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SAIHTATION ON THE ISTHMUS OF PANAllA

DURING THE OONSTRUOTIVE PERIOD.

HISTOFIOAL

One of the chief difficulties that had to

be ovorcone in the building of the canal across the

Isthmus of Panama were the health conditions of the

tropics. It became a recognized fact that the Canal

project could not be carried on by Americans except the

entire region be put on a secure health basis. Shortly

before the American uovemment determined to build the

Canal, it had been recently discovered and proved that

certain mosquitoes vsere the carriers of the dreaded

diseases of yellow and malaria fever so common in the

tropics. The French forces prior to the Americaii

occupation had suffered immensely from the ravages of

fever, but there was coioparative freedom from yellow

fever during the last seven years the French were on

the Isthmus.

There were many theories as to how the fevers

were contracted and carried from one person to another.
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One prevalent idea that still holds in the minds of

many people is that fever lurks in lov7, marshy and

damp places aiid in some mysterious way gets into the

human system. The damp and marshy places are still

the principal factors in the propagation of the diseases

and the connection between the tvio has novj been proven

to he the mosquito. It has been told for a positive

fact that in the early days of the Panama Railroad when

passenger trains crossed the "Mindi S^jamp" between

Colon and Gatun, the car windows and doors were closed

to keep out the fever. Another idea that the med-

ical authorities worked on in Havana, Cuba, was that

yellow fever might be caused by filth, so they set

about to clean the city. It did not reduce the

number of cases of fever, but rather increased them.

The theory that malaria is carried by mos-

quitoes of the Anopheles species was demonstrated by

Dir Ponald Ross of the British Medical Service of

India, who came to that conclusion after a long series

of experiments ending in 1898. A little later it

was discovered that yellow fever is transmitted by

the Stegorayia Oalopus in the experiments carried out

Dy Drs. Salter Reed, ^esse ??. Lazear, James Carrol and

A. Agramonte of the American Array in Havana in 1901,
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In January'' of 190^, the quarantine of Colon

and Panama vjas turned over to the Government of the

United States and in June of the same year, the present

permanent Sanitary Department was established with Col.

1. C. Gorgas, who was previously Health Officer at

Havana, as head of the Department, and Dr. H. H. Carter,

fever expert, as director of Hospitals. The depart-

ment iimnediately began its work of "cleaning the Isth-

mus" and the two first objective points were the cities

of Colon and Panama. Malaria, typhoid and plagiae

aboiinded in both ofi these places, the streets were un-

paved and undrained and were commonly used as a dumping

ground, making it practically impossible for vehicles

to get from place to place. There was no system of

water works in either of the places, so the people

were dependent on cisterns for their water supply.

The work of installing the water system was greatly

hampered as there was only a small supply of iron

pipe on the Isthmus, and it took a long time to get

it from the States. There was a scarcity of other

supplies, notably copper wire screening, which could

not be purchased in the United States in large quan-

tities. An epidemic of yellow fever broke out on

the Isthmus in ouly 1904, about the tiiae the first

American- 'employees were arriving, which lasted till
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December 1905. This hastened the delivery of supplies

and made it necessary for the Sanitary Department to

work in great earnest. During this period there were

2^S cases of yellow fever and 84 deaths of which 134

cases and 24 deaths were among Caiial employees.

VARIETIES & DESCRIPTIONS OP MOSQUITOES

The department in its anti -mosquito campaign

endeavored to eliminate all breeding places and to

maintain high standards of cleanliness in all of the

settlements along the lathjiius. It was then of utmost

importance to become familiar vjith the different var-

ieties of mosquitoes so as to be able to identify

them at a glance, to kno« whether they are carriers

or not. The mosquito, like the fly, moth, and many

other insects has four distinct periods of development

in its life, namely the egg, larva, pupa and adult

stages. The eggs of the adult mosquito are deposited

on grasses or other objects sear the surface of the

water in such a memner that any disturbance of the

surface will wash them in. VJater is an absolute

essential for the development of the mosquito and

without it, it csjinot propogate. The egg period
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varies from 24 to 36 hours depending on tho variety of

the mosquito. It then passes to the larva stage in

which form it ia more commonly called a ffwiggler" "by

the people of this country. This period laata from 3

to S days, then comes the "pupa" stage of one day's

duration. The adult mosquito emerges from the pupa

shell full grown and lives from 5 to 10 or more weeks.

There are three distinct species that are

common on the Isthmus, each one having their own

peculiar hahits and characteristics, making^ very easy

to distinguish them. It is absolutely essential to

be able to identify the different varieties of the

mosquito to determine whether they are carriers or not.

