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Replacement of spray nozzle tips based
on operational considerations
C. KUO,1 H. RAFATJAH,2 & S. KOLTA3

In the residual spraying of insecticides, application of the correct dosage is important
both to obtain the optimum effectiveness and to avoid wasting insecticide. One of the main
factors controlling dosage is the discharge rate of the sprayer, which depends to a great
extent on the ability of the nozzle tip to discharge an even spray. However, nozzle tips
are subject to erosion and their output increases with use, especially when water-dispersible-
powder formulations of insecticide are used. To reduce wastage of insecticide, nozzle tips
are changed periodically but the tips are expensive and the replacement schedule should be
based on the cost of the tip in relation to the cost of the insecticide wasted. A theoretical
approach is discussed and a practical method for establishing a replacement schedule on
economic considerations is suggested.

A spray nozzle tip needs to be replaced after a
certain period of service when, as a result of erosion,
either the spray pattern (including the swath width)
has deteriorated, or the output has increased to such
an extent that its further use is undesirable (Lonergen
& Hall, 1958; Jensen, Taylor & Pearce, 1969). While
the extent of acceptable deterioration in the pattern
is determined by technical considerations only, the
establishment of a tolerance limit for output as a
criterion for nozzle tip replacement is largely a matter
of economy, depending on the cost of the insecticide
and of the nozzle tip in use. Thus, both technical and
economic considerations are involved in establishing
a schedule for nozzle tip replacement.
The problem is, however, simplified with the

"Even-spray " nozzle tip, whose spray pattern has
been found in recent field trials to deteriorate only
slightly with use. Thus it is possible for replace-
ments to be made safely on the grounds of excessive
output alone. This possibility stimulated the present
study on procedures for establishing, on economic
considerations, a schedule for the replacement of
nozzle tips based on output characteristics. The
method applies also to other types of nozzle tip
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having a spray pattern that can reasonably be ex-
pected to remain satisfactory throughout their useful
life.

THEORETICAL APPROACH TO FORECASTING
THE NEED TO REPLACE A NOZZLE TIP

The output of a nozzle tip increases with use on
account of erosion. The increased output will lead
to overdosing, unless the increasing output is com-
pensated for by frequent modifications of the spray-
ing or mixing techniques; this is a complicated prac-
tice, which is usually difficult to apply in the field.
Replacing the nozzle tip at short intervals reduces
overdosing but is costly. The cost of spraying is
therefore the cost of the insecticide (taking over-
dosing into account) plus that of nozzle tip deprecia-
tion; labour costs are of little concern in the present
study. The average unit cost of spraying-i.e., the
average cost of spraying per unit of surface area-
is different for each nozzle tip replacement schedule.
The schedule resulting in the greatest economy of
spraying is that which maintains the average unit
cost of spraying at a minimum level.
Data obtained in field trials or laboratory tests

on the increase in output caused by erosion of the
nozzle tip are usually shown by means ofan " erosion
curve " with output increases as ordinates and quan-
tities of insecticide suspension discharged through
the tip as abscissae. If the erosion curve is expressed
in mathematical terms, a replacement schedule satis-
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Fig. 1. Curves showing the amount of insecticide suspension applied (x) plotted against the increase in nozzle
output (y). (a) Erosion curve: y = 0.0032 V/x; (b) erosion curve: y = 0.00005x.

fying optimum economic requirements for a particu-
lar type of nozzle tip can be established. In practice,
it is not always possible to express the erosion curve
by a simple mathematical equation. However, the
calculations in the following examples demonstrate
the basic concept and have a limited practical appli-
cation.
Example I

Notation and basic data. The erosion curve of the
nozzle tip is assumed to be a parabola, y = K

A/x or y = Kx1/2, where y is the output increase,
expressed as a percentage of the design value, x is
the quantity in litres of insecticide suspension sprayed
through the nozzle tip, and K is a constant. The
area under the curve for any value of x represents
the total quantity in litres of insecticide suspension
wasted by overdosing, up to x litres of suspension
sprayed through the nozzle tip. The curve being a
parabola, this area equals 2/3 xy or 2/3Kx3I2.

