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5. Ethanol 96%.
6. 20% solution of NaOH.
7. 10% solution of HNO3.
8. Ferric-ammonium sulfate, 1 % solution.
9. Mercuric thiocyanate, 0.2% alcoholic solution.
10. 0.005 normal HCI.
The reagents may be kept in bottles with calibrated automatic pipettes.

Procedure

1. Place the sample in a test-tube.
2. Add 2.5 ml of benzene, mix well, then let the powder settle, or,

alternatively, centrifuge.
3. Pipette 0.5 ml of the clear liquid and transfer to a clean test-tube

with the same number, where all the following steps are executed.
4. Add 5 ml of alcoholic solution of NaOH and mix thoroughly.
5. Allow mixture to stand for 20 minutes to complete hydrolysis.
6. Add 1 ml of HNO3 10% and 1 ml of ferric sulfate solution and mix

with agitation.
7. Add 1 ml of mercuric thiocyanate solution and mix well.
8. Compare the colour developed with that of standards prepared as

follows:
Take three test-tubes each containing 0.5 ml of benzene, 5 ml of al-

coholic NaOH, 1 ml of HNO3 10%, 1 ml of ferric sulfate solution, and
1 ml of mercuric thiocyanate, add

to the first tube 2 drops (0.1 ml) of HCI 0.005 N and mix (standard
No. 1);

to the second tube 6 drops (0.3 ml) of HCI 0.005 N and mix (standard
No. 2);

to the third tube 16 drops (0.8 ml) of HCI 0.005 N and mix (standard
No. 3).

Nozzle Tip Erosion Resistance Tests
by FiED W. KNIPE, D.Sc., Malaria Engineer, The Rockefeller Foundation,
on loan to the Malaria Institute of India

The nozzle tip, by nature of the exacting functions it performs, is the
most important part of residual spray equipment.a During spraying
operations, the tip orifice is subjected to erosion, and replacement is then
necessary. In a campaign of some magnitude, frequent tip replacements
may involve considerable expenditure.

a When operating at any pressure, the nozzle tip determines three spray characteristics: discharge rate
discharge angle, and spray pattern.
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Materials from which tips are usually manufactured consist of various
qualities of bronze or of stainless steel. Bronze tips are inexpensive but
their useful life has been relatively short. Stainless steel tips ensure superior
durability but are expensive.

The series of tests herein described were set up with the aim of finding
some possible substitute for stainless steel which would approximate the
durability of that metal but would be substantially lower in cost. Only a
few possibilities were at hand: ceramics, and the plastics polyethylene,
cellulose acetate butyrate (CAB), Plexiglas, and nylon. Probably there are
other materials worthy of trial, but none was available. No bronze tip was
included because no new tip of this type capable of delivering standard
(Indian) characteristics could be secured.
A stainless steel tip was used as a check. This tip was manufactured in

Indiab and conformed reasonably well to local tip requirements.
The ceramic tipc was an illuminating-gas-jet type, which conformed

surprisingly well to local residual-spray specifications considering that it
was made for an entirely different purpose.

The plastic tipsd were made under the guidance of the author, because
no professional manufacturer of such tips was known. These tips were
lathe-turned from stock of appropriate dimensions and quality, and the
discharge orifice was turned with the same type of cutter that is used to
machine tips made from stainless steel. Although satisfactory plastic tips
for test purposes were produced by this method, a better and almost
certainly cheaper method would be production by extrusion.e

The test apparatus is shown in the accompanying figure. 50% DDT
insecticide was prepared from 75 % water-dispersible powder. Twelve
US gallons (about 45 1) of the mixture were placed in the reservoir, used
continuously for one week (about 30 hours), and then replaced by a new
batch.

Since the same DDT-water suspension was in circulation for a 30-hour
period, the possible effect of erosive action on the DDT itself was determined.
Samples of newly prepared solution were taken prior to passage through
the pumping arrangement, and another sample was taken at the close of
the daily operation. This procedure was followed each day of the week.
Weekly replicas were taken until evidence of effect on DDT particle size
was established. Findings are summarized in Table I.f

These figures seem to indicate that particle size of DDT was affected
to some extent by repeated passage through the hydraulic pump and nozzle
tip. The deterioration was most marked during the initial six-hour period,
after which no further appreciable reduction in particle size was apparent.
Since records of discharge rate indicated no parallel tip-orifice deterioration

b Addison & Co. Ltd., Madras.
c Geo. Bray & Co., Leeds, England.
d Material by Dominion Plastic Industries, Bombay; machined by Addison & Co., Ltd., Madras.
e Since these tests were concluded, one firm has signified its intention to produce plastic tips by the

extrusion process.
f E*aminations were made and the table prepared under the direction of Dr Rajindar Pal, Assistant

