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SUBSOIL DRAINAGE IN THE CHANGI AREA. 

History. 

I have described earlier how, in 1928, two ravines and two wide mouth 
tidal swamps were treated in what is now North Cantonment, Changi. 
Construction work, recommenced about the beginning of i934, necessitated 
an outward spread of our half-mile protection zones to the east, south and 
west, and so I drew up a programme of anti-malaria drainage schemes for 
the various valleys and swamps in this area. This work was carried out 
by Captain J. Farewell, RE., D.C.R.E., Cantonment, Changi, who took 
the greatest interest in the work, in spite of the fact that he already had a 
very large amount of construction work on his hands. 

The map shows all the area and all the anti-malaria drainage com-
pleted and proposed (fig. 5). . 

.Our drainage 'schemes here differed somewhat from those on Tekong, 
because in nearly all cases the surface concrete channels had to be designed 
to take both the storm water and sullage water from the numerous barrack 
blocks and dwelling houses, etc., which were being built for the most part 
on the higher ground overlooking the valleys. In the valleys in the Changi 
area the plan that was followed is shown in a, ske~chplan on page 73 of 
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74 Anti-malaria Drainage Work in new Ohangi Oantonment 

"Anti-malaria Drainage from the Point of View of the Health Officer" 
(private circulation) by Dr. J. W. Scharff, to whom I am again indebted for 
his courtesy in allowing this sketch to be reproduced here. 

The conditions in the top left hand sketch, fig. 6, are very much those 
we had to deal with here. The bottom right hand sketch is very like 
the state of affairs in our completed system s as can _ be seen on the map in 
the cases of the Marsh Valley and the Selarang Park systems particularly. 

FIG. 5. 

M"-NGROVE S"W"MP------~HOWN THU~ 'ti'S?' 
SAND pIT---------- .. c;;;r 
ANTI-MALARIA DRAINS'-

OPEN CHANNELS zc: 
SU~-!)OIL ORAINS ----- ... --,~-_

CONTOuR- VERTICAlINTE.RVAl'5 -10FEET 
1° ,41'<1' 1880' I ...... ' (utJ' ('~' I~-.L 

&'Al£ r· l475FT. 

Considerable forethought is needed in designing such combined building 
and anti-malaria drainage systems, and in the Marsh-Chinese Valley 
system the buildings connected with the system have now become so 
numerous that the central channel is hardly adequate to carry the large 
amount of house sullage water, roof rain water and surface water that 
pours into it. A relief drainage scheme for this system is shortly to be 
put in. 

Another difference that I could not fail to observe between the Tekong 
and the Changi drainage lay in the nature of the soil. In Changi, 
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W. J. F. Omir; 75 

STAGES IN A SCHElIIE OF ANTI-MOSQUITO DRAINAGE FOR A SWAMPY RAVINE. 

Ravine and swamp with pig ponds obstructing 
natnral drainage. (Dangerous mosquitoes rarely 
present.) 

..I.tJ = Dangerous breeding place 

- -. = Subsoil dmins 

2ND STAGE.-Subsoil intercepting drains con
structed along hill foot. (All dangerous breeding 
places now eradicated.) 

1ST STAGE.-Removal of 
digging central earth drains. 
hill, seepages appear.) 

obstruction and 
(Dangerous foot-

= Earth drains 

= Concrete drains 

3RD STAGE.-Construction of open concrete chan
nels for domestic sullage water connections indepen
dent of subsoil drains. (Development of healthy 
scheme now possible.) 

FIG. 6. 
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76 Anti-malaria Drainage Work tn new Ohangi Oantonment 

although before treatment the valleys were swampy enough in all con
science, yet tbe surface stratum of the soil was mostly sandy and looked as if 
it could absorb all the rain the clouds could send. Yet tbe completed subsoil 
drains on this side carried no less water than those on Tekong. Moreover, 
at the bottom of most of the numerous sand-pits ground water collected 
and remained there all the time independently of rain. On digging the 
trenches in this sandy soil, dry surface sand, except on the floor of tbe 
valley, extended down to about three feet or more. Beneath this stratum 
lay the next layer, wbicb consisted of red laterite clay witb a high water 
content in its upper layers, or else of white sand mixed with a pale light 
clay. This type of understratum also contained a great deal of water in 
the spaces between the soil particles, and water flowed copiously in the 
agricultural pipe lines the moment they were put in. It is easy to under
stand how in such soil, if water were allowed to enter tbe pipes from above, 
tbe sand carried down by it would speedily block up the drains. Strangely 
enougb, after subsoil drains had been put in this sandy type of ground, a 
close growth of short and good quality grass soon appeared, while before 
drainage such grass, or indeed any grass, could scarcely be seen on it. 
This growth of grass is probably due to tbe removal of excess of alkalies in 
the soil by the constant movement of ground water, and the downward 
movement of the water table causing aeration of the soil. The effect of 
our drainage has already been shown by the growth of grass in the large 
new South Cantonment Padang (sports ground), and also on the India 
Barracks hockey ground and the Tekong Besat football ground. 