Other symbols used in the calculation are:
X = litres of insecticide suspension discharged

through a nozzle tip at the time of its replace-
ment;

C1 = the cost of insecticide per 1 000 m2 of sprayed
surface at the prescribed dosage rate;

C1' = the average cost of insecticide wasted due to
overdosing, for each 1 000 m2 sprayed;

C2 = the cost of a nozzle tip;
C2' = the cost of nozzle tip depreciation per 1 000 m2

of sprayed surface;
C = the average unit cost of spraying per 1 000 m2

of sprayed surface, i.e., C1+ C1,+ C2'.
Mathematical operations. At the usual application

rate of 40 litres of insecticide suspension per 1 000 m'
of sprayed surface, and assuming that a nozzle tip
is replaced after having discharged X litres of insec-
ticide suspension, then:

C1' = 2/3 KX 3/2. 1/X. Cl = Cl (2/3 KX 1/2)
C2' = 40 C2/X = 40C2X-'

and
C = Cl+Cl'+ C2'

C1 +C1 2/3 KX2±+40C2X-1 (1)

The unit cost of spraying (C) is thus expressed as a
function of x. The minimum value C can be found
in the following way.
C is at its minimum when the derivative of C with

respect to x-namely, dC/dx-equals zero. From
Eq. (1):

dC/dX = 0+1/2 C1 2/3KX-1/2-40C2X-2
when

dC/dX = 0, 1/2 C1 2/3KX-1/2 = 40 C2 X-2
or

C1/40.2/3 KX3/2 = 2 C2 (2)
or

X = (120/K. C2/C1)2/3 (3)
As shown in Eq. (2), the time when it is most

economical to replace the nozzle tip is when the
cost of the total quantity of insecticide wasted by
overdosing (represented by Cl/40. 2/3 . Kxx31l) equals
twice the cost of the nozzle tip (2C2). This is true for
a parabolic erosion curve.

Application. The application of Eq. (3) to find x
is shown in the following calculation. When spraying
with DDT (see Fig. 2), the basic assumptions are:
C1 = the cost of DDT per 1 000 m2 of surface

sprayed at the rate of 2 g/m2 = US $1.00;
C2 = the cost of a nozzle tip = US $0.75; and the

erosion curve is a parabola, y = K 0/x, with
0.0032,1 as shown in Fig. la.

Substituting in Eq. (3), we have X = (120/0.0032.
0.75/1.00)2/3 = 925 litres. That is, the unit cost of
spraying will be minimal and the operation most

1 The value of K is derived from erosion data.
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economical) when the nozzle tip is replaced after
having discharged 925 litres ofDDT suspension. The
increase in nozzle output (y) at this time is 9.73%
(i.e., 0.0032x \/925).
When spraying with propoxur (see Fig. 3), the

basic assumptions are the same as those for the
previous calculation, except that C1 = US $16.00;
X, therefore, is (120/0.0032 . 0.75/16.00)2/3 = 146
litres. The increase in nozzle output at this time
is 3.87 %.

Example 2
Notation and basic data. Using the same notation

as in example 1, the erosion curve is now assumed
to be a straight line, y = Kx (Fig. Ib). In this case,
the area under the curve at any value of x will be
1/2 xy or 1/2 Kx2.

Mathematical operations
C1' = 1/2 KX2. I/X. Cl = C1 (1/2 KX)

C2' = 40 C2/X = 40C2 X-1
C= C1 ± CC (1/2KX) + 40 C2 X-

dC/dX = 0+C1. 1/2K140C2 x-2
When dC/dX = 0,

C11/2 K = 40 C2 X-2
or

C1/40. 1/2 KX2 = C2 (2)
or

x = (80/K. C2/C0)112 (3)
It may be noted from Eq. (2) that if the erosion

curve is a straight line, the time at which it is most
economical to replace the nozzle tip is when the
cost of the total quantity of insecticide wasted by
overdosing (represented by C1/40 . 1/2 KX2) equals
the cost of a nozzle tip (C2).

Application. When spraying withDDT (see Fig. 2),
the basic assumptions are:
C1 = US $1.00, C2 = US $0.75, and the erosion curve
is a straight line;
y = KX, K being 0.00005, as shown in Fig. lb.