Director, Malaria Institute of India.
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TABLE I. EROSION EFFECT OF NOZZLE ORIFICE ON SIZE OF DDT CRYSTAL

Crystal size a Crystal sizea after passage through tip
before passage
through tip 6 hours | 12 hours | 18 hours 24 hours 30 hours

1.b 16.19 9.15 8.97 6.86 8.09 7.18

2.b 12.96 8.62 7.75 7.73 - -

3.b 11.84 8.08 12.57 7.21 7.02 -

Average 13.66 8.61 9.71 7.26 7.55 7.18

a Crystal size given in p.
b Average of 25 readings.

on any tip for the first six hours, it was concluded that the suspension
probably maintained approximately the same erosive effect on the tip
throughout the 30-hour period during which it was circulated.

Considerable effort was made to keep the insecticide in good sus-
pension. A hand-operated paddle was used to prevent settling in the main
reservoir, stirring taking place every few minutes. Individual tanks were
violently shaken at frequent intervals so as to slosh the contents from end
to end.
DDT suspension was drawn from the main reservoir by an electrically

operated, centrifugal-type, hydraulic pump and forced through an adjus-
table, large-capacity pressure regulator. From there it passed through the
main distribution line into the individual spray tanks. The main-line
pressure regulator, equipped with a pressure gauge, was set to function at
40 pounds per square inch (p.s.i.) (2.7 atm.). Its purpose was to maintain
sufficient volume of flow of insecticide to charge several tanks at the same
time, as well as to relieve excess pressure on the pump when only low-
volume delivery was required. A master shut-off valve controlled flow
from the pump to the main-tank feeder-line. Individual shut-off valves
controlled the flow into each tank.

Air pressure was introduced into tanks from a central source through
a Schrader air valve located on the main feed line between the main and
tank cut-off valves. This system of charging tanks with insecticide by
hydraulic means and pressurizing by external air pressure, together with
judicious use of cut-off valves, permitted flexible operation of the units
continuously throughout the working day. It will be clear from the de-
scription of the equipment that each unit could be independently serviced
or repaired in case of a break-down.

Each tank unit was equipped with an individual discharge line assembly.
A Watts type-63 pressure regulatorg served to control pressure on the
nozzle tip. This regulator was set at 10 p.s.i. (0.67 atm.), the standard
pressure in use. Occasional slight adjustment of regulators was necessary,
but not because of mechanical break-down, and throughout the trials no

g Described and illustrated in the note on page 217.



regulator completely failed to function. Partial failures due to deposited
DDT were caused by inadequate rinsing and cleaning of the apparatus at
the close of the previous working day, and were quickly overcome. Pressure
gauges likewise functioned satisfactorily, with few exceptions.

APPARATUS FOR NOZZLE TIP EROSION RESISTANCE TESTS
(Reproduced by permission of the Malaria Institute of India)

1. Insecticide reservoir
2. Hydraulic pump for continuous circulation of insecticide
3. Supply-line automatic pressure regulator with pressure gauge
4. 3-gallon (12-litre) residual-spray container equipped with pressure gauge
5. Standard discharge line:

a. pressure regulator
b. discharge hose
c. cut-off valve
d. nozzle assembly and tip
e. pressure gauge (extra for test)

6. Connecting hose
7. Schrader valve
8. Main line cut-off valve
9. Tank cut-off valve

Pressure regulators were attached to standard cut-off valve assemblies
by sections of clear plastic (polyvinyl chloride) hose, and nozzle body
assemblies were attached directly to the cut-off valve. Nozzle tips were
then mounted over the main reservoir, permitting discharged material to be
returned for re-circulation.

214 NOTES



NOZZLE TIP EROSION RESISTANCE TESTS

Nozzle tips were selected that complied with the following specifications
of the Malaria Institute of India:

Minimum Optimum Maximum

Discharge rate in US fluid ounces * 23 26.5 27
Angle of discharge in degrees 55 60 65
* One US fluid ounce is equivalent to 29.5729 ml.

Recommendations to field workers suggest that tips be discarded when
the discharge rate rises above 32 fluid ounces. Rules followed during the
test called for operation of a tip until the discharge rate exceeded 32 fluid
ounces or until evidence accumulated that indicated the tip's unsuitability
for further study.