The general effect of the drainage on the floor of the treated valleys is 
nothing short of wonderful, and I always feel that it is a pity that only a 
few of us, including Colonel Roberts, C.R.E., Changi, and the other Royal 
Engineer officers concerned with the draining of these systems, have 
known these swamps both before and after drainage. 

The first anti-malaria drainage work carried out in Changi Cantonment 
after construction work started again was in the spring of 1934, when a 
good deal of additional subsoil drainage was carried out in the lower part 
of the Marsh Valley, above and below its junction with Chinese Valley. 
The Marsh Valley floor was becoming swampy again at this time and 
seep ages and pools were lying constantly in the floor of the valley, and it 
looked as if further drainage was required. At the same time the existing 
subsoil lines were rodded and a number of blockages were discovered and 
removed. These measures completely dried the floor of the valley as far 
as the Changi Hoad. 

In putting in the subsoil pipes on this occasion we did what is now 
our invariable rule here, that is, we had the open ends of the successive 
agricultural pipes 'placed close together with their ends touching one 
another, and over the top of the open joints were placed sausages, or collars, 
of puddled clay. The pipes were laid on a bed of rubble or broken brick 
or tiles, the latter for preference. The practice in 1928 was to leave a gap 
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w. J. F. Craig 77 

of half an inch at the joints of the agricultural pipes, and to cover the 
upper part of the joint with broken tiles, corrugat"ed iron or other such 
material. r merely mention this here because this drainage system did, 
in fact, become blocked in time, whereas since adopting the clay covering 
we have not yet been much troubled with blockages, except one very 
recently in Sphinx Valley, Tekong. At the same time, although I 
am convinced the present method is the better, it is perhaps too early 
to make a definite statement. The civilians, however, have adopted it. 

Chu-rch Valley. 

The next system to be introduced into Changi was in the valley named 
Church Valley on the map. This is a wide-mouthed amphitheatre shaped 
valley with its mouth opening on to the Selarang River mangrove swamp. 
On the high ground around this valley the Gun Park, five Officers' 
Quarters and the Royal Artillery Officers' Mess were about to be con
structed. Across the mouth of the valley ran a raised railway embankment, 
and all the valley water drained through one cui vert running under the 
embankment, near the southern end. 

A line of hill-foot subsoil drains was put in i:r;t a semicircle near the 
bottom of the slopes leading down to the valley, and outlets from the ends of 
the semicircle led down to the culvert along the bottom of the embankment. 
A straight central concrete channel was made across the valley to the culvert, 
following roughly the course of the former stream. Two subsoil drain 
outlets opened into the head of this channel, and one branch concrete open 
channelled into the central invert channel from either side. Subsoil pipe 
outlets likewise led into these at their heads. 

r think it might have been better to put in two shallow subsoil 
drains across the valley parallel to the central stream and about 100 feet 
apart, because although high water comes well up this system and would 
have travelled up these pipes, yet sufficient water would have got away 
every day at low tide to dry effectively the floor of the valley. As it is, 
the system has been fairly successful in doing this, but some surface water 
still tends to collect in the centre. 

Before being drained this valley was very swampy, and in it were a 
number of wells, pig-ponds, irrigation channels and along the railway side 
a palm swamp. The mosquito larvre to be found here in those days were 
A. kochi, A. hY1'canus, A. vagus and A. karwa-ri. 

The chief point of interest in connection with the putting in of this 
system was the type of pipe used. For this system a supply of porous 
concrete pipes was bought instead of the usual agricultural pipes of red 
baked clay. Such pipes admit water through their sides and on the face 
of it it would seem to be a sensible idea, but after a year had passed 
Captain Farewell had some of them dug up and they were found to be 
crumbling away and holes were forming on their sides. He reported 
adversely on them and recommended that they should not be used again. 
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78 Anti-mala?'ia Dminage Work tn new Changi Cantonment 

The Oolony and Singapore Muuicipal Health Authorities likewise do not 
use these pipes. The crumbling of the pipes in the Church Valley system is 
doubtless due to the fact that the clay soil bere has", great deal of decom
posing vegetation mixed with it and so the ground water which stagnates 
at a high ground level owing to lack of drainage probably contains an 
excess of peaty "cid which dissolves away the concrete of the pipes. 