Substituting in Eq. (3), we have:
X = (80/0.00005 . 0.75/1.00)1/2 = 1 095 litres.
At this time, i.e., after the tip has discharged 1 095

0-50 litres: 1/2(2.26 %) = 1.1 3%
50-100 litres: 1/2(2.26+3.20)% = 2.73%
100-200 litres: 1/2(3.20+4.52)% = 3.86%
200-400 litres: 1/2(4.52+6.40)% = 5.46%
400-60 litres: 1/2(6.40+7.84)% = 7.12%
600-800 litres: 1/2(7.84+9.05)% = 8.44%
etc.

litres ofDDT suspension, the increase in nozzle out-
put is 5.48%. When spraying with propoxur (see
Fig. 3), the basic assumptions are the same as those
used for the previous calculation except that C1=
US $16.00; therefore, X = (80/0.00005. 0.75/16.00)1/2
= 274 litres. Thus the increase in nozzle output is
1.37% at the time of tip replacement.

PRACTICAL METHOD FOR ESTABLISHING
A SCHEDULE FOR REPLACrNG NOZZLE TIPS

(TABULATED COMPUTATION
AND GRAPHICAL SOLUTION)

To establish a schedule for nozzle tip replacement
by mathematical operations on a theoretical basis,
as illustrated above, requires the erosion curve for
the nozzle tip to be expressed in mathematical
terms. This is, however, not always easy because
the erosion curve is in most cases neither a straight
line nor a parabola, but a curve that cannot easily
be represented by a simple mathematical equation.
Thus it is evident that the theoretical approach will
have only a limited practical application.
A practical method involving tabulated computa-

tions has been developed for determining an econo-
mic schedule for nozzle tip replacement. In this
method, a graph is drawn of the erosion curve; thus
the difficulty of expressing the curve by means of a
mathematical equation is avoided. The erosion curve,
however, has to be established on the basis of labo-
ratory or field tests.

In order to demonstrate this practical approach,
the two examples (used in the section describing the
theoretical approach have been calculated from
tabulated computations as shown in the following
example. Cost diagrams have also been drawn to
supplement the computations.
Example 1

Table 1 is derived from the erosion curve shown in
Fig. la for spraying with DDT (Fig. 2a).

Explanatory notes. (a) The values given in col-
umn (2) of Table 1 are direct readings from the
erosion curve. (b) The average percentage increases
(column (3) of Table 1) are computed as follows:

up to 50 litres: 1.13% (line 1 of table)
up to 100 litres: 1/2(l.13+2.73)% = 1.93% (line 2)
up to 200 litres: 1/2(l.93+3.86)% = 2.90% (line 3)
up to 400 litres: 1/2(2.90+5.46)% = 4.18% (line 4)
up to 600 litres: 1/3(2.90+5.46+7.12)% = 5.16% (line 5)
up to 800 litres: 1/4(2.90+5.46+7.12+8.44)% = 5.98% (line 6)
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Table 1. Tabulated computation for spraying with DDT derived from Fig. 2a. Ci =
US $1.00, C2 = US $0.75. The asterisk indicates the time at which it would be most

economical to replace the nozzle tip

Litres of Percentage increase in nozzle tip Average unit cost of spraying
DDT output due to erosion (US $ per 1 000 m2 of sprayed surface)

suspension
sprayed

n Approx. average Cost of DDT Cot f Total cost of
when nozzle Attime of up to time of with overdosing nose ot DDT and

tip is nozzlemtip nozzle tip taken into nozzletip nozzle tipreplaced replacement replacement account depreciation (unit cost)
(1) (2) (3) (4) (5) (6)

50 2.26 1.13 1.0113 0.6000 1.6113

100 3.20 1.93 1.0193 0.3000 1.3193

200 4.52 2.90 1.0290 0.1500 1.1790

400 6.40 4.18 1.0418 0.0750 1.1168

600 7.84 5.16 1.0516 0.0500 1.1016

800 9.05 5.98 1.0598 0.0375 1.0973

1 000* 10.12 6.70 1.0670 0.0300 1.0970

1 200 11.08 7.35 1.0735 0.0250 1.0985

1 400 11.97 7.95 1.0795 0.0214 1.1009

1 600 12.80 8.50 1.0850 0.0188 1.1038

1 800 13.58 9.02 1.0902 0.0167 1.1069

2 000 14.31 9.52 1.0952 0.0150 1.1102

Fig. 2. Amount of DDT suspension applied when nozzle tip is replaced plotted against the cost per 1 000 m2 of
sprayed surface.
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Table 2. Tabulated computation for spraying with propoxur derived from Fig. 3a.
Ci = US $16.00, C2 = US $0.75. The asterisk indicates the time at which it would be

most economical to replace the nozzle tip

Litres of Percentage increase in nozzle tip Average unit cost of spraying
propoxur output due to erosion (US $ per 1 000 m2 of sprayed surface)

suspension
sprayedI At time of Approx. average Cost of propoxur Cost of Total cost of

when nozzle nozzle tip up to time of with overdosing nozzle tip propoxur and
tip is ~~~~nozzle tip taken into derciton (nitzlcot)p

replaced replacement replacement account depreciation (unit cost)
(1) (2) (3) (4) (5) (6)