Discussion. Performance records for the various tips are shown in
Table II. These records give initial discharge rates and increases in those
rates during 100-hour intervals, depending upon the length of time each
type of tip was subjected to test. With the exception of CAB, only one tip
of each type could be examined because sufficient testing equipment was
not available and time was limited. The tests actually covered 62 working
days over a period of 11 weeks.

The tests continued for 500 hours for tips manufactured from stainless
steel, polyethylene, and ceramics, at which time accumulated evidence
indicated a high degree of durability for these materials. Allowing three
hours' actual operating time for a sprayer per six-hour day, the computed
field-operating time for these tips would be at least 165 days. This probably
represents more than one year of elapsed time on the majority of malaria
control programmes.

The initial discharge rate for the ceramic tip was 26 fluid ounces per
minute. After 500 hours the rate was 27.5 fluid ounces, an increase of
only 1.5 fluid ounces over the initial rate. The discharge rate for the stain-
less steel tip increased during the same amount of time from 24.5 to 26 fluid
ounces, again an increase of only 1.5 fluid ounces. The rate for the
polyethylene tip increased from 24 to 27 fluid ounces, or a total of 3
fluid ounces. This increase is approximately double that for the ceramic
and stainless steel tips for the same period of time. When the total length
of time is considered, these variations in durability are so small as to
be perhaps insignificant.

Of the other materials tested, nylon stood up reasonably well. Trials
had to be abandoned with this sample after 200 hours, at which time the
discharge rate, though it had increased by 1.5 fluid ounces per minute, was
still within the replacement limit of 32 fluid ounces. The remaining materials,
Plexiglas and CAB, did not seem promising and were removed from test
after rather short trial runs. The rate for the Plexiglas tip increased by
7.5 fluid ounces per minute in 100 hours. CAB sample 1 showed an increase
of 5 fluid ounces in the same time, and sample 2 cannot be seriously con-
sidered because the initial discharge rate was not up to specifications.

The ability of polyethylene to withstand continuous abrasive action
appears to be due to the same toughness that is characteristic of automobile
tires. Nylon exhibits this property to a somewhat lesser degree.
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It seems unlikely that the positions of tips on test lines influenced these
results, since the tips were detached and cleaned daily and replaced at
random.

As noted earlier, these tests were carried on in an attempt to estimate
durability in terms of cost. While final costs could not be computed exactly,
reasonable estimates could be made. In India stainless steel tips cost from
Rs 4 to Rs 7 each (US $0.84 to $1.47), depending on the maker. An
imported stainless steel tip costs at retail approximately Rs 7 8a. ($1.60).
Polyethylene tips have not been produced in quantity and the cost is un-
certain, but a conservative estimate by a leading plastics manufacturer
places it at about 4 annas per tip ($.05). Nylon would probably cost 8 annas
per tip ($.10). No cost figure is available for the ceramic tip,h but it is
estimated that such tips would be considerably lower in initial cost than
those made from stainless steel. From these figures it can be seen that
polyethylene tips would probably cost only 3.5 % to 6% as much as stainless
tips, and that the use of them in a large-scale residual-spray programme
would effect a very considerable saving. In fact, a new polyethylene tip
could be substituted economically at the slightest sign of deterioration.

h A price quoted since this note was submitted for publication suggests that a ceramic tip would cost
about fourpence sterling.

Pressure Regulators and Gauges
on Hand-Compression Insecticide Sprayers:
Some Causes of Failure and Suggestions
for Improvement
by FRED W. KNIPE, D.Sc., Malaria Engineer, The Rockefeller Foundation,
on loan to the Malaria Institute of India

Pressure gauges and pressure regulators are undoubtedly the most
delicate accessories used with hand compression insecticide sprayers.
Although various specifications compiled for the sprayers have usually in-
dicated the desirability of these items among the equipment, they usually do
not state that sprayers must be equipped with them. This is partially
due to the fact that further development of the devices is needed to assure
dependability. However, during certain tests on the durability of nozzle
tips, covering a period of 500 hours, evidence accumulated which indicates
greater reliability of these accessories than was heretofore recognized
(see page 21 1). The observations indicated that failures invariably resulted
from inadequate daily maintenance.

The pressure gauge indicates pressure developed or maintained within
the tank, or on the discharge line of the sprayer. Most hand-operated
sprayers are charged to an initial working pressure of approximately
50 pounds per square inch (p.s.i.) (3.3 atm.).