A little further along the railway towards the Changi Road on tbe left 
of the elllbankment is another semicircular va\ley, the mouth of wbich was 
also closed hy the emhankment. This valley is smaller than Church 
Valley and drained through " small culvert running under the railway. 
In tbe seepages in the floor of this valley A. lIlacz<latu8 larv.., used to be 
found breeding, and as the new Artillery Barracks were about to be built 
on tbe ridge above the valley a semicircular subsoil drain was put in 
ronnd the bottom of the slope with a central open invert cbannel, tbe 
outlets of the subsoil pipes from each side running into thi, along the foot 
of the embankment. This system, though small, was necessary and until 
now has effectively served its purpose. 

Flo. 7.-Ba.no.na. Tree Va.llcy-Sel&rllng Park. Completed work showing dry grassy valley. 

Selarang Pa,.k. 

On a ridge of high ground bere, situated across the broad Selarang 
Mangrove Swarnp from Ohangi Cantonment, a number of Officers' Quarters 
were to be built and so a whole system of valleys round tbe foot of tbe 
ridge had to be treated before these quarters were fini shed alld occupied. 
These valleys, with their thorny, trailing undergrowth growing Ol1t of 
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W. J. F. Oraig 79 

unwholesome looking swamp water, looked a horrid proposition when I 
first walked over them in the company of the Commander, Royal Engineers, 
and Captain Farewell. In places near their headwaters I found A. maculatus 
larvffi so the valleys had to be drained, although it did not look as if much 
improvement could be hoped for. Yet the work was done and done very 
well, and when these valleys had been drained, the houses built, and the 
higher ground of the ridge cleared of its trees and pineapple fields, and 
grass was growing smoothly over it, the Chief Engineer of the Command 
gave the district the name of Selarang Park; this name, I think, is a 
striking tribute to the excellent result of the work done here. 

The main outlet of this system discharges into the edge of the Selarang 
River Mangrove Swamp; but the swamp itself, so far as it is tidal and 
therefore a salt water swamp, was left alone as is the custom here. But 
the formerly boggy ground along the edge of the swamp is now dry firm 
ground and grass is growing over it. The lines taken by the channels 
of the drainage system can be seen clearly on the map (fig. 5). The 
photograph of Banana Tree Valley (fig. 7) shows how the drained valleys 
now look; I regret I have not a photograph showing how these valleys 
looked before" treatment. The total foot-run of all the drainage channels, 
both surface and subsoil, introduced into this system amounted to almost 
two and a half miles .. 

THE SOUTH CANTONMENT PADANG AND THE INDIA BARRACKS SWAMP. 

The last completed drainage systems in the Changi side of our area are 
situated on the north end of a long line of low lying swampy ground which 
runs almost continuously from the Fourteenth Mile River eastwards of and 
along the line of the Changi road back almost as far as the Tanah Merah 
River. This line runs along the bottom of the eastern slopes of the Changi 
Area Hill system and in the past it was really the water-logged left bank 
of the Changi River, a tidal creek which follows a tortuous course north
wards in its effort to break through the sand-dune which has formed 
between it and the sea. 

The first area treated was the low ground running northwards from the 
bend in the Telok Paku Road (fig. 5). Running along and parallel to the 
eastern edge of the new South Cantonment Recreation Ground there is a 
low lying bank along which the ground drops some ten to fifteen feet. An 
intercepting subsoil drain was put in along the foot of this bank and the 
ground below this cleared and levelled and straight concrete channels put 
in. This dried the swamp down to the main open channel and even 
improved matters on the eastern bank, but the further treatment of this 
side forms part of the problem of the improvement of the whole Changi 
Creek swamp and this will probably be a big scheme and will have to be 
dealt with in the future. This is a possible area for A. sundaicus (ludlowi), 
but up to the present its larvffi have not been seen, although A. bcezai 
(Gater), which is generaJly found associated with A. sundaicus, has been 
found. 
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80 Anti-malaria Drainage Wm"k tn new Ohangi Oantonment 

FIG. B.-Swamp to east of New Padang South Cantonment. Soon a.fter completion of 
drainage work. 

