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Trhe Airplane Application of DDT for Emergency
Control ofCommon Flies in the Urban Community

By CORNELIUS W. KRUSE I

The only sound approach to a community fly control program is
through the continuing practice of environmental sanitation. The
routine use of DDT in a fly control program offers little more than a
temporary solution to the problem and cannot be justified over a long
period of time any more than rat poisoning or mosquito larviciding.
Household and commercial garbage must be kept in tightly covered
containers, frequently collected and disposed of in a satisfactory man-
ner. Continuous good housekeeping is of utmost importance. Care-
lessness with poultry, pets, compost or even grass cuttings may result
in a sustained fly population in the finest sections of a community.
There are enterprises admittedly difficult to maintain free of flies.
Through relaxed vigilance they may become a source of heavy fly
densities. Among them are garbage dumps, slaughterhouses, stables,
produce houses, rendering plants, waste disposal plants, canneries, milk
plants, and tanneries.

Studies on urban fly populations recently made using the "fly grill"
method devised by Scudder (1) indicate that communities may have
larger fly populations than may be realized by residents living behind
the protective screens. These findings have renewed interest in the
public health significance of flies and stimulated study of fly control
methods. The control of houseflies by DDT spray applied as residual
in dairies and restaurants and as cover sprays on breeding places has
been adequately reported by Baker, et al. (2), but there appears to be a
paucity of literature on the control of flies by the application of DDT
from airplanes. Airplane equipment seems to be ideally suited for
bringing about temporary fly control rapidly and effectively in urban
areas during time of emergency such as epidemics, catastrophe, or war.

I Johns Hopkins University, Engineering Consultant, Public Health Service, Communicable Disease
Center.
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The practicability of emergency fly control in urban areas was demon-
strated by Quinby, Coffey, and McNeel in northern Alabama in 1946
(3)-
This report deals only with investigations concerning the design of

aircraft spray equipment and performance against common flies found
in urban areas.

Equipment
The equipment used in all tests was the Stearman PT-17 2 biplane

trainer powered with the 220 hp. Continental engine, the same ship
used on the Florence project (3). The airplane was equipped for
the application of either sprays or thermal aerosols affording a wide
variety of treatments ranging from very fine droplets to coarse
sprays. This airplane was capable of treating 17 acres per minute
with a 100-foot swath width. Figure 1 represents a flow diagram
of the installed insecticidal equipment showing the wind-driven

SCHEMATIC DRAWING OF INSECTICIDAL DISPERSAL EQUIPMENT
USED FOR FLY CONTROL STUDY ON THE STEARMAN - PT- 17

)30 Gallon Insecticide Storage Tank

® Wind Driven Pumping Unit

( Pressure Relief Volve and By-Pass

i) Ouick Opening Gate Valve

(®)Pressure Gauge

FED. SEC. GENCY-PPHS CDC-ATLANTA,GA.

® Flow Meter
® Aerosol Selector Volve
® Wing Spray Selector Volve
( Venturi Aerosol Generotor

(i) ® (i Double Set of Spray Nozzles

(i i3 Single Set of Sproy Nozzles

OCT. 1948

FIGURE 1

2 For the purpose of this report it was necessary to use the names of commercial types of airplanes, engines,
sprays, spray nozzles, solvetits, and in certain cases insecticides, etc. Such commercial names are used
solely for identification. Similar products of other manufacturers may be found equally effective.

1536



November 28, 1948

pumping unit on the wing and the various discharge lines leading
either to the throat of the 2-inch exhaust venturi or to the spray
nozzles. Eight spray nozzles could be installed, arranged in groups
of two on wing tips and tail, with a single nozzle on the inboard wing
positions. Various rates of discharge were obtained by adjusting the
discharge pressure through a by-pass valve on the instrument panel.
The required discharge pressures were determined through the use of
a flow meter. Owing to the simplicity and versatility of this appar-
tus, many private insecticidal spraying organizations have duplicated
the equipment for contract work.

Since the investigations described in this paper are so closely related
to the Florence (3) activity, a review of some of the pertinent data
and observations obtained on that project would be in order at this
time.
Important departures from standard aircraft insecticidal techniques

are required in urban fly control. Normally, insecticidal applications
are made at a height of 20 to 30 feet during inversion conditions
existing just after dawn. When applying insecticides over buildings
of a community, or in steep or hilly terrain, flight altitudes much below
100 feet are prevented. The average height is 150 feet. For most
effective urban control, the insecticides should be applied when the
flies are most active, which is late in the morning after winds and
unstable air conditions have developed. Special consideration must
be given to the selection of insecticides and solvents in order to mini-
mize the staining effect of the droplets on laundry, automobiles, and
other community property.
Reasonably good fly kill can be accomplished, but with significant

staining, by applying a DDT thermal aerosol at the rate of 0.4-pound
DDT per acre. This aerosol and dosage rate was obtained by dis-
charging a 20-percent solution of DDT in Velsicol NR-70 through
two 8010 Spraying Systems Company nozzles into the throat of the
2-inch exhaust venturi. Recovery of DDT from this type aerosol
under field conditions ranged from 0.054 to 1.0 pound DDT per
acre at a flight altitude between 50 and 100 feet. An analysis of the
composition of the aerosol shows the median mass diameter to be in
the range 120-150 microns with one-half of the droplets being below
80 microns in diameter.-

It was thought by this investigator that the back pressure created by
the flow of 3 gallons per minute into the exhaust generator would prove
excessive and cause damage to the engine exhaust valves. Therefore,
a series of engine back pressure readings was taken at various rates of
insecticide flow. Data were obtained for the 2-inch diameter venturi
and for insecticide injected directly into the 4-inch exhaust stack with
the venturi removed. Figure 2 is the plot of back pressure in inches
of mercury against insecticide flow.
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FIGURE 2. The relationship of engine back pressure to insecticide flow in the 2-inch
venturi generator and the 4-inch exhaust stack.

All readings were made aloft with the engine turning at cruising
rpm. It was generally agreed after study of cylinder-head tempera-
tures that prolonged engine operation at pressure over 1.6 inches of
mercury would not be advisable. This would limit the flow into the
2-inch venturi to 2.5 gpm or 5.5 gpm. in the 4-inch exhaust stack.