Mosqmitoes that are common on the Isthmus may be di-

vided into three general classes as follows:

-

1. Oulex - common harmless variety

2. Anopheles - malaria fever carrier

3. Stegomyla - yellow fever carrier

There are ten varieties of anopheles and the following

table gives their names aoid the percentage of them

them that are infected. It should be stated that all

anopheles do not carry malaria, only certain varieties.
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1, Albimanua - - 70,2^

2. Tarsiraaoulata - 60,0^

b. Pseudopunotipennis 12.9^

4. Argyritarsis - 0.0^

5. Gorgasi - - 0.0'5?

6. Cruzii - - 0.0^-

7. Apicmacula - - 0,0'fc

8. Malefactor - - O.Ofc

9. Eiseni - - 0.0^

10. Frsuaoiscanua - 0.07=

There are four varieties of the anopheles

that abound in any numbers, and they are the albimanua,

tarsimaculata, pseudopunotipennis and the malefactor.

It can be seen from the above table that the more common

varieties are heavier carriers than the less coromon.

The only frequent occuring anopheles that does not

carry malaria is the malefactor. The anopheles may

also be divided into groups according to their markings:

White Hind Foot Group:

Albimanus

Tarsimaculata

Argyritarsis

Leg Uniformly Qolored Group

Pseudopunotipennis

Franciscanus
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Spotted Leg Group:

Malefactor

Apicmacula

There are many ways of distinguishing the

different varieties of mosquitoes in their various

forms of life. Taking first the egg stage, it has

been so far impossihle to distinguish the eggs of the

different varieties. It is very easy to identify

the culex, anopheline and stegom?/ia larva without the

aid of a microscope. The culex larva may he observed

apparently hanging from the surface of the water with

their bodies inclined at an angle of 45 degrees. They

move in quick, short, jerky motions through the water

from the surface to their feeding place. The anopBie-

line larvae are extremely active and it is only by

approaching the breeding place with caution that the

observer may see them without disturbing them and cause

them to seek places of safety. They dash through the

water at great speed and hide in obscure places. The

larva require air to breathe and have to come to the

surface for it and may be observed at that time. The

anopheline larva float on the surface of the water

with their bodies parallel to it. They are darker

colored than the culex, being very nearly black. An

expert can distinguish some of the varieties in the





larva stage. The ategorayla larvae may be recognized

by their "snake-like movements in the water and are

longer than either the culox or the anopheles.

In the pupa stage, they are all more or leas

similiar, hovjover the anopheline pupae may be distin-

guished from the pupae of the culex and ategomyia aa

being smaller and darker colored.

VJith a little experience in observance, the

different classes of adulta may be readily identified.

First, the culex vjhich is the most common and harmless

can always be recognized in a resting position, as the

body of the mosquito is parallel to the object it is

restin on. The anophols§ r?s body when resting at an

angle of about ^5 degrees. They usually rest on

vertical walls euid surfaces and dark hanging objects,

seldom on ceilings, and in one inatance, one was aeen

resting on a horizontal surface but this is exoeedinly

rare. The albimanua and tarsimaculata are practically

alike, differing only in the number of rings of whit© and

black on the end of the proboscis. The last segment

of the hind legs of the two varieties ia white, the

legs are held up in a curved position at the back of

the body, and are not used in supporting the weight of

of the mosquito when at rest. The pseudopunctipennis
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±3 rather of infrequent occurrence, "but may "be distin-

guished by the curved and uniformly colored legs. All

anopheles have mottled or spotted wings, culex have

plain wings, and the stegomyia have plain wings with

heart-shaped markings on the back only visible through

the microscope. The malefactor, which is harmless

so far as being a carries of malaria is concerned has a

slightly wider wing than the other anopheles and whereas

other anopheles have throe distinct spots on each wing,

only two are pronounced in the malefactor. The legs

of the malefactor extend straight out from the back,

whibh is another distinguishable feature. These

descriptions should enable the average observer to

distinguish the different varieties of mosquitoes

occuring on the Isthmus.
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HABITS OP THE BIFPEBENT VAP.IETIES.

No hard and fast rules may be laid down in regard

to the places where the different mosquitoes propogate,

but some general characteristics of the varieties may

be formulated. The culex prefer to lay their eggs

in atill water and the larvae can live in stagnant and

polluted water. This makes it essential that ajiy

container that will hold water should be destroyed or

placed in such a manner that it will not remain a

container. broken bottles, old tin cans, and watering

places for fowls are the most frequent among the list

of containers, and great care should be exercised so

as to remove all possiblity of having containers about

a house. The culex are not so liable to be found

in running water, but where the current is sluggiish

they are occassionilly found.