FIG. 9. - Swamp to east of India Ba.rracks. After preliminary clearing prior to 
commencement of drainage work. 
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W. J. F. Oraig 81 

Fig. 8 shows this area, but it was taken too soon after the work 
was completed to show a grass covered floor. A photograph of the 
India Barracks Swamp before drainage, fig. 9,shows the same ground only 
a little further, to the north and indicates what· this area was like before 
drainage. • Preliminary clearing had been done before this picture was 
taken. 

On completion. of the work on the New Padang. Swamp, work, along 
similar lines was carried out in the water-logged ground in front· of the 
new India Barracks ,which· are now occupied by Indian troops.· The 
outlets of the ground drainage here were led nmthward into the Fourteenth 
Mile River open concrete drain: The soil· through which the trench for 
the subsoil.drain was dug was of the sandy and light chalky clay type 
which I have already described, and although the trench was about seven 
feet deep in most places it was difficult to realize that much water was 
contained in it, yet when a line of four~inch pipes was put in the water 
promptly flowed through it ·and.continued· to flow to full bore .. Accordingly 
another line was laid alongside the first and even now both lines are running 
half bore which is still rather too much as these .pipes should not flow 
more than about one third bore; they should be able to take at least 
three tImes the normal dry weather flow to allow for increased flow after 
heavy rain. In order to estimate beforehand the size of subsoil pipes that 
should be used, experience will usually be a sufficient guide, and it is only 
by practice in this work that the necessary experience can be gained. In 
this case the large amount of water in the swampy pools below should 
probably have been a sufficient indication of the size of the pipe required. 

FUTURE DRAINAGE SCHEMES IN THE AREA. 

With the exception of a description of the Bee Hoe Valley. where a 
small system of open concrete channels has been put in to the west of the 
old railway embankment, ·to the great improvement of this former market 
garden valley, I have completed the account of the' anti-malaria drainage 
work carried out in the War Department Area up to date. Much as r 
should like to, r do not feel justified in' writing about further drainage 
schemes which it is proposed to carry out in this area in the future, as r 
am leaving the Station in. a few days on transfer to the Home. Establish
ment and the detail of the drainage in connexion with the carrying out of 
these schemes has yet to be worked out, and this might cause an alteration 
in many of the ideas J have already formed as. regards what should be done. 
r have shown,however, on the eight-inch map systems ·which r have 
already proposed, and r have every reason to hope that thes.e will be 
carried out to a greater or less extent. 

In the light of Qur experience there is one point of importance wbich 
needs careful consideration, as it will present a problem in the carrying out 
of some of the more important future schemes, and that is the level of the 
outlet of systems which discharge directly into the sea. At Tekong and 
Pengerang the method of laying open inverts in the beach sand and letting 
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82 Anti-malaria Drainage Work in new Changi Cantonment 

them discharge only a little below high-tide level has not been successful, 
as not only do they become heavily silted up with sand brought in by the 
incoming tide, but the concrete inverts get knocked about by the waves 
and are constantly being broken and displaced. The outfalIs of the North 
Cantonment Padang in Changi, which were put in in 1928 or 1929, have 
stood the test of time much better, and here the cast iron pipe outfaIIs 
which run through the beach and discharge under a flap at a point well 
below the high tide level still work well without giving any trouble. It is 
most essential that outfalls of drainage systems into the sea should be led 
through the piled up sand-dune of beach sand in closed pipes or concrete 
ring channels out to the mud of the sea floor and should end at low neap
tide level, not just a little below high-tide level. From the anti-malaria 
point of view tidal water entering a drain does no harm, only good, and if 
the low point of the system is at neap-tide level it gives the engineer many 
feet of extra fall which can be taken advantage of to give steeper gradient 
to the channel of a system in the coastal flat lands and can be made use 
of right to the head of the system. Engineers are inclined to say that such 
a procedure is not even feasible, but it can be done, and, moreover, it is 
a necessary anti-malaria measure and not merely a problem of surface 
drainage. 

There are still a number of tidal mangrove swamps in tbearea where 
larvffi of the dangerous A-. sundaicus are abundantly found. In many 
places the trees have been cut down by the local inhabitants and this has 
allowed the entrance of sunlight to pools, rendering them attractive to this 
mosquito; also these pools get water only at the highest tides, between 
which the salt water is diluted by rain to a degree favourable to the breeding 
of this species. 