Studies were initiated to eliminate the engine back pressure and to
obtain good DDT recovery and fly control without producing staining
droplets of insecticide. To decrease the discharge rate of insecticidal
solution, the concentration of DDT was increased from 20 percent to
30 percent by weight. The use of the 30 percent solution increased
the rates of ground recovery and provided a more toxic droplet. The
following dispersal equipment was studied for recovery and fly control
in view of wide differences in droplet size and distribution pattern:
(1) Aerosols generated in the 2-inch diameter venturi; (2) aerosols
generated in the 4-inch diameter exhaust stack; (3) wing sprays using
cone-type atomizing nozzles; (4) wing sprays using flat-type atomizing
nozzles.

Insecticidal Formulations
The metbylated naphthalenes have been demonstrated to maintain

stable solutions up to 50 percent DDT by weight at room temper-
ature. Velsicol NR-70 was initially used but due to its high staining
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property, efforts were made to find a more suitable fraction. Five
Velsicol fractions were studied. Table 1 gives the weight of the
mixed solutions in pounds per gallon and staining property of droplets
on white paper. It also gives thle characteristic crystal pattern
obtained with each solvent.

All of the materials tested showed a high solvency for DDT. The
staining properties of droplets were hardly noticeable on the lighter
fractions below AR-70. The volatility of the solvents was quite
variable. AR-50G was so volatile that smaller droplets were com-
pletely evaporated immediately after a fall from 100-foot heights.
Since the effectiveness of the droplet is believed to be dependent upon
its ability to wet the cuticle of the fly, it appeared advisable not to
use AR-50G. The fraction AR-50 was not so volatile and the
droplets would not crystalize for from 12 to 24 hours after spraying.
Droplets of AR-60 would remain on glass slides from 2 to 3 days
while droplets of AR-70 and NR-70 would persist for a week or
more. Considering cost, staining ability, and volatility, AR-60 was
selected as the preferred solvent for the fly-control study. Keener
and Cutkomp (4) have shown that this material possesses many
physical properties quite similar to NR-70 and could be used for
thermal aerosols, as well as wing sprays.

Table 1. Weight of mixed solutions in pounds per gallon

Velsicol I

DDT by weight __

AR-SOG AR-50 AR-60 AR-70 NR-70
-_ _

20 percent 8.35 8.54 8.50 8.85 8.75
25 percent 8.46 8.62 8.57 8.94 8.81
30 percent 8.56 8.70 8.68 8.97 8.95
Staining property- None None None Very light Dark brown
Crystal pattern- Short fine Frost-like Brush-like rods Brush-like rods Heavy rods

needles needles

Velsicol Corporation, Chicago, Ill.

Field Investigation
Airplane application of insecticide is accomplished by flying a

series of parallel swaths over the area. The effective swath width and
rate of application can be determined only when the cross section of
insecticide recovery is known for a particular dispersal equipment.
The recovery of DDT across a swath section was determined by

analyzing droplets collected on clean glass slides placed at 20-foot
intervals at right angles to the line of flight. Eleven stations were
stuidied for a distance of 100 feet to either side of the flight line.
Winds as a factor on swath cha.racteristics were minimized by conduict-
ing flight tests in the early morning hours after dawn. Procedures
for obtaining the quantitative rate of surface recovery were similar to
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the methods used for the study of airplane exhaust generators as
described by Kruse and Metcalf (5).

Solutions of DDT applied from aircraft kill flies when the flies
come in direct contact with falling droplets and in contact with
sprayed surfaces. The former is immediate in its action while the
latter may provide a residual over a period of time. The relative
efficiency of contact and residual action of the spray droplets was not
completely investigated and should warrant future study. With
the spray normally used an average of 49 droplets of insecticide was
recovered per square inch of area (see table 3).

Estimating an effective exposure area of the fly to be about 0.25
square centimeter, the expected frequency of contacting flies with
the spray was determined by a random distribution following Poisson's
series. If the mean number of droplets per unit of fly area is 1.9
and a number of samples of this unit area are taken, then the distri-
bution of these samples or flies with regard to number of droplets
hitting each will be as follows:

Proportion of Flies
Percet

Complete miss -15. 0
1 droplet ----------------------------------- 28. 5
2 droplets -27. 0
3 droplets- - 17. 2
4 droplets -& 8 2
5droplets ------------ 3. 1
6 droplets- <1. 0

100. 0

Thus it may be seen that complete kill by contact spray is not pos-
sible even if it is assumed that a single droplet will contain a lethal
concentration of insecticide. In actual spray tests the observed resid-
ual action appeared to be quite variable and of relatively short
duration. It must be remembered that in the application of spray
droplets continuous deposits of insecticides are unattainable. There-
fore, recovery slides having a deposit of droplets equivalent to 0.1
pound DDT/acre (1.04 mg./sq. ft.) may have the DDT applied on
less than 1 percent of the area and show very localized points of high
DDT concentrations. The concentration of DDT in the spread
droplet on clean glass is given below:

Droplet Diameter Spread Droplet Equivalent Rate
Microns Area Cm2 mg. DDT/sq. ft.

50 0. 00018 132
100 . 00071 270
200 . 0028 468
250 . 0044 630

On paper, soil, pavements and other urban surfaces the spread factor
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is quite high and the concentration of DDT is greatly reduced when
compared with clean glass surfaces. Clean glass slides receiving
airplane spray deposits equivalent to 0.1-pound DDT/acre were
exposed to 3 sets of 20 Musca domestica for 1 hour. Fifty-seven out of
60 specimens received a lethal dose. Slides having the same deposit
stored in a slide box for 3 weeks, after which droplets had crystallized,
killed only 11 out of 60 Mlusca domestica exposed for 1 hour. These
tests confirm the field impression that droplets applied out-of-doors
are more residually effective in solution form than in crystalline form.
The explanation may lie in more rapid absorption of the insecticidal
solution. Also the toxicity of the polymethylnaphthalene itself can-
not be overlooked.