The anopheles are much more particular about

there breeding places for they require and prefer run-

ning water. They sometimes occur in the hoof-prints

of cattle when the wate-*" is fresh. The alga© growth

in the bottoms of shallow slow flowing streams makes

ideal breeding places for the anopheles, the algao

being a plant growth which is thei-^ food supply and

also makes a harboring place for them. Anopheles are

commonly fotind in drainage ditches that are filled with
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a rank growth of weeds and grasa and the current of

the water having been nearly stopped. The method of

determining the presence of anopheles in such a caee is

quite easy. The inspector who carries a small dipper

or saucer in his pocket, dips up some of the water,

being careful to do it before the larvae have a chance

to hide in inaaceasible places. v Ihen it is desired

to know the particular variety cuptured, some of the

larvae may be taken to the office of the Inspector

and there permitted to develope to the adult stage in a

screened enclosure.

The breeding places of the larvae of stegomyia

is always in containers with culex larvae in the immediate

vicinity of the dwellings of human beings, and are often

known as the" domestic" mosquito. The stegomyia

prefer fresh water and the more putrid the water, the

more culex there will be present. Stegomyia and

anopheles are not common in the same water, but they

may occur in large containers where vegetable matter is

abundant. The most common place of finding the steg-

omyia is in the rain barrels that are used in collecting

the runoff water. Should people living in isolated

districts move away and leave containers with stegomyia

larvae present, they will soon disa^^pear. This fact

has been clearly demonstrated in a number of cases on
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the lathmua. They do not occur north of the frost

line, but Tihen they do, it is probably because they ^ere

carried either in the larva stage or the adults were

carried by people. l^ater casks often contained stegomyia

larva and this can account for yellov? fever on shipboard

in the old sailing days. It is said that when the

Americans took charge of the hospitals at Colon and

Ancon, that to preVent ants and other crawling insects

from getting into the beds, each bedpost had been set in

a small dish of water, whic^ was an ideal isSass breeding

place for stegomyia. So that it is possible that many

cases of yellow fever were developed after the patients

arrived at the hospital for ether treatment. The

question has often been asked "How many times does a

mosquito have to bite a person in order to transmit

fever?" In the case of stegomyia, one bite is suf-

ficient to give yellow fever, but with the anopheles

it is not so easily detennined for much depends on the

physical condition of the victim and the degree of

infection of the mosquito. An ordinary person can

withstand a dozen or more bites from infected anopheles

while some can withstand a hundred bites and not have

it immediately. Persons living in communities where

there are infected anopheles and are bitten frequently

or infrequently will sooner or later have malaria.
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The anopheles are as a rule not actiTe

during the day, hut at certain seasons of the year,

they have been known to bite a person in the sunlight.

The stegomyia bite more often in the afterfaoon, and

usually aroiind the legs and that may be the reason why

putees aro worn both by men working in the office and

in the field.

METHOD OF CONTAGION

The theory of the method of contagion is that

an adult stegomyia must first bite a person infected

with yelloB fever, and then after a period of IS days

it is capable of transferring the disease to a person

not infected. The mosquito in itself gives fever and

it has been further demonstrated that the stegomyia Is

the only carrier of yellow fever, and the anopheles, the

malaria.
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THE DEPAI^TMENT OF SANITATION.

After becoming familiar with the traits and

characteristics and modes of habitation of the different

kinds of mosquitoes, the work of the Sanitary Department

was very much simplified. The department had the

fundamental principals to work on following the experiments

in Havana and it was still to be demonstrated that the

theories would work out on a large scale. This

work was carried on by a corps of Sanitary Inspectors

under the immediate jurisdiction of the Chief Sanitary

Insriector. The total area over which the sanitary

work extended was more than 100 square miles, subdivided

into districts with the number of Inspectors assigned

to each district as follows:

1. Balboa

2. Ancon -

3. Corozal

4. Miraflorea -

5. Pedro Miguel

6. Paraiso

7. Culebra

8. Empire

9. Las Gascadas
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10. Bas Obispo - - 1.

11. Matachin - - 1.

12. Gorgona - - 1.

IS. San Pablo
1.

14. Tabemilla

15. Frijolea - - 1.

16. o-atiAn - - 4.

17. Porto Bello - 1.

The personnel of the Division of Zone Sani-

tation is as follows:

1 Chief Sanitary Inspector

1 Assistant Chief Sanitary Inspector

2 Division Inspectors

26 District Inspectors

1 Entomologist

18 Foremen and 223 Laborers

A book of instructions has been compiled for

the guidance of Sanitary Inspectors in the performance

of their duties which sets forth the making out of routine

and special reports, building and screening regulations,

fumigation, disinfection, etc. The Inspectors are

required to be familiar with the appearance, life his-

tory and habits of the anophelines, stegorayia and

culicenes. They are expested to be able to distin-





16.

guish these species in their larval and adult forms,

and to be familiar with the different methods of mos-

quito eradication. In addition they are expected to

"be fsjuiliar with the breeding habits of the house fly

and the usual methods of their extermination.

\^ork of the Canal^ Zone Sanitation.