50 2.26 1.13 16.1808 0.6000 16.7808

100 3.20 1.93 16.3088 0.3000 16.6088

150 3.92 2.47 16.3952 0.2000 16.5952

200 4.52 2.91 16.4656 0.1500 16.6156

250 5.06 3.29 16.5264 0.1200 16.6464

300 5.54 3.62 16.5792 0.1000 16.6792

350 5.99 3.93 16.6288 0.0857 16.7145

400 6.40 4.21 16.6736 0.0750 16.7486

600 7.84 5.16 16.8256 0.0500 16.8756

800 9.05 5.98 16.9568 0.0375 16.9943

1 000 10.12 6.70 17.0720 0.0300 17.1080

(c) Values in column (5) of Table 1 are computed
from the equation C2' = 40 C2/x (p. 494).
The average unit costs of spraying against different

nozzle tip replacement schedules derived from this
tabulated computation can be presented graphically
(Fig. 2a). It will be seen from the unit cost diagram
that the average unit cost of spraying is minimal

(the greatest economy of spraying) when the nozzle
tip is replaced after having sprayed approximately
900 litres of DDT suspension. This agrees with the
theoretical solution.

Table 2 is derived from the erosion curve shown in
Fig. la for spraying with propoxur (Fig. 3a).
As shown in the unit cost diagram (Fig. 3a),

Fig. 3. Amount of propoxur suspension applied when nozzle tip is replaced plotted against the cost per 1 000 m2
of sprayed surface.
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Table 3. Tabulated computation for spraying with DDT derived from Fig. 2b. Ci =
US $1.00, C2 = US $0.75. The asterisk indicates the time at which it would be most

economical to replace the nozzle tip

Litres of Percentage increase in nozzle tip Average unit cost of spraying
DDT output due to erosion (US $ per 1 000 m2 of sprayed surface)

suspension
sprayed At time of Approx. average Cost of DDT Cost of Total cost of

when
i

nozzle tip up to time of with overdosing nozzl tip DDT and
tis replacement nozzle tip taken into dercation nozzle tipreplaced replacement account depr (unit cost)

(1 ) (2) (3) (4) (5) (6)

200 1.00 0.50 1.0050 0.1500 1.1550

400 2.00 1.00 1.0100 0.0750 1.0850

600 3.00 1.50 1.0150 0.0500 1.0650

800 4.00 2.00 1.0200 0.0375 1.0575

1 000 5.00 2.50 1.0250 0.0300 1.0550

1 200 6.00 3.00 1.0300 0.0250 1.0550

1 400 7.00 3.50 1.0350 0.0214 1.0564

1 600 8.00 4.00 1.0400 0.0188 1.0588

1 800 9.00 4.50 1.0450 0.0167 1.0617

2 000 10.00 5.00 1.0500 0.0150 1.0650

the time to replace the nozzle tip with greatest
economy is when the tip has discharged approxim-
ately 150 litres of propoxur suspension; again, this
result agrees with the theoretical solution.

Example 2
Table 3 is derived from the erosion curve shown

in Fig. lb for spraying with DDT (Fig. 2b) and
Table 4 from the same erosion curve for spraying
with propoxur (Fig. 3b).

It can be seen from the unit cost diagrams that
to achieve the greatest economy the nozzle tip should
be repla¢ed when it has discharged approximately
1 100 and 275 litres of DDT and propoxur suspen-
sions, respectively. These results agree with the
theoretical solutions.