Similar tests conducted on dirty newspaper provided about 50 percent
kill with a 3.-hour contact period when freshly sprayed, but no kill
was obtained on the paper after 3 days on an open dump. Wet drop-
lets on rusty sheet metal gave the same degree of kill as for dirty paper.
On garbage, such as interior of watermelon, little or no residual effect
was noted even immediately after spraying.
Due to the difficulty in establishing a reasonable estimate of fly

surface capable of contacting the spray pattern, it is not possible
to predict the frequency of contact between the fly and droplet.
With an assumed tarsal contact area per fly of 0.06 square centimeter,
the fly may be expected to come to rest on a droplet only 6 times out of
100 landings. The probability of contact with droplets in the course
of surface travel is much greater. Contact with one or more droplets
may be expected to occur 25 percent of the time with a surface travel
of 3 to 4 fly lengths.
With the given insecticidal spray and considering the characteristic

surfaces of urban situations, it was concluded that residual action
cannot be depended upon to provide more than 10 percent to 50
percent fly mortality. Therefore, emphasis was placed on DDT
dispersal to provide at least 75 percent mortality by direct contact
of falling droplets on the fly.
For correlating the dosage recovered with fly mortality, techniques

were developed using wild flies collected from garbage dumps. By
carefully selecting bait, the fly population captured was composed of
approximately 49 percent Musca domestica, 45 percent Phaenicia spp.
5 percent Callitroga spp., and 1 percent miscellaneous flies. The
miscellaneous flies included species of the genera Ophyra, Fannia,
and Sarcophaga.
Caged insects have been used for bio-assay of insecticidal sprays

but as a general rule results have been difficult to evaluate in terms of
actual field conditions. Much of the finer spray passed around the
screen cage and the larger droplets impinged upon the cage rather than

809189 48 2
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the insect. Also, it was necessary to remove the flies from the sprayed
cage to eliminate mortality caused by residual dose on the screen.

It was observed that flies tend to congregate in large numbers to
feed on choice bait and unless violently disturbed, remain relatively
motionless. Movements made were quite limited, often not more
than 3 or 4 inches away to a more desirable feeding spot. Observed
from above, feeding flies assume practically every attitude. When
aircraft sprays were applied, the flies continued feeding while the parti-
cles settled on and about them. This proved disturbing to the
observer since much of the effectiveness of contact sprays is obtained
when the insects collect droplets by flying through the spray. Several
seconds after being hit by droplets the flies left the feeding area.
This accounted for the low number of flies found affected or dead at
the feeding site. After spraying, dying flies could be found at their
resting places, falling out of shrubs and trees to the ground where
their uncoordinated struggling soon buried them in the litter of leaves
and grass.
From these observations it appeared that flies anesthetized

with ether or chloroform would duplicate fairly well the conditions
under which flies would be sprayed in the actual field operation.
Early experiments were conducted in this manner, but cliloroformed
flies recovered rapidly and many test specimens flew away before
they could be transferred to clean cages for observation. The final
field procedure consisted of lightly anesthetizing the specimens and
carefully mounting them on "Tanglefoot" fly paper. The fly was
secured, back down, by outspread wings, thereby exposing to the
insecticidal spray pattern the legs, mouth parts and ventral areas of
the abdomen, thorax, and wings. No difficulty was experienced in
maintaining good controls and dosage mortality information checked
favorably with the chloroform technique previously tried.

In the field tests, 10 to 20 flies were used on 4- by 6-inch sheets of
fly paper which were laid with the horizontal glass slides for dosage
information at each station. After the spray tests, the sheets were
placed in a darkened room to minimize fly activity and observations
were made at hourly intervals. Fly mortality occurred within 1 to
2 hours after treatment with the maximum in 4 hours. There ap-
peared to be a noticeable species susceptibility. Musca domestica
was the first species to die within the first hour, followed by Phaenicia
in the second hour, and finally Callitroga. McNeel 3 and others have
made similar observations which prompted his unpublished statement
that "the brassier the fly, the harder it is to kill." There was con-
siderable variation in mortality for any given applied dosage as may
be expected with the small samples of mixed fly species used in the
study.

3 T. E. McNeel, District Entomologist, Public Health Service, New Orleans, La.
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Although not highly significant, the purpose for which the data were
collected was satisfactorily met. Figure 3 was prepared by plotting
on log probability paper the 4-hour fly mortality against pounds per
acre of active insecticide recovered using Technical DDT, and Gam-
mexane 4 (10 percent -y isomer). Gammexane (10 percent -y isomer)
is used to represent technical 1, 2, 3, 4, 5, 6 hexachlorocyclohexane
of which 10 percent by weight is the gamma isomer. These sprays
were applied from the aircraft at a height of flight of 100 feet and had
median mass diameter (MMD) of from 160 to 200 microns. No
effort was made to correlate the effect of the solvent which in most
cases was Velsicol AR-60 and NR-70. It may be seen from the
curve that to obtain good fly control, recoveries in excess of 0.1

FED. SEC. AGENCY - PHS CDC -

o01 .01 0.1 1.0

Recovery of Insecticide in Pounds Per Acre

ATLANTA, GA. OCT. 194S

FIGURE 3. Comparison of the relative toxicity to common ffies of Technical DDT and
Technical Hexachlorocyclohexane (10 percent 'y isomer) when applied as sprays
from aircraft from an average height of flight of 100 feet. The sprays were composed
of particles having a MMD of 160 to 200 microns. Flies were lightly anesthetized
and carefully fastened, back down, to fly paper. Ten to 20 individuals were used
per sheet. All percentages of mortality were corrected for controls by method of
Abbot (1925).

4Product of Imperial Chemical Industries,
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pound DDT per acre are required. Gammexane (10 percent -y
isomer) appears to be 5.5 to 7 times more toxic to the flies studied
than DDT.

Table 2. Comparative toxicity of DDT and Gammexane applied as aircraft sprays to
common flies

Required aircraft spray recovery, pounds
per acre Sampling

Lethal Dose chance proba-
Technical Gammexane Gamma bilityX
DDT 10 percent Isomer

LD5 ------------0------------------------ 0.022 0.003 0. 0003 P=0.0500.
LD,o - .25 .045 .0045 P=0.0768.

1 Kills obtained from the given doses of each material would have occurred by chance sampling 5 and
8 times in 100 even if there had been no real difference in the two materials.

Results of Field Tests
The basic unit of aircraft insecticidal application is the swath cross

section. To obtain an accurate measurement, several sections must
be averaged together. A reliable notion of the MMD of a particular
spray is quite difficult to obtain and there appeared to be a wide vari-
ation between the calculated and observed MMD for the aerosols.
This may be explained in part by the difficulty in obtaining a repre-
sentative sample of nonhomogeneous aerosols. Some waved slide
samples may contain no large droplets while those a few feet to the
right or left may have many large droplets. All particle-size diame-
ters mentioned were determin6d from subsidence particles collected
across the swath width. All percentages of expected kill indicated on
graphs were those accomplished by the direct contact with spray
exclusive of any residual action.

Aerosols
Figure 4 summarizes the data collected on the performance of a

2-inch venturi and the 4-inch exhaust stack. The heavy lines indi-
cate the single swath cross section and the dotted curve the theoretical
overlapped section of swaths at 100-foot intervals. The maximum
permissable rate of insecticidal flow of 2.5 gpm. was used in the venturi
investigation. With the 30-percent DDT-70-percent Velsicol AR-60
solution, this flow gave an application rate of .375-pound DDT per
acre assuming a 100-foot swath. The median mass diameter (MMD)
of the venturi aerosol was observed to be 100 microns with the mean 5

diameter 65 microns. One half of the particles recovered were below
45 microns in diameter.