The work done by the Division of Canal Zone

banitation vnot including the cities of Colon and

Panama) may be classified in the order of its relative

importance and magnitude into

(1) Anti-raalaria work

^2) Anti-yellow fever work

vJ5/ Anti-plague work

v^) Anti-typhoid and dysentery work

(5) General Sanitary '•'Jork

The anti-malarial work is most important from

the standpoint of the Sanitary Inspector for it claims

by far the largest portion of his tim.e and efforts and

the efficiency of the station is gaxiged by the number of

cases of malaria sent to the hospitals during the

current month. Each month a report is received from the

Chief Sanitary Officer giving the "standing" of each

station and the rate of malaria.
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The anti-malariai work carried on by the Divi-

sion of Canal Zone Sanitation may be subdivided into the

following heads:

A. Elimination of breeding places of Anophelines

vl/ By filling.

^5) By drainage— sub-soil and surface.

^3. By admitting sea water into fresh i^ater ares a

v4; By cleaning and training the banks of streams

and stagnant bodies of water.

(5j By brush-clearing and grass-cutting.

^6/ By concreting ditches in permanent districts.

(7 , By the introduction of fish into reservoirs

and other bodies of water where oiling

and treating with "larvacide" would be

impracticable.

^8; By oiling, either by hand or automatic

drip devices.

(9; By periodical application of larvacide.

(The last three methods also serve to destroy

whatever larvae happen to be in the areas

treated. )

B. Destruction of larvae.

(1/ Oiling with crude oil.

(2/ Application of larvacide.

(3; Introduction of fish.
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G. Destruction of Adult Anopheles.

vl/ Catching ezid killing with the aid of a

tube containing a cotton wad saturated vsith

chloroform.

{2 J Catching in traps.

.2) Fumigation.

Elimination of Breeding Places.

The elimination of breeding places by means of

drainage is perhaps the most common method that has been

adopted, but this is always subject to the topography

of the surrounding country. However, it may be said

that in the seven years of experience of the Department,

it has been proven that the open earth ditch under

tropicrl condition^ is wasteful in cost and effort.

The unlined ditches are expensive and unsatisfactory

maJceehifte, on±y to be adopted when the work is of a

very temporary nature or as a preliminary to the instal-

lation of subsoil drainage.

Sub-drainage is far superior to open ditches

in every way and should be used where ever conditions

are favorable. Ditches for sub-soil drainage must

be cut to a true grade and should be made as narrow as

possible so as to reduce the amount of cover stone
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necesaary. In narrow ravines is more suitable, a

trench is dug, a tile laid in the bottom and covered

with stones and cinders. The tile should he laid to

true grade T?ith open joints of ahout 1/8 inch, and then

be covered over with field stone of about ^ to 6 inches

in diameter. When the soil over the stones is covered

vsith vegetation, the spaces between the cofeor stones

does not fill up. VJater will find its viay through the

joints into the tile line. The grade should not

be less the I'fc , and special care should be taken to have

the outlet of the tile kept clear at all times. Some

drains that have been in use over three years have not

had one cent expended on them for maintenance since

they were installed.

liVhere surface ditches are the only alternative,

there are some principles to be borne in mind in laying

them out so they will be most effective. YJhen a side

hill drains into a level area, the ditches are to be

located at the toe of the slope around the edge of the

hill, so as to catch the water before it spreads out

over the level area. Some difficulty had been exper-

ienced in a particular area of the Gatuni District where

the above conditions prevailed. Many ditches had been

cut across the level area in an effort to drain it, and

finally the scheme outlined above with the ditches at

the toe of the slope was adopted, which proved very

satisfactory.
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In Gatun, a novel section has been adopted to

meet certain conditions of drainage and has proven very

successful in the case mentioned in the preccrding para-

graph. It was required to provide for a steady flow of

small cross-section and at the same time he ahle to take

care of storm water without over flowing the banks.

A wide ditch was cut ^ see sketch on following page;

about three foet Hide and one and one-haJf feet deep,

and in the center of the bottom was cut another ditch

of smaller cross-section. The large section was

designed to take care of the storm water while the

narrow section in the bottom was for the natural

drainage. The object of the deep narrow section was

to reduce the surface exposed, increase the depth and

velocity as much as possible. Had this same amount

of water been permitted to spread out over the bottom

of the wide section, it would have been very shallow,

and the fxow would have been very sluggish, which would

bevery favorable for the breeding oX anopheles.

Another ingenious scheme to prevent the

streams from being choked with weeds and grass where

the ppen ditches were to be perraajnent was to concrete

the bottoms. Ashell of concrete, varying in thickness

from four to six inche^jWas laid to grade, and in this

way, a permanent ditch with a uniform velocity was ob-

tained, oeven miles of these ditches were laid in

GatTAn District up till July, 1913.
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Clearing and Training of Banks.