Mangrove swamps are not dangerous if they arp. left alone, and the 
only measure necessary is to open up these pools by earth channels to 
allow free entrance and exit of tidal waters. 

GENERAL REMARKS. 

The geographical features of the area and the climatic conditions do not 
require more than a brief mention as I have already referred to them in 
various places. 

The rainfall is 100 to 110 inches per annum evenly distributed throughout 
the year and falling mostly in the form of short but heavy tropical down
pours. Droughts of about a month's duration are infrequent, but do occur, 
and when present these conditions are favourable to mosquito breeding as 
undetected seepages, etc., remain undisturbed and are not agitated by heavy 
rain showers. Temperature conditions are, of course, favourable for 
mosquito breeding throughout the Jear, and there is no marked seasonal 
prevalence of mosquitoes, except to some extent in the case of certain 
species which have two peaks, one in spring and one in the autumn, when 
they are more prevalent than at otber times. 
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The larval which I have found most common in this area during the time 
I have been here are the following in order of frequency of occurrence :

(1) A. hyrcanus (sinensis); (2) A. kochi; (3) A. maculatus; (4) A. 
snndaicus (ludlowi); (5) A. umb1·osuS; (6) A. vagus; (7) A. karwari. 

The last three used to be fairly common but have not been found 
recently. Two more uncommon varieties have been A. bcezai (Gater) and 
Swellengrebels' larval variation of A. umb1"os7ls, both of which have been 
obtained in the brackish water at the edge of tidal swamps. A. maculatus 
and A. sundaicus are considered to be much the most dangerous carriers, 
and anti-malaria measures are specially directed to water containing such 
larval. 

In spite of all the permanent drainage work which has been done 
anti-malaria oiling has been and still is being carried on continuously, 
but unfortunately, OWIng to steady outward extension of the area requiring 
to be protected, it is not possible to form an idea of the saving in the cost 
of anti-malaria oil due to tbe drainage work. 

r.I.'he cost of drainage.work has been heavy; from the beginning of 1934 
to· the present time it has been over £14,000 for a foot run of both open 
and underground drains amounting to fourteen miles in all. The area of 
the land in War Department possession amounts to at least six square 
miles, but not more than two-thirds of this has yet been affected by 
drainage schemes. The question of the justification of the expense 
incurred is to some extent answered for us by the effect of these measures 
on the island of Tekong where malaria prevailed to an almost alarming 
extent before the drainage work was done and where no malaria whatever 
bas occurred since drainage was completed. Malaria is endemic in the 
native population here and always ready to become epidemic, and the 
necessary very close supervision of coolies employed in oiling is difficult to 
maintain even if the personnel for this supervision is available. Moreover, 
the chief argument in favour of drainage work is its permanency in 
comparison with oiling, which is purely a temporary measure, and it is 
obviously not desirable to continue such a procedure for generations during 
the existence of a Military Cantonment. We have already seen how 
work which was done seven years ago is still serviug its purpose in a most 
satisfactory way, and that the anti-malaria drains put in on War 
Department land in Blackang Mati in 1915 are likewise still giving good 
serVICe. 

CO-OPERATION BETWEEN THE MEDICAL AND ENGINEER SERVICES IN 
THE CARRYING OUT OF ANTI-MALARIA DRAINAGE. 

This co-operation is a matter of tbe very greatest importance and it is 
in the hope that my experience during the last two years may be of 
assistance to other medical officers in the Service who may be called upon 
to use the Malayan metbod of anti-malaria land drainage tbat I am writing 
this account. Work should not be put out to contract labour as co
operation with the contractor is certainly going to be less easy to obtain 
than with the Royal Engineer officers in the station. In this case the 
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contractor has something to gain by scamping his work if he can do so 
unseen; and he is most unlikely to understand the biological reasons which 
call for the carrying out of this work. Actual experience here supports this 
contention. With officers of the Royal Engineers, the health or anti
malaria officer can have frequent free discussions about the work both on 
the ground and in the officp or mess, and these discussions are a 
pleasant feature of the medical officer's day. An even balance must be 
maintained between the parts played by the Engineer officer and the anti
malaria. officer. The latter must remember that although the Royal 
Engineer officer carries out the work and seems to play a larger part 
in the putting in of these drainage systems, yet he is under no obligation 
to learn anything of the detailed life history of the mosquito, or of the 
breeding habits of certain species, or of the chemical differences in ground 
and surface waters, or of the relations of plants, aquatic and surface, to 
mosquito life, or of the carrying range of various anopheline species, and a 
host of other things which all come into the problem. Consequently from 
first to last the medical officer must l{eep a constant watch over the work. 
Each scheme presents a different problem, and the behaviour of ground 
water is a study in itself. It is the anti-malaria officer who must prove 
the fact that larvre are present in a valley or swamp, who must identify 
these and state whether they are dangerous carriers or not, and whether 
the breeding place is within carrying range of present or proposed occupied 
buildings. He must be able to recommend the measures most suitable in 
each case and suggest the size of pipes required, he must also be able to 
visualize future conditions and keep a careful watch on proposed engineering 
projects in the area which may not seem to be directly connected with 
drainage, but which may eventually obstruct the flow of ground or surface 
water to the sea. r refer principally to rail or road embankments, to 
bridges or culverts connected with them, and reclamation schemes. 

