry out a series of 10 determinations. As I have
mentioned, the blue colorations most suitable for comparison with the
colour scale are those obtained with amounts of DDT between 0.0001
and 0.001 g. ; nevertheless, I have thought it useful to extend the scale
up to 0.005 g. A Hellige-type colorimeter could replace the colour-scale

a A small number of copies of the colour-scale is available and application should be made to the Malaria
Section, World Health Organization, Palais des Nations, Geneva, Switzerland. - ED.
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for work in the field, but at present it would not be easy in Italy to reproduce
the exact colours with suitable coloured glass at a reasonable cost.

SUMNfARY

A rapid and fairly sensitive colorimetric method is described which may be easily
applied, even in the field, with limited facilities and which makes it possible to detect
and determine small amounts of DDT on various surfaces treated with this product
in the form of solutions in kerosene, aqueous emulsions, wettable powders, aerosols, or
in any other form. A colour-scale of great practical value, particularly in the field, makes
it possible to read off directly amounts ofDDT between 0.0001 and 0.005 g. corresponding
to the colorations obtained by the above method.

Observations are made based on experience acquired in the course of several thousand
analyses carried out over two years in various parts of Italy, especially in Sardinia, the
Pontine marshes, and Sicily.
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