NOZZLE TIP REPLACEMENT
IN SPRAYING OPERATIONS USING

AN EXPENSIVE INSECTICIDE FORMULATION

The discussion so far has referred to normal
spraying operations in which no attempt is made to
compensate for the gradual increase in nozzle out-
put by operational means. If an expensive insecti-
cide (such as propoxur) is applied in the usual way,
the nozzle tip must be replaced at very short inter-
vals to reduce overdosing resulting from increasing

nozzle output, as shown in Fig. 3a and 3b. In such
cases, a modification of the spraying technique and
the operational procedures to compensate for in-
creases in nozzle output may be justified. The fol-
lowing example shows how this economy in insecti-
cide can be achieved.

Basic conditions
The insecticide is propoxur and the erosion curve

is a straight line with a 5% increase in nozzle output
for every 1 000 litres sprayed. The quantity ofinsecti-
cide suspension discharged per sprayer per day is
100 litres, there are 6 working days in a week, and
the duration of spraying operations is about 8 weeks.

Suggested operational procedures
The nozzle tips should not be replaced during the

spraying operations, but two nozzle tips should be
issued to each sprayman to be used alternately at
3-day intervals. The concentration of the spray mix
should be reduced at weekly intervals in inverse pro-
portion to increases in the nozzle output as shown
in Table 5.

Average unit cost ofspraying
The average unit cost of spraying by this procedure

is estimated to be US $16.1325 per 1 000 mi, which
compares favourably with the minimum unit cost of
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Table 4. Tabulated computation for spraying with propoxur derived from Fig. 3b.
Ci = US $16.00, C2 = US $0.75. The asterisk indicates the time at which it would be

most economical to replace the nozzle tip

Litres of Percentage increase in nozzle tip Average unit cost of spraying
propoxur output due to erosion (US $ per 1 000 m2 of sprayed surface)

suspension
sprayed At time of Approx. average Cost of propoxur Cost of Total cost of

when nozzle nozzle tip up to time of with overdosing os op propoxur and
tip is replacement nozzle tip taken into nozzleiatipn nozzle tip

replaced replacement acccount depreciation (unit cost)
(1 ) (2) (3) (4) (5) (6)

50 0.25 0.125 16.0200 0.6000 16.6200

100 0.50 0.25 16.0400 0.3000 16.3400

150 0.75 0.375 16.0600 0.2000 16.2600

200 1.00 0.50 16.0800 0.1500 16.2300

250 1.25 0.625 16.1000 0.1200 16.2200

300 ' 1.50 0.75 16.1200 0.1000 16.2200

350 1.75 0.875 16.1400 0.0857 16.2257

400 2.00 1.00 16.1600 0.0750 16.2350

600 3.00 1.50 16.2400 0.0500 16.2700

800 4.00 2.00 16.3200 0.0375 16.3575

1 000 5.00 2.50 16.4000 0.0300 16.4300

US S16.2190 when the normal spraying procedures
are followed and the nozzle tip is replaced on the
most economical schedule shown in Fig 3b.

DISCUSSION AND CONCLUSIONS

(1) The study is applicable to those types of nozzle

tip whose spray pattern is unaffected by erosion
during their useful life.

(2) Once an erosion curve for the nozzle tip has
been established on the basis of data obtained in
field trials or laboratory tests, an economical replace-
ment schedule can be calculated mathematically or

Table 5. Procedure for alternating two nozzle tips and reducing progressively the
concentration of the spraying mixture to compensate for nozzle erosion during spraying

operations

Nozzle output at Nozzle tip
Week Period beginning of week, Concentration of spray mix to be used

percentage of design rate

1 1st 3 days 100 5% No. 1

2nd 3 days 5% No. 2

2 1st 3 days 101.5 100/101.5 x 5 % No. 1

2nd 3 days 100/101.5 x 5% No. 2

3 1st 3 days 103 100/103 x 5% No. 1

2nd 3 days 100/103 x 5 % No. 2

etc.
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by means of tabulated computations; the latter is
preferred in view of its simplicity.

(3) An assumption that to achieve the greatest
economy a nozzle tip should be replaced when the
cost of the cumulative quantity of insecticide wasted
by overdosing due to nozzle erosion equals the cost
of a nozzle tip has been found to be valid only when
the erosion curve for the nozzle tip is a straight line.
If the erosion curve is parabolic, the replacement of a
nozzle tip is economically justified only when the
cost of wasted insecticide equals twice the cost of
the nozzle tip. In view of the various patterns of
erosion, it is difficult to establish a general replace-
ment scheme. It is therefore suggested that a re-
placement schedule should be worked out for all
erosion curves.