To prevent possible confusion between "median mass diameter" and."mean mass diameter" the word:
"mean" is used. The mean diameter is defined as that diameter particle whose mass x the total number of
droplets recovered will equal the mass recovered.
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2 INCH VENTURI AT .375 POUNDS DDT/ACRE
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FIGURE 4. Swath cross sections show the recovery in pounds DDT/Acre at flight
altitude of 50 and 100 feet with a coarse and fine aerosol.

In the first series of recovery tests shown in figure 4, the effect of
height of flight on aerosol recovery is clearly indicated. If it were

possible to treat at low altitudes, the venturi-generated aerosols would
be quite effective in fly control. Owing to the extremely thin but
widespread distribution at increased heights of flight, it appears that
the aerosol would result in nonuniform fly mortality.
The second aerosol series was generated by removing the venturi

and injecting the insecticide into the exhaust stack through a single
X-inch diameter jet. At the same rate of application the 4-inch
exhaust stack would be more effective than the 2-inch venturi at the
100-foot height of flight. This is due to the much larger droplet
pattern produced. The aerosol had a MMD of 150 microns and a

mean of 120 microns in diameter. One-half of the total number of
droplets recovered were less than 60 microns in diameter. The range
was quite wide with droplets varying from 10 to 350 microns. During
uhe experimental trials considerable spray was deposited on the fuse-
lage and tail surfaces. This condition, however, may be corrected
by realigning the end section of the exhaust stack to bear away and
downward from the ship.

FED. SE'
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FIGURE 5. Swath cross sections using wing sprays at a flight altitude of 100 feet with
application rates of 0.3 and 0.5 pound DDT/Acre.

Wing Sprays
A graphical presentation of the performance of wing sprays is given

in figure 5. For the lower rates of application, eight 3 LN 12
cone-type atomizing spray nozzles were employed and for higher
rates, eight 8004 flat-type spray nozzles were used. Both types of
nozzles were manufactured by the Spraying Systems Co. The %,
LN 12 nozzle is rated at 0.2 gpm. at 40 psi., while the 8004 nozzle
delivers 0.4 gpm. at 40 psi.
Good recovery was obtained with the } LN 12 at an application

rate of 0.3-pound DDT per acre. The spray lhad a wide range of
particles having a MMD of 160 microns and a mean of 115 microns.
One-half of the droplets recovered were below 85 microns and were
quite similar to the aerosol generated by the 4-inch exhaust stack.
The swath cross sections show that with the 8004 nozzle applying

insecticide at 0.5 pound DDT per acre the spray provided a good
recovery, however, there is an increased number of large droplets.
The spray had a MMD of 200 microns with a mean of 140 microns.
One-half of the number of droplets recovered were less than 100
microns in diameter.

Table 3 summarizes the swath cross section studied with reference
to expected rates of fly kill when swaths are applied at intervals of
100 feet and at a flight altitude of 100 feet. A 25-percent mortality
through residual action has been assumed in the tabulation.

Application of Data to Urban Fly Control
The single swath recovery curve studies represent conditions when

the air is stable and wind drift is negligible. The distribution during

WING SPRAY RECOVERY
Height of Flight - 100 Feet

8004 Nozzles ot .5 lb. DDT/acre 1/4 LN 12 Nozzles at .3 lb. DDT/ocre
0.4 0.4

MMD 200j, MMD 160.j
I-e-O.3 ~ n O' 0.3 Ma 1,

90% 90%
0.2 S ^ | | 0Ne "0.2

¾.X o% ; Xtt % .

50%~ ~ ~ ~ ~ 0

l100 0 I00U I00 0 00
Distonce in Feet from Center Line of Flight

FED. SEC. AGENCY - PHS CDC -ATLANTA.GA. OCT. 1948
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Table 3. Expected percent of area over which at least 90 percent fly control is obtained
with 100-foot swath and 100-foot height offlight

Expected percent of area'
controlled

Equipment Application MMD per sq. in.
Multiple Single swathswaths in

2-inch venturi -0.375 100 63 15 5
4-inch stack- .375 150 32 65 32
LN-12 spray -.300 160 49 100 39
8004 spray- .500 200 27 100 50

1 Area assumed to lie 100 feet to the right and left of the line of flight.

actual routine treatment will vary somewhat depending upon the
direction and velocity of wind drift and the amount and character
of protective cover. Swaths laid up-wind or down-wind will not alter
considerably the single swath recovery pattern. Cross winds are
most important in altering the pattern of insecticide recovery. It
was demonstrated that low velocity cross winds may be quite bene-
ficial in tending to grade down the peak dosages and thereby provid-
ing a more uniform distribution. Strong cross winds tend to skew
the distribution violently. They also interfere with maintaining
parallel swaths and uniform heights of flight which result in less uni-
form recovery of DDT over the area. Nevertheless, it was concluded
that if the basic swath section and intervals will provide satisfactory
recovery of insecticide in calm air, it may be expected to provide
satisfactory recovery in conditon of wind so long as uniform height of
flight and parallel swaths may be maintained.
Under conditions of a mild (<8 mph.) cross wind and in the

absence of obstruction, maximum recovery of insecticide and high
fly mortality may be expected. Optimum conditions of treatment are
shown in figure 6. Two open garbage dumps were treated at a flight
altitude of 100 feet with a 6-mph. cross wind. Two types of wing
sprays were used, one area being treated with 0.3 pound DDT per
acre, the other with 0.5 pound DDT per acre. Three swaths were
flown at 90-foot intervals and observations made at 20-foot intervals
across the areas treated. On both dumps excellent fly mortality was
observed with reduction of grill counts from about 600 to 50 or less in
4 hours. In both areas the fly kill obtained could have been largely
accomplished without the aid of residual action.

Strong wind and obstructive cover may be expected to limit the
recovery of insecticide due primarily to inability of maintaining uni-
form heights of flight, parallel swath, and by the mechanical barrier
of foliage and buildings. A 10-square block section in an urban com-
munity 6 receiving routine treatment was studied for DDT recovery

6 Wilmington, Delaware, during the P. H. S. Fly Control Project carried on in conjunction with Polio-
myelitis Investigations, August and September 1947.
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WING SPRAY RECOVERY ON OPEN OUMP AREA
Height of Flight -100 Feet
Wind Velocity - 6 M.P.H.