The chief point at which the anti-malaria officer's point of view will 
differ from that of the Engineer officer is in the question of fixing the point 
of the outfall of a system which discharges directly into the sea. In the 
case of a short system which slopes down to the sea-level the level of the 
outfall scarcely matters, but in the case of a broad sea-level flat it matters 
greatly. The engineer is concerned to lead off free surface water to the 
sea, but the anti-malaria officer wishes to draw off water from under 
the surface of the ground and discharge it into the sea. In Changi, 
leaving exceptionally high tides out of account, the difference between 
high and low water at neap-tides is about eight feet. Therefore, if 
the point reached by low water at neap-tide is taken as the outfall, 
this gives the system eight extra feet down to which the drainage system 
may slope, and this means that a system may be carried thousands of feet 
further back than would be possible if high water level were taken 
as the outfall point. 

Another point in the construction of these drains which the anti-
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malaria officer should stress is that buried subsoil drains are cheaper to 
put in, easier to maintain, and safer from the anti-malaria point of view 
than surface drains, and unless open channels from underground drains 
to the central channel of a system are required to carry storm water or 
house sullage water, the subsoil drains should be taken underground right 
to the central channel. 

Before concluding this account of the land drainage that has been carried 
out in an area during the last few years I think that in reviewing briefly 
the state of affairs in the treated areas before and. after drainage, a great deal 
of credit must be given to the Engineer Services for what they have 
accomplished by their work in these places. The reader must remember 
that Changi is situated in the equatorial zone of the earth's surface and in 
this zone the rainfall is heavy and the temperature is genial, that vegetation 
grows with a denseness and rapidity that soon swallows up the handiwork 
of man if not vigorously kept at bay. To undertake to clear a dense and 
steamy jungle swamp and transform it into a sunlit grassy valley, requires 
both boldness and enterprise, and although we had the example of the 
Singapore municipal work of the same kind near by, yet some of our work 
in the more outlying parts was ill jungle more virgin in nature than that 
ID valleys nearer the town. 

CONCLUSION. 

In the Service the Medical Officer is fortunate in that he is closely 
associated with the officers of the Engineer Services. In Changi I have 
found that the Royal Engineer officers were not only most willing to carry 
out anti-malaria work, but they became keenly interested in it in spite of 
the enormous amount of building and other construction work that was 
going on elsewhere. That so much of the work has been done in the time 
has been due to the moral support alld practical advice and encouragement 
given by Colonel J. R. Roberts, O.B.E., M.C., R.E., the C.R.E. The two 
D.C.'s R.E., Major E. B. Elkington and Captain J. Farewell, and Captain 
Brownlow, Garrison Engineer, Tekong, are the other Royal Engineer 
officers who most ably and willingly have taken t·he burden on their 
shoulders during the past two years. 

From Dr. J. G. Scharff, Chief Health Officer, M.C.S., Singapore, I 
received my first introduction to this fascinating study. Whenever diffi
culties have arisen, he has always been ready to make the long journey 
out here and' give us the benefit of his wide experience. If I have quoted 
from his teaching I know he will be only too pleased, especially if he thinks 
that by so doing knowledge of the work is likely to be spread. 

To Colonel P. Power, formerly S.M.O., Malaya Command, and Colonel 
E. Gibbon, the preseut A.D.M.S., I am also indebted for the warm 
encouragement they have both invariably given in supporting proposals to 
have the work done and for the interest they have displayed while it was 
in progress. 

My thanks are due to Colonel E. Gibbon, O.B.E., A.D.M.S. Malaya 
Command, for permission to forward this article for publication. 
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