Pockets and irregularities in banks of streams

and vegetation In the i!?atcr are most favorable breeding

places. The banks are kept free from pockets and well

above the high water so as to be free from vegetation.

One method adopted to some extent was the burning of grass

on the edges of the stream, but as this vsas neither

premanent nor satisfactory, it was only used where

there was no other alternative.

The banks are trimmed and lined with stone

where ever neceeastry; the pockets filled or cut away,

and the courses of the streams straightened. Algae

growth can be destroyed with a solution of copper

sulphate or larvacide .which will be described later)

or be raked out onto the high ground and burned.

Introduction of Fish.

The introduction of fish into the streams

and reservoirs from which water supplies are derived

has met with much success on the Canai Zone. A

variety of fish known as "Millions", a very small top

minnow of the species Gerardinus occuring only in waters

surrounding the Island of Earbadoes off the north coast
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of South America has been used for the purpose of

destroying the larvae. Under the climatic conditions

of the Zone, these fish multiply very rapidly, and this

has proved a successful method in the destruction of

larvae where larvacide and copper sulphate cannot be

used. The introduction of fish is however not nearly

as efficient as the use of larvacide and ia only to be

recommended for large bodies of v^ater. In order that

the fish may have ready access to the mosquito larvae,

it is necessary to keep the banks as free of vegetation

as possible and to train them so as to prevent small

collections of water being separated from the main

body. The Pio Grande reservoir was one of the sources

of water supply for Oiklebra and the towns west, and a

gang of six to eight men were kept constantly busy

cutting the grass and training th© banks. It took

about three months to make the entire circle of the

reservoir and in that time, the grass had grown to a

height of three and four feet. Anumber of teats were

made of the water on the edges and they failed to reveal

any larvae. Although no copper sulphate had been

used, the absence of larvae may be explained by the surface

movements of the water which prevented the larvae from

breathing on the surface. One of the Sanitary Inspec-

tors had been working along this line and was devising

some mechanical means of producing a surface movement.
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Views of Prijoles from the Sanitary Office.
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A small concrete "test pond" V7as built near

the office of the Sanitary Ispeotor at Frijoles, and

"millions" were introduced into it. Although the entire

surface vsas exposed, no larvae were ever found.

Oiling.

The surface of stagnant bodies of water that

are not drainable, and sluggish flo^juing streams mere

given an application of crude oil. The object of the

oil is to produce a thin film on the surface which

will prevent the larvae from breathing. The larvae are

not able to puncture the oil film with their breathing

tube and will droiwn if they cannot get air.

c The crude oil used in this connection comes

from Southern California in great tank boats and is

stored in steel cylinders of about 20 feet in diameter.

It is a heavy asphaltura base oil and is used just as

received without altering the constituents. The method

of application varies with the area to be treated. An

automatic drip device has been used in streams of mod-

erate flow and has proven very satisfactory. An

ordinary galvanized iron ash can of about 30 gallons

capacity serves the purpose very well. A hole 2"x3/8"
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is made in the sides about three inches from the hotton.

Into this opening is soldered a flat spout 1 o/ 4- wide,

1 4" high and 2 1, ki" long into which is inserted an

ordinary lamp wick. The rate of flow can he regulated

by compreesing the spout until the oil drips with

sufficient rapidity to give a good oil film. TO

prevent a clogging of the wick, a sufficient amount of

water was placed in the bottom of the can extending

within an inch or so of the wick.

In order to be efficient, these cans are

mounted two or three feet above the surface of the

water to which the drip is to be applied, so the drops

may strike the surface with sufficient force to be

broken up.

stagnant
Large bodies of/vwater are oiled by the

periodical application of a thick layer of oil, and is

repeated whenever the layer is broken up by rains,

floods, winds, etc., Tihen the prevailing winds blow

steadily from the same point of the compass, the oil

layers on pools shift to the leeward exposing a more

or less extensive surface. To prevent this shifting,

planks and timbers have been anchored at intervals

along the windward portion of the pools.
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The secret of successful oiling ji,a a contin-

uous oil film. vegetation protruding through the oil

layer destroys the continuity unleasthe oil layer is

very thick, and it is surprising hovj quickly a mosquito

larva will find a small fault in a large oil surface.

A simple method of obtaining automatically a

thin layer of oil has been adopted on streams of lev?

velocity. A bundle of common cotton waste is soaked

in crude oil and dropped into a stream V9ith a stone

attached to it to keep it from floating down. This

bundle of waste slowly casts off the oil and a very

satisfactory oil layer results. A similar scheme

was arranged in the Miraflores District where ditching

would not drain a certain area. The ground at this

place was spongy and held a great deal of water for a

long time after it had rained and it took several weeks

for it to dry out. A barrel with holes in the bottom

was svmk in the ground even with the surface., and was

filled with oil soaked waste. ^hen ever the area

became saturated with water, the water would enter

through the holes in the bottom forcing a portion of

the oil: to the surface which escaped making a thin oil

film, which covered the surrotmding area. Three such

barrels were placed on the up-hill side and were suffi-
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cient to take care of the area.