Nozzles at 0.5 lb. DDT/acre 1/4 LN I2 Nozzles'at
- 0~~~~~~~~~~~~..3 lb. DDT/acre40X

0 20 40 60 80 100 120 140 160 180 200 220 240 20 280
DISTANCE IN FEET

FED. SEC. AGENCY - PHS CDC -ATLANTA, . OCT. 1940

FIGURE 6. Maximum expected recovery in pounds DDT/Acre under optimum con-
ditions of wind and cover.

under conditions of turbulent air with gusty winds up to 20 mph. in
velocity. The pilot was unable accurately to maintain level flight
or parallel swath due to rough air and cross drift. Observations
revealed that the insecticide droplets reached the ground approxi-
mately 200 feet down-wind from point of release on most of the swaths
and as far as 400 feet on several others. Slides for recovery data
were placed under trees, in narrow passageways between buildings,
back alleys and on the down-wind side of fences and buildings.
Recovery of DDT under these unfavorable conditions was studied

and the results suimmarized in figure 7. The contours represent the
approximate isomasses of insecticide recovered on the ground surface.
All areas in the open such as streets, vacant lots, etc., were assumed
to have a normal recovery of 0.25 pound per acre. Admittedly, the
number of slides examnined in this study was quite limited and certain
assumptions were necessary in order to complete the contours. How-
ever, even with these limitations, it is believed that the contour
method of presentation of the data most clearly portrays the distri-
bution of the spray and the expected recovery. Surprisingly enough,
no negative slides were obtained but recoveries in heavily vegetated
areas were generally low so that about one-third of the area could not
be considered satisfactorily controlled if allowance for residual kill
was estimated at 25 percent.

Summary and Conclusions
1. Experimental studies on aircraft spray equipment provide basic

data upon which practical and effective fly control may be achieved
rapidly in urban communities.
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LOWEST EXPECTED RECOVERY IN POUNOS DDT PER ACRE UNDER TREES
BETWEEN SUILDINGS AND BACK ALLEYS OF A TYPICAL CITY AREA

Dischorge at 0.3 Pounds DDT Per Acre (8 - 1/4 LN 12)
Height of Flight - 100 to 150 Feet a

Wind Velocity - 20 M.P.H. * Locotion of Slides

Expected Fly Mortality Acres

I 80-90% 10.0
EX/77 zz 70-80% 10.8

60-70% 5.0
IIII III[TM 50-60% 2.9

25-50% 1.2
25% 0.1

%of Total

33.3
36.0
16.7
9.7
4.0 100' c. to

VEg78r- C STREET

XR n ^\
FED. SEC AGENCY- PHS CDC-ATLANTA,GA. OCT. 1948

FIGURE 7. The lowest expected recovery of insecticide under typical urban cover
when application is made during unfavorable weather conditions.

2. Fly control through the application of DDT solutions from air-
craft is obtained jointly by mortality from direct contact with droplets
and through residual toxicity on treated surfaces. The residual
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toxicity is of short duration and in view of many variables can not
be depended upon to provide more than 25 percent kill. Recov-
eries in excess of 0.1 pound of DDT per acre are required for satis-
factory control with spray having median mass diameter (MMD)
of from 160 to 200 microns.

3. Satisfactory fly control in urban situations without staining dam-
age may be obtained with sprays having a MMD of 200 microns
applied at heights of flight of from 100 to 150 feet. The desirable
application rate is 0.5 pound DDT per acre (100-foot swath basis)
using a solution of 30 percent Technical DDT in Velsicol AR-60.

4. Investigations indicate that 1, 2, 3, 4, 5, 6 hexachlorocyclohexane
containing 10 percent available gamma isomer appears to be from
5 to 7 times more toxic than DDT in plane sprays for common flies.

5. Further study is indicated, especially in the use of more toxic
insecticides and smaller but more abundant number of droplets.7 A
careful comparative evaluation of droplet contact and residual mortal-
ities should be made in view of designing aircraft dispersal equipment
to meet all requirements.
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DEATHS DURING WEEK ENDED OCT. 30, 1948
[From the Weekly Mortality Index issued by the National Office of Vital Statistics]

Week ended Correspond-
Oct. 30, 1948 ing week, 1947

Data for 93 large cities of the United States:
Total deaths -- 9,116 8,880
Median for 3 prior years --- 8,880
Total deaths, first 44 weeks of year 403,826 403,352
Deaths under 1 year of age- - -- 632 689
Median for 3 prior years 689
Deaths under 1 year of age, first 44 weeks of year - -- 29,267 32,475

Data from industrial insurance companies:
Policies in force - - - - 70,833,920 67,096,085
Number of death claims-- - 12,484 13,084
Death claims per 1,000 policies in force, annual rate --9.2 10.2
Death claims per 1,000 policies, first 44 weeks of year, annual rate 9.39.3



INCIDENCE OF DISEASE
No health department, State or local, can effectively prevent or control disease without

knowledge of when, where, and under what conditions cases are occurring

UNITED STATES
REPORTS FROM STATES FOR WEEK ENDED -NOVEMBER 6, 1948

A net increase of 124 cases was reported in the incidence of polio-
myelitis-from 830 last week to 954 currently, as compared with a
5-year (1943-47) median of 390 and 564 in 1946, the latter being the
largest number for a corresponding week of the past 5 years. Of the
17 States reporting currently 10 or more cases, 8 showed a decline
from 259 to 197, and 9 States, showing a combined increase of 213
cases, reported as follows (last week's figures in parentheses): New
Jersey 42 (25), Ohio 28 (14), Illinois 23 (21), Minnesota 71 (63),
Iowa 65 (44), South Dakota 111 (58), Virginia 21 (9), Georgia 11 (3),
California 276 (198). The total for the year to date is 24,375, as
compared with 22,941 for the same period in 1946 and a 5-year median
of 12,342.
A total of 2,053 cases of influenza was reported for the week, as

compared with 2,091 last week and a 5-year median of 1,438. A
decline reported in Texas (from 1,205 to 856) was slightly more than
offset by increases chiefly in Virginia (from 251 last week to 459),
South Carolina (279 to 363), Indiana (0 to 41), Oklahoma (34 to 52),
Arizona (27 to 69), and Georgia (4 to 22). The total since August 1
is 17,386 cases (5-year median 12,627), more than for any correspond-
ing period in the past 6 years.
The increase in the incidence of measles (from 1,809 last week to

2,374) is chiefly accounted for in the reports of 6 States, as follows
(last week's figures in parentheses): Massachusetts 359 (251), Penn-
sylvania 214 (24), Wisconsin 104 (60), Wyoming 104 (21), Colorado
146 (39), and California 126 (38).
One case of smallpox was reported for the week, in Tennessee, and

1 case of Rocky Mountain spotted fever, in Oklahoma. Of 13 cases
of tularemia reported, no State reported more than 2 cases.
Deaths recorded during the week in 93 large cities in the United

States totaled 8,990, as compared with 9,116 last week 8,638 and
8,663, respectively, in 1947 and 1946, and a 3-year (1945-47 median
of 8,663). The total for the year to date is 412,816, as compared with
411,990 for the corresponding period last year. Infant deaths totaled
667, last week 632, 3-year median 688. The cumulative figure is
29,934, same period last year 33,163.