(4) In operations using an expensive insecticide,
it may be more economical to employ operational
means to compensate for the gradual increase in
nozzle output than to replace the nozzle tip fre-
quently, as required by the replacement schedule.
This can be achieved by modifying the mixing or
spraying procedures, but these modifications are
rather complicated and may be justified only under
special circumstances. A simplified procedure might
be to assign eroded nozzle tips to operational sec-
tors where a proportionately weaker suspension is
in routine use.

(5) The study indicates that an untimely replace-
ment of a nozzle tip, particularly a delayed replace-
ment, will increase the unit cost of spraying only

slightly. However, this small increase should not be
overlooked since it will amount to a large sum when
the sprayed area is large. It is interesting to note
that a difference of US 30.01 in the average unit
cost of spraying per 1 000 m2 amounts to approxi-
mately US 33 750 in a programme consuming 907
tonnes (1 000 tons) of 75% water-dispersible powder
formulation of DDT. Assuming that about 36 300
tonnes (40 000 tons) ofDDT have been used each year
in malaria eradication programmes, foreachUS 30.01
difference per 1 000 m2 of sprayed surface there is a
total difference of US $150 000.

(6) Many factors are responsible for the erosion of
nozzle orifices, including the type and formulation of
the insecticide, the particle size and the filler material,
the concentration of the formulation, and the spray-
ing pressure. These factors differ from one operation
to another. Nevertheless, it is considered advisable
that normal or accelerated erosion tests should be
carried out by the manufacturers or by central labo-
ratories on each batch of nozzles in order to provide
the users with the erosion curves for the most com-
monly used insecticide formulations. Replacement
schedules can then be readily established for use in
various spraying operations. It is also advisable that
a simple methodology should be developed or
estimating, on the basis of the erosion curve esta-
blished for normal operations, the erosion pattern
resulting from the use of a different insecticide
formulation or a different spraying technique, or
both.

UMI2
REMPLACEMENT DES BECS DE BUSE EN FONCTION DE CONSIDIRATIONS OPJRATIONNELLES

On a fait une etude sur les methodes permettant d'eta-
blir, en fonction de considerations economiques, un plan
de remplacement des becs de buse d'apres leurs caracte-
ristiques de debit. L'etude concerne les types de bec dans
lesquels l'erosion ne modifie pas la plage d'aspersion au
point d'imposer le remplacement du bec au cours de sa
duree normale d'emploi a cause d'un debit excessif.
Une fois la courbe d'erosion etablie pour le bec de buse

sur la base des donnees obtenues au moyen d'essais sur le
terrain ou de tests de laboratoire, on peut elaborer un
plan de remplacement economique, soit theoriquement
par le calcul, soit pratiquement en utilisant des baremes.
Cette derniere methode est preferable a cause de sa
simplicite.

S'il s'agit d'operations pour lesquelles on utilise un
insecticide couteux, plutot que de remplacer le bec de
buse a de tres brefs intervalles comme l'exige le plan

economique de remplacement, il peut se reveler plus
avantageux de modifier la technique operationnelle de
pulverisation ou de melange des produits a pulveriser
afin de compenser l'augmentation progressive de debit
de la buse due a l'erosion. Toutefois, la technique
modifiee de pulverisation ou de melange est plut6t
compliquee et ne se justifie que dans des circonstances
speciales.

II resulte de l'etude qu'un remplacement du bec de
buse fait mal a propos, et en particulier un remplacement
tardif, comme c'est g6n6ralement le cas, augmente le cout
unitaire de la pulverisation, mais que cette augmentation
est legere. Neanmoins, pour faible qu'elle soit, on ne
saurait la negliger, car elle finit par repr6senter une somme
considerable lorsque les surfaces a couvrir sont impor-
tantes. I1 est interessant de noter qu'une difference de
USS0,01 du cout unitaire moyen de la pulverisation pour
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1000 m2 correspond a une d6pense supplementaire d'envi-
ron $3750 dans le cas d'un programme au cours duquel
on aura utilise 1000 tonnes de DDT A 75% en poudre
4ispersable dans 1'eau. A supposer qu'on ait utilise envi-

ron 40 000 tonnes de DDT par an au cours des pro-
grammes d'eradication du paludisme, on obtient, pour
chaque USSO,01 de difference par 1000 ms de surface
trait6e, une difference du cout total de US$150 000.
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