In some places the grass on the edges of the

streams is burned hy a special grass-turner which may

be described ae follows: A small barrel fitted with a

Myer's Barrel Pump is filled with a mixture of 90 parts

of crude oil and ten parts of iarvacide. To the pump

is attached a 50-foot ^ength of 1/2- hose, terminating

in a 6-foot 1/2 inch pipe with a spmynozzle at the end.

The fire is started at the windward end of the ditch

and the spray of oil mixture is directed into it. As

the fire-spreads, the spray is advanced to the leeward.

Three men with this apparatus will bum about 600 feet

of ordinary ditch in eight hours at a cost of about

2^ per running foot.

Larvacide

The larvacide as manufactured on the Isthmus

is prepared from crude carbolic acid, a substance con-

taining Sfc to 30^ of tar acids with a large amount of

inert oils. The crude acid is iramiscable with water

and is therefore a very inefficient disinfectant on

account of its inability to come in contact with the

micro-organisms. However, when the crude acid is made

into a liquid soap by heating with resin and alkali, a

product results which emulsifies on the addition of a
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large amount of water. The product is not only most

effective in the destruction of larvae but is also valuable

and cheap disinfectant.

Method of Manufacture:- The chemical require-

ments of the crude carbolic acid call for a specific

gravity of not greater than 0.97 and to contain not less

than 15/: of tar acids. Each shipment is assayed at

the laboratory for it is necessary to keep the product

of a specific gravity approximately that of water so

that it will diffuse rapidly and neither sink to the

bottom nor remain on the surface. One hundred and fifty

gallons of crude carbolic acid are heated in an iron

tank having a steam coil with steam at a pressure of

fifty pounds to a temperature of 212 degrees F. Two

hundred pounds of finely sifted common resin are dissolved

in the heated acid and thirty pounds of sodium hydroxide

dissolved in six gallons of water are added. It is

stirred by means of a mechanical stirring rod attached

to the edge of the tank. The product will yeild about

three and one half barrels at a cost of ISs^- per gallon.

As a mosquito larvacide it is mixed one part

of larvacide to five of water, and le used by spraying

the margin of pools and ponds or other mosquito breeding

places, so that the resulting dilution of the larvacide

has a thin milky opalescense representing approximately

a dilution of 1 to 5000. Tests are made of the larva-
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Clde noting the time it vsiil require a dilution of 1 to

5000 to kill the larvae or the time they leave the surface

and are unable to return. This larvacide will kill

mosquito larva© in a 1 to 1000 emuleion in water in 1

to 5 minutes and a 1 to 5000 in one-half hour. Anopheline

larvae are slightly more resistant than culex larvae,

and all pupa© are more resistant than larvae to the effects

of the larvacide.

lith a larvaoidal agent so destructive to

mosquito larvae, it is natural to inquire how often will

it be necessary to reapply the larvacide for the purpose

of destroying the mosquito larvae. Assuming that

mosquito eggs have just been laid on a pool, it will bo

necessary to reapply before the brood pupates, for pupae

are more resistant to the powers of the larvacide and the

latter cannot be depended on to destroy them. It has

been found by Dr. Darling that by breeding anophelines

in the laboratory that an anopheles albimanus egg period

is about 26 hours, the larva period 9 days and the pupae

about two days. As these periods are likely to be a

little shorter out of doors where there is abundant

food and sunshine, the larvacide is applied every seven

days. In this way all broods are destroyed in the

larval stage and thus prevent breeding.
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Dostruotion of the Adult Mosquitoes.

The success of destroying the adult mosquito

far exceeded the most optimistic expectations of the

memhers of the Department. The two methods that have

given the best results are the catching by hand and the

catching in traps.

In the hand catching, use is made of a glass

tube about five Inchei long and one inch in diameter.

In the bottom of this tube is placed a layer of cut

rubber bands, then a layer of cotton which is covered

with a couple of circular pieces of blotting paper,

exactly fitting the tube. The "wad" is then saturated

With chloroform and the tube is kept corked except

when in use. In the capturing and killing of a

mosquito that may be at rest on an objett or' wall, the

tube is cautiously placed over it, being careful not

to disturb it; the mosquito perishes in the fumes of

the chloroform, and drops into the tube. By this

method it is possible to catch every mosquito in a

room, as they are caught one at a time and one may b©

killed without disturbing others resting on the same

object. A mosquito having had a blood meal during

the hours of darkness beoomessluggish and will come to

rest on the nearest object, usually choosing a dark-





30.