(1558)



1559 November 26, 1948

C4D4 - eq --c 410

3CsCsqq ~ee

C4N -4- N~qeN -. OeqN q ,O O Oa

- -~~ eq S~ ~~S.-S S~C~ ~~ ~ eq ,"~~ ~S-C~5Le

1. - 4 ,.- coq' m 00 .-s4 eq..sO-4sOC.

~~eq eq ~~~ t-cO 4-4 eq -I

04

eq M=cs0= ooeqoo. -4 sMCO eq t-00 -. w k

,>,,,~~~~~~~~40N -4 -4
eq

04 ~ ~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ s~q,o cee

q)~~~~~~~~~~c

,,,q

5.4 4'

0 ~:



November 26, 1948

oom

m C14C1

srC-t'eVs-Ceq cq

-rc eq e
C q eq

-C-NTh- -C14CCCCC!-4

CCCCCCCC '- cliCCq C-i'-

C- -

--

'C;:.,

& F-'

4E- O~E- u

zo-~

.l . I

*:1 4

I1 Cl.C-.C 'C.-C

3CC' ~.C' C-SC, CC-

C,]C-- -. 0 C CC-

C", CCCCe

_eq 00-: -C,C"CV O -

t~O sO e ~'z

C14 QCmCC-ClO

I I li -0

C,CC

C: C tctC (S e_3 i C e

a;-H
r ze~~

C-st--f

lC C f-l e'e C lC

CCeq-cl eq
ICC _-~, __

Ic-5 CC, CcI
i CCn

n;os: E,C- c.st-
n~~~~CCs,t Xz;

_NIt'CC cC:C
__-

,,, ,. ..
,,,o _e 1X'

1560

C)

C.W

1-

-1-

CZ,

_ _N

U -
X,,
_ _
,, U,_ _

,.
v. ty _

tO. tr.
cj C: V.

c, e z
t_ I_ C,_

. W^_
--C .

_ __

I
_ G
A ,

^ - G ,>
_ fi
S ^ _
__ J V.
-'t ffi G- C:
_ __ V. _

X-C CsB

._ -_
_ , _ ^

,. rn C

. .y, U V C _

_ 3 '> G; -
_ C>l ,S- C, _,
O W - t-, _

V C_ U -_
_ _ oX _ _

C $ t. V - _
_ X o'. '

C:
I_ t _ z

_,_
_ _

._
C X_
e '
b-

C-_

C .; -C ,_
;; C
_ _ _, *
cr, ,z, ry

. C; C: O
_ _._

O' C: S. C,
_ Z _ ,,

_.C C.B-

,_ C) C,_
o. - Cv XS'- Qr; =

>. Q tC

;R, C C) C U. C;
. e ° C r'

_. _ ._ _

l . fr S __ . _ r.
_ o _._ ko .@.C . _ o ,.
__ c, a _
C,V C _, _ __ > o_ . <,
_ ;R C) __ C3 ¢ ^0 > <

0s

14

-
iE-

C

on

F-

C. 1-4 t-:

- i%. - m

- C4



FOREIGN REPORTS

CANADA

Provtinces-Communicable diseases-Week ended October 16, 1948.-
During the week ended October 16, 1948, cases of certain communi-
cable diseases were reported by the Dominion Bureau of Statistics of
Canada as follows:

Prince Nova New Que- On- Mani- kas Al- British
Disease Edward Scotia Bruns- bec tario toba katch- berta Colum- Total

Island wick ewan bia

Chickenpox --11 1 39 181 34 15 95 137 513
Diphtheria ---2 6 4 2 --- 2 16
Dysentery, bacillary---- 3 ------ 3
German measles ----- 9 1 3 10 23
Influenza --31 ---9 2 ----42
Measles 162 2 111 39 19 11 15 29 388
Meningitis, meningococ-

cal -- --------1
Mumps - -19-- 32 78 30 9 18 23 209
Poliomyelitis -- -2 1 10 4 2 16 7 42
Scarlet fever --3 3 5 33 6 2 5 5 62
Tuberculosis (all forms) -- 6 5 75 23 30 19 6 41 205
Typhoid and paraty-
phoid fever --- 1 9 ------10

Undulant fever -- -- 2 3 1 --- 1 8
Venereal diseases:

Gonorrhea -1 5 10 108 72 19 18 41 46 320
Syphilis - -9 7 54 40 5 3 6 12 136

Whooping cough ---- 50 16 4 12 5 87

WORLD DISTRIBUTION OF CHOLERA, PLAGUE, SMALLPOX, TYPHUS
FEVER, AND YELLOW FEVER

From consular reports international health organizations, medical officers of the Public Health Service,
and other sources. The reports contained in the following tables must not be considered as complete or
final as regards either the list of countries included or the figures for the particular countries for which reports
are given.

NOTE.-Since many of the figures in the following tables are from weekly reports the accumulated totals
are for approximate dates.

CHOLERA

(Cases)

Place

AFRICA
Egypt --------- -------------------

Cairo

ASA
Burma 1_-----------------------------------

Akyab I_____,___________________________
Bassemin
Xoulmein
Rangoon

China:
Hupeh Province

Wuchang
Kiangsi Province -

Kiangsu Province
Shanghai

See footnotes at end of table.

January-
August
1948

Sep-

1948

October 1948-week ended-

2

1-.