colored surface so as to be less noticable, or light on

the screening of the doors and windows where they may

hope to escape and are easy victims for the mosquito

catchers. A mosquito seems to have the "ability" of

finding even of the smallest openings that give entrance

into a house, but are not able to find thetp way out

again. As msuiy as 300 anopheles have been oaught in a

single box car that was being used as sleeping quarters.

lichen hand catching was first begun on the

Isthmus, it was thought that only experienced and

educated white men would be able to carry out the

work, but much to the surprise of the Department, the

Jamaican negro has been trained to do this work most

efficiently. The work is monotonously routine, and

this feature seems to fit the exact nature of the negro,

to do the same thing over and over again. Two rounds

of all the quarters are made daily and at the end of the

day 8 work, a record is made of the number of the dif-

ferent varieties caught. The negro becomes very

efficient in distinguishing the various adults, and

can tell the name of the specie as soon as he sees it.

This method of hand catching was the only

means of malarial control adopted in the District of

Frijoles, embracing the native settlements of Prijoles,

Monte Lirio and Gamp Purdum and has given success at a
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Office of the District Sanitary Inspector at Prijolee.

The Sanitary Gang — Natives of Jamaica.
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low cost. The malarial rate has been practically as

low as the average rate in the settlements where exten-

sive sanitary work is being done, despite the fact that

no larve destruction or breeding place eradication has

been carried on in the district. It has been an

experimental station to determine the efficiency of

hand-catching only as a means of malarial control, with

the idea in view that this method might be adopted in

the other permanent where exj)ensivc work is now being

carried on.

hatching by means of traps hag been success-

fully tried out in some of the districts. In localities

where there is a considerable flight of mosquitoes such

as in Corozal and Miraflores, three times the number

of mosquitoes have been caught in the traps than were

caught by hand with the most careful daily work. They

have not been quite as sucessful in the Gatun District.

The trap has also been successfully used for fly catchingj

The traps are installed in two ways, either to

catch the mosquitoes when they endeavor to enter the

building or when they attempt to leave it. Both methods

are usually combined by installing several traps in each

building. The traps intended to catch mosquitoes

attempting to enter the building are always installed

on the leeward side for experience has demonstrated that
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trap catching is mich less successful on the v/indward

side. Each day the traps are removed and fumigated,

thms killing the mosquitoes.

jflight Habits of Adults.

The adult mosquitoes of all varieties are

more active in flying at sunrise and sunset thafti at other

times of the days. At sunset, they may he seen hover-

ing near the doors and windows of all quarters awaiting

an opportunity to get inside. . In the morning, the

majority of those that did get in may he< seen on the

window screens attempting to find a way out. Those that

have had a blood meal alight on dark objects where they

are not liable to be disturbed.

A number of "flight" experiments were conducted

in the Gatun District during March 1915, and some of the

old rules relative to the distances mosquitoes would

fly were broken down, and many new discoveries were made.

The exjberiments were the immediate result of an unac-

countable influx of mosquitoes in the Gatun District

during the month of January, which puzzled the entire

department for several weeks. Large numbers of

adults were being caught in the traps and by hand, and

additional laborers were put to work to help catch as
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many of the adults as possible. In the meantime, the

District Sanitary Inspector with hie assistants were

searching every possible place where larvae might be

breeding, but failed to find any breeding places in

proportion to the number of adults that were being caught.

The general accepted rule up to this time had been that

mosquitoes did not fly more than 300 or 400 yards from

their breeding places, but every place within a mile

of Gatun had been thoroughly gone over without locating

the eource of the mosquitoes.

It happened one day that the Inspector visited

a section of the district where a hydraulie fill was

bfeing made some mile and one-half from Gatun. A dredge

working in the canal was pumping the excavation and the

seawater to this section, and here it was found that the

anopheles were breeding by the millions. It was suf-

ficient|:y evident that this was the source of the mos-

quitoes but the department had to prove that the influx

of mosquitoes were coming from this breeding place.

A cage or trap was located under one of the buildings

Tin Gatun, a lantern hung under it so as to attract the

mosquitoes and in this way, several thousand would be

caught. They would be carefully sprayed with a special

dye with the aid of a common atomizer. Thoje were then

taken to the breeding place and liberated. In a few
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days, colored mosquitoes showed up in the traps and

haiid catches which proved without a doubt whore the

mosquitoes were coming from.

Another interesting discovery was made in

reference to the tine of the flights. It was dis-

covered that the flightd began about 5:30 a^iri. lasting

until 6:30 or 7:00 a.m. and begin again in the evening

between the hours of 6and 7. The variety that was

coming from the seawater area was the anopheles

tarsimaculata, while the albimanus that were being

Caught were coming from other breeding places.

Anti-Yellow Fever T?Jork.

No case of yello?? fever has originated on

the Isthmus since May 1906, but never-the-less the efforts

toward stegomyia eradication have not been lessened.