44-
5-
1.i

2

3-
29
2
31

(1561)

temher -

9 16 23 30

1

,~~~1_~ .--_,



November 28, 1948 1562

CHOLERA-Continued

January- Sep- October 1948-week ended-
Place August tember

1948 1948 2 9 16 23 30

ASIA-continued
India -- -----------------------

Ahmadabad -

llhbad'X
Bombay'- -----------------
Calcutta - ----------------
Cawnpore - -----------
Cocanada - -----
Colachel - -
Cuddalore - --------
Jodhpur -

Kilakarsi----------------
Lucknow-
Madras-
Nagpur-
Negapatam-
New Delhi-
Rij Samand-
Tuticorin-
Vizagapatam-

India (French);
Chandernagor-
Karikal ---------

Pondicherry-
India (Portuguese)-
Indochina (French);

Annam-
Cambodia - ----------
Cochinchina-

Bien Boa - -----------
Chaudoc-
Cholon-
Giadinhl-
Longzuyen-
Xytho-
Rachgia-
Saigon-

Laos- -------------------
Tonkin - --------------

Pakistan-
Chittagron -- ---------------------
KRarachi. -----
Lahore -- -

Siam-
Syria -- -----------------------

132,024
67
1

35
7, 065

131
10
12
12
3

21
43

218
61
16
26
6
16
I

21
300
369
29

1, 344
588

1
2

29
23
7
56
132
137
5 32
20

25,011
34
4

224
43
3

16,835
9

5
181
25
5

1
53

164
10

b 22
3

7 445--

3 1,489
1

1
42
1

7

1---

4 33

2

46

9

4
277

4 178

2
sa

4 165

70

2--

5 19
1

__ _ __-_

__ ___ _-_

_ ____ _-_

________

1---
_-_

23

I Includes imported cases. 2 Suspected. 3 Preliminary figures. 4 In ports only.
5 Includes suspected cases. e Includes 12 deaths reported as cases in February 1948.
7 For week ended Sept. 4, 1948.

PLAGUE

(Cases)

AFRICA
Belgian Congo

Costermansville Province
Stanleyville Province-

British East Africa:
Kenya-
Tanganyika-

Madagascar-
Tamatave-
Tananarive-

Rhodesia, Northern-
Union of South Africa-

ASIA
Burma 4 --

Nandulay-
Rangoon-

China:
Chekiang Province-

Wenchow-
Fukien Province-

Foochow-
Kiangsi Province-
Kwangtung Province-
Yunnan Province-

See footnotes at end of table.

16
11
5

32
278
354

32
26

2 37

1

13

2

3 1

I

645 67 - 5 3 6-
17-1-19 ----- ---- I------------

37
12

340
4
19

116
95

1

31

____Y__1

--------

--------

.___Y__1
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PLAGUE-Continued

Place

ASIA-continued
India
Indochina (French):

Annam-
Cambodia-
Cochinchina-
Laos -- -----------------------
Mountain Area South-Indochina --

Java-
Pakistan-
Siam-

EITROPE

Portugal: Azores

SOUTH AMERICA
Argentina-

Buenos Aires Province
Brazil-

Alagoas State-
Bahia State-
Ceara State
Pernambuco State-

Ecuador-
Chimborazo Province
Loja Province - -

Peru-
Cajamarca Department
Libertad Department
Lima Department-

Venezuela:
Aragua State-

OCEANIA

Hawaii Territory: Plague-infected rats 8

January- Sep-
August tember
1948 1948

20, 257

142
3
43
2
12

863
11

114

13

12
9

7 60
22
27
5
6
27
1

26
22
11
1

10

7

5

467

14

2

6 63

3

1

-7---

2

9

4

4

October 1948-week ended-

10

16 23 30

34

Oct. 1-10, 1948.
2 Includes 4 cases of pneumonic plague.
3 In Cape Province.
4 Includes imported cases.
5 Outbreak in Hsiakwan (Hsia-kuan).
6 Includes 1 case of pneumonic plague in Surabaya.
7 Jan. 1-May 31, 1948.
Plague infection was also reported in Hawaii Territory, under date of Feb. 27, 1948, in a mass inoculation

of tissue from 19 rats.

SMALLPOX

(Cases-P =present)

AFRICA
Algeria-
Angola I
Basutoland
Belgian Congo
British East Africa:

Kenya --------------------------
Nyasaland-
Tanganyika-
Uganda-

Cameroon (French) -

Dahomey - --------- -------------

Egypt2- -__--_--_--__--_-------Eritrea-
Ethiopia-
French Equatorial Africa-
French Guinea-
French West Africa: Haute-Volta
Gambia-
Gold Coast-
Ivory Coast-
Libya-
Mauritania ---

Mauritius-
Morocco (French)-
Mozanbique-
Nigeria-
See footnotes at end of table.

1563

274
185
3

1,646

106
3,393
847
204

3
337
449
9
20
16

129
437
27

1,132
626
256

1
41
35

219
3,853

43

366

5
344
125

1

83
32

3
1

188
68

43

2
69
9
1
18
31

9
7

10
17

6

l1

~~~~~~~---^~
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SMALLPOX-Continued

January- Sep- October 1948-week ended-
Place August tember -_ _

1948 1948 2 9 16 23 30

AFRICA-continued

Niger Territory-
Rhodesia:

Northern
Southern --------

Senegal ---------------
Sierra Leone --------
Sudan (Anglo-Egyptian)
Sudan (French)-
Swaziland
Togo (British)
Togo (French)
Tunisia
Union of South Africa

ASIA
Arabia
British North Borneo ---
Burma 2

Ceylon t --------------
China 2__________________-______________._
India-
India (French)
India (Portuguese) ---------------

Indochina (French)-
Iran
Iraq 2 ------------------------------------

Japan
Java
Lebanon2 _________________________________
Xacao 8
Malay States (Federated)-
Manchuria ----------------
Pakistan 2- _____________________________
Palestine ------------------------------
Siam
Straits Settlements --
Sumatra 2__________________________________
Syria-
Transjordan-

EUROPE
France --------------------------------

Germany-
Greece ------- ------------

Italy 2 _______________________________-_-
Portugal -----------
Spain

Canary Islands -----
Turkey -----------------

NORTH AMERICA

British Honduras
Guatemala-
Mexico -------------------------------

SOUTH AMERICA
Argentina-
Bolivia-
Brazil ----------- ---------------
Chile --------------------------------
Colombia -----------
Ecuador ------------- --

Paraguay
Peru '___________
Trinidad-
Venezuela '------------------------------

361

585
1,513

9
168

1,386
17
5
9

92
516
52

8
1

2,785
19

3, 705
57, 143

6
150

3,782
544
822
26
1

59

419
78

11,756
8

497
11

1,696
102
13

3
3
8
2

74
19
9

6

42

14

8

54

25

76

15
98

1

2

11

543

25

15

11

23

a A

17

2

v'- -

_:IIIzzj7_ --_-_2i_6

1 - ~~~~~-i - -~1---------------------------
-1 .

.1111 j-I- -I- -6-.

914~

13
31

244
8

5,376
2,768

96
1,120

1' 12
4,063

7

102
5

-50i

3

26

I Includes Alastrim.
2 Includes imported cases.
3 In Alexandria.
4 In Port Louis-imported.
' Oct. 1-10, 1948.
6 In Rangoon.
7 Preliminary figures.
8 Seaport in Portuguese colony on Island of Macao, China.
9 Corrected figure.
s In Padang.
"1 In Oporto.
2 Alastrim.

3

9

-I-----

3

---i ----132

21

18

1
--------

9

3

--------

7 107

6

18

--------

24
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TYPHUS FEVER

(Cases)

(P= Present)

!.January- Sep- Oetober 1918 -week eided(l
Place August tensber -

1948 1948 2 9 16 2:3 30

AFR*ICAii
Algeria - -. 162 9
Basutoland - -.- -- - 8
Belgian Congo 179 18 --------
British East Africa: ---

Kenya I 69
Zanzibar .-1

Egypt --294 9 20j 22 21! 21
Eritrea, -- 53 1_ I
thiopia 75

French Equatorial Africa 1
(01Li-Coast' 7 ----|---- - - --------
Libya 473 10 51 2!
Morocco (French) 73 3I _-_-_-- 3 1 _ ---------

Morocco (International Zone) 5----
Morocco (Spanish) I 8 - - !--------
Mozambique I ------- 3
Nigeria' - 7 --

Ithodesia (Southern) --1
Senegal - 44
Sierra Leone --- 4
Somalia - 2
Tunisia' - - - 607 4 -------- - -- --------
Uniion of South Africa I 332 20 -P 1--

ASIA
Burma 5 1-! - -
China - - -161 6 -

India (Portuguese) ----------------------- 7- - ---Indochina (French) ' 53 10 3 2 --1--
Iran '- 127 4
Iraq ' - --- 193 7! 1 i- 1-
Japan ---------------------- 453 3-- -----

Java--- 3 -- -------- -------- --

Manchuria -
-----39 - I-!

Pakistan --22
Palestine ' ---------------------- 12
Philippine Islands --5 __ 5 ----------------------- -- -I-- -- -

Straits Settlements' 20 I
Syria'l_______________ __ ______ _ 58 1-- 1--- --- -------

-

Transjordan 6 60 --------I I
Turkey (see Turkey in Europe).

EUROPE
Albania 15
Bulgaria - -- - ---------------- 736 6 -------- - ------ - -------- -------
Czechoslovakia 7- 17
France 5------------------------------- - _
Germany 21
Great Britain:

Cyprus4 1. 1 -1 - 1 --- ------ -- -- ----- --
England and Wales 4---2 I-I-----__7_

London----------------------------- 4-7--
Ireland (Northern) - -----1 4 2-
Malta4 -- i------- 14 2 ------- l ---------------

GJreece'- 1--------------------------- ]22 40 13 16 31
Hungary - -51 4 I1
Italy - - -306 113

Sicily -------------- 5
Netherlands ---- - - - 1
Poland 26---------------------- 261 15 ------- --
Portugal-Madeira Islands: 1 -

Rumania'I 91,f.2- 59 9 10-1---t
Spain ----------------------- 191 1 9 -
Turkey -----8-------------------------1 28' 17j 101 2 2 4
Yugoslavia - - 565 14 -6f _-_-------- --------

NORTH AMERICA 2!Costa Rica 4 ..( ._ .- .-- .- -- ._ --- .---.. 1
Cuba 4 - -(- '-
Guatemala -- -106 -__
Jamaica4 . - - 17- 1 |-
Mexico' ------ 1-----------------2- -

--

Panama Canal Zone '- - - - 5 - -- - ---
Panama Republic 6 ---- 1 I
Puerto Rico' --l 30-1 6 -- 11
See footnotes at end of table.
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TYPHUS FEVER-Continued

January- Sep- October 1948-week ended-
Place August tember

1948 1948 2 9 16 23 30

SOUTH AMERICA
Argentina -20
Bolivia -.---------- 8105 .
Brazil.- 115 1 2

Chile -------------------- 263 6 1
Colombia 1_------- 2,178 309 4 2 11
CuraVao 4 . 13 2 -----

Ecuador -- -- - 373 1
Peru-~~~~~~~~~~~399.--

Venezuela -136 6 9 1 '0 I

OCEANIA
Australia 4 -- _134 7-- 4 --

Hawaii Territory 4 12 -- -

Honolulu- - 2
New Caledonia - - I

*Reports from some areas are probably murine type, while others include both murine and louse-borne
types.

' Includes murine type.
2 In ports only.
3 OCt. 1-10, 1948.
4 Murine type.
5 Includes suspected cases.
6 Corrected figure.
7 Imported.
8 Includes 9 deaths reported as cases in Cochabamba Department in March l948.
9 In Porlamar.
10 In Carupano.

YELLOW FEVER
(C-cases; D-deaths)

AFRICA

French West Africa-Sudan:
Sebekoro- D

Gold Coast:
Kumasi- D
Aecra- D

Ivory Coast:
Gagnao- D

SOUTH AMERICA

Argentina:
Cerro Azul, Misiones Territory D

Bolivia.2
Brazil:

Ilheus City, Itajuipe, Bahia State D
Sao Luiz Gonzaga Rio Grande do
Sul State- D

British Guiana- D
Colombia;

Antioquia Department:
Maceo - --D----- D
Yolomba- D

Boyaca Department:
Campohermoso- D

Caldas Department:
La Dorado- D
Samana- D
La Victoria- D

Cundinamarea Department:
Medina- D

Intendencia of Meta;
Cumaral- D
Restrepo- D
San Martin- D

Peru.4
Venezuela:

Boatanamo, Tumeremo County,
Bolivar State- D

1
2

1

1

1

l iI.1-
4
1

1

1
1
1

7

1
1
1

1

1

' Suspected.
2 Delayed report: During the months of April and May 1947, 5 confirmed cases of yellow fever were re-

ported in Bolivia, distributed as follows: Santa Cruz Department-Nuflo de Chavez 1, Concepcion 1,
Cereado 1; La Paz Department-Province of Sud Yungas Chulumani 1; Province of Nor Yungas, Coroico 1.
(See PUBLIC HEALTH REPORTS for July 30, 1948 p. 1,024).

3 In forested area, 60 miles up Berbice River from Kwakwani,
4 Delayed report; On July 23, 1948, 1 death from yellow fever was reported to have occurred in Tingo

Maria Huanuco Provnce, Huanuco Department, Peru, in the month of November 1947.