In vilages it is of first importance to prevent the

accumulation of water in containers where stegomyia

might breed.

Some of the methods of prevention that have

been adopted is the elimination of roof gutters, except

self draining short gutters over entrances, and no

water containers are permitted at any house within a
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300 foot radius of a water supply. In: localities of

more than 300 feet, only screened containers are allowed

providing certain requirements are fulfilled. The

containers are required to be screened according to

directions issued by the Sanitary Department and as

are
water barrels ^most generally used, each is required to

be fitted with a spig-^rOt. With all of the care, culex

larvae were found in the water barrels. The only

explanation that could be given was that the barrel
been

had ^brim full and that the water had extended above the

wire meshing at which time eggs were deposited on the

water. As the water was withdrawn, the surface was

lowered and becajne inaccessible to the adult. To

prevent this from occurring, the barrels were required

to have a hole bored about three inches from the top

of the barrel and be covered with screening.

The stegomyia eradication measures on the

Canal zjOne have been so successfully carried out that an

adult stegomyia is a great curiosity and it is becoming

difficult to obtain stegomyia larvae in the sanitated

area. Only on one oocassion did the writer find

stegomyia larvae, and they were in an unscreened

water barrel at a camp of some Hindu laborers.
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Antl-Plaguo Viiork.

A campaign of rat destruction is being carried

on in all the districts of tne Zone, especially in the

eelllement of Balboa, where the docks are located for

all the Pacific Liners. lithin four day's travel is

located the city of Guayaquil where plague is comFiOn,

and the quarantine laws are rigorously enforced on

vessels plying between these ports.

In the course of rat destruction it has been

found that rats soon learn to avoid the traps if the

saine type is continually used. The same raa^y be said

of poisoned bait so that it is necessary to change

frequently both the poisons and toait. All traps are

Carefully scrubbed and sterilized in a solution of

larvacide after each catch. ^hen the rats are caught

alive, they are placed in zinc-lined boxes and sent to

the laboratory at Ancon where they are combed to dis-

cover whether they are infected with fleas. It is a

well known fact that the rat flea is the carrier of

tho plague.

One of the earliest measures adopted by the

Sanitary Department was to require that all dwellings

be either elevated not less than three feet above the

gro\md or have the concrete floors laid directly on
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the ground. The object of the measure T7as to prevent

a collection of rubbish under the houses where rate

might propsDgate.

General Sanitation.

The work of general sanitation includes

grass-cutting, screening, fumigation, buiBing inspection

and inan^ other things. In the tropics in the rainy

season, a common specie of grass has shovsn an actual

growth of 22 inches in 28 days. ' The tall grass furnishes

shelter to the adults and tends to hide breeding places,

and it also prevents the evaporation of small puddles

formed by rains, and also hides from view containers

that may have been thrown in the grass.

All grass is kept trimmed lovi within the

settlements and is cut low along the banks of streams

and swampy areas and places in which water might collect

through seepage or rain anywhere within a possible

mosquito flight distance of a settlement. The total

amonnt of grass cut per year is about 4000 acres.

All Qommission Buildings are thoroughly

screened and it is the duty of the Sanitary Inspector

to see that the screening is mosquito -proof and in

good repair.
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wesults.

It would be perfectly pertinent to asis: the

question, "What results have been obtained by the

expenditure of all this work and money.?"

The Sanitary work in the Canal Zone has been

of a three -fold value:

[1 J The efficient organization has been

maintained in the service of the Isthmian Canal Com-

mission because of the high sanitary measures sot

forth, thereby eliminating yellow fever entirely,

controlling malaria, and making the Istianras on© of the

fflost healthful places in the world.

^2y Sanitation has been a success from an

economical standpoint, both in preventing loss through

absence from work because of illness, and increasing

the efficiency of the men at work. In 1906, there

were 233 deaths among employees from malaria, while

there were only 50 in 1910.

(£> bajiitary work on the Canal Zone has served

to bring the attention of the world to the possibility

of making the tropics habitable for the white people,

and that the cost of bringing this about need not be

prohibitive. The medical auid hospital care of the

employee 3 and their families has cost the government
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two and one half cents per day per capita, and the

Sanitation 9 mills per day. These figures are well

within the financial ability of any tropicax cotmtry.

r'or some of the information embodied in this

paper, I am indebted to the following writers and their

works:

isir Ronald Ross — The Prevention of Malaria.

A. J. Orenstein, M.D. — sanitary Inspection

Inspection of the Ganal Zone."

b. T, Darling, Li.D. — A Mosquito Larvaclde

Disinfectant and Methods of its Standard-

ization."

Department of Sanitation, ^. C. Gorgas, Ghiaf

Sanitary Officer, — Manual of Instruc-

tion for Sanitary Inspectors.

John 0. Collins, — "I'He Panama Guide."
















