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large diameters of, say, 3-4 inches (7.5-10 cm). Water could be drawn by
means of an electric pump, and stored in a number of reservoirs. It is
reasonable to assume that, by these means, one or more villages could be
supplied with water at much less cost in capital and maintenance.

In areas where tube-wells are not successful, infiltration wells on river-
banks, or large surface-wells, would be the best source of water for villages.
Water could be pumped by means of electric pumps and stored in a central
reservoir. Infiltration water does not generally require further treatment.
It is usually safe, clear, and free from mineral content and bacterial con-
tamination.

It is difficult to assess with any degree of accuracy the amount of positive
health benefit that has accrued from the increase in sources of water-supply
in rural areas, but the number of deaths due to gastro-intestinal diseases
is decreasing.

SOME ASPECTS OF THE PROBLEM OF POLLUTION OF
COASTAL WATERS IN IRELAND *

Ireland is a small island of some 32,000 square miles (51,200 kM2),
with a lengthy coastline along which the bulk of the population is concen-
trated. There are 13 cities and towns of over 10,000 population, of which
12 discharge sewage to the sea. In the 26 counties in 1936 there were 436
centres of population of 200 and over, with a total population of some
1.25 millions, and of these, 103 centres with a total population of 873,000
were situated on the coast and discharged their sewage into the open sea or
into the larger tidal estuaries. It is estimated that one-quarter of all towns,
representing two-thirds of the sewerable population, are directly concerned
in the subject of sea outfalls.

The civil engineer's principAl contribution in the past to the health of
civilized communities has been the provision and safeguarding of piped
water supplies. The methods whereby these supplies are obtained and the
tests which they must pass as to sanitary and aesthetic qualities are stan-
dardized, and the public-health records in recent years bear ample testimony
to the great improvement which has resulted from the advanced treatment
and analytical control which have been put into practice. Unfortunately,
the same cannot be said with regard to the safe disposal into coastal waters
of the sewage which results from the provision of water supplies. Much
information is available regarding sewage disposal into the fresh water
medium, but relatively little where the diluent is sea water.

* Abridged from an unpublished communication by H. P. Clifton, B.Sc., M.E., Engineering Inspector
(Civil), D.partment of Health, Dublin, Ireland.
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The problem is complicated by many factors. First, unlike the relatively
explosive and localized disease epidemics which originated in water-,
milk-, and food-supplies, cases of infection from sewage-polluted coastal
waters are likely to be scattered, and their source difficult to define with
certainty. In addition, the bulk of infections liable to occur would not be
statutorily notifiable and therefore do not receive any publicity. Thus, it is
difficult to overcome an opinion which is all too prevalent-namely, that
as regards sewage disposal into coastal waters, little care need be exercised
because the ratio of the diluent to the sewage effluent is so large. Unless
offence to the eye or nose is created, little interest is displayed in the subject
by the public, although a bacteriological survey of the discharge area could
often clearly demonstrate the danger to public health.

Secondly, wide variations of opinion exist on the standards of safety to
be applied in the discharge area. It is possible that special bacteriological
techniques would require to be developed because of the fact that the
diluent is salt water, and also because the concentration of pathogens whose
presence one wishes to demonstrate will usually be relatively low.

Thirdly, medical opinion appears to be divided in assessing the potential
danger of bathing in sewage-polluted waters; this is a question which can be
answered by careful epidemiological studies.

Fourthly, controls on the use which may be made by the general public of
coastal waters are either non-existent or difficult to enforce (for example,
as regards bathing or the collection of shellfish). In this connexion, coastal
waters should perhaps be "zoned" as regards their intended primary use-
just as it was found necessary in recent years to zone the land. If such
zoning were introduced at an early date it would facilitate matters for the
designers of the future coastal outfalls and will allow pollution, causing loss
of amenity in areas primarily suitable for recreation, to be satisfactorily
controlled.

Lastly, the fact that every coastal outfall is an individual problem
with its own special characteristics has not helped the formulation of
general standards of safety from the public-health viewpoint. When such
standards are laid down they must be attainable in practice; they are very
necessary but require careful prior consideration. Even with regard to
inland streams, there does not seem to be any unanimity of opinion on the
extent to which it is desirable to exclude bacteria; how much more difficult
is the problem when the question is considered in relation to coastal waters
in which conditions differ greatly and where the number of variables to be
considered is so large. For example, the densities of the sewage and diluent
differ; diffusion of sewage in sea water occurs to only a limited extent;
atmospheric reoxygenation of the diluent occurs more rapidly than in fresh
water owing to the density gradient set up by surface evaporation; electro-
chemical precipitation of sewage colloids occurs to a greater extent; and
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the life span of intestinal bacteria of the coliform group (and presumably
of pathogens also) is shorter in salt water than in fresh water.

One question which must be considered in selecting a discharge point
and designing a sea outfall is the maximum degree of pollution allowable
at the surface over the outlet and along the immediate shore line. The
answer depends upon such factors as the local coastal topography; the
direction, velocity, and frequency distribution of wind and tidal currents;
and the nature of the discharge area, considered either as a public amenity
or as an economic concern.

For many years, the float-survey method of investigating a proposed
point of outfall has been adopted-consisting of the observation of the
course of a sufficient series of floats over the proposed point of discharge
under all expected tidal conditions, due allowance being made for wind.
If it is found that all floats pass out to sea, it is assumed that a continuous
sewage discharge will do the same without risk of nuisance. The opinion
has been held that it is unnecessary to follow the course of a float for more
than half a mile (about 800 metres) from the discharge point as it is expected
that dilution will be sufficient at this point.

Complementary to the float-survey method of investigating a proposed
outfall and its discharge area-and of particular use where the float survey
indicates any danger-is the method of endeavouring to estimate the
dilutions which will obtain under the worst conditions (a) over the outfall
when the sewage mixture first breaks surface at sea level (this dilution being
referred to hereafter as Do), and (b) at any point subsequently in the discharge
area (this dilution being referred to hereafter as Dr and the distance from the
point Do as R). From the estimated properties of the sewage to be dis-
charged and the nature of the discharge area, numerical values for Do and
Dr which will enable satisfactory conditions to obtain can be evaluated
(e.g., to comply with standards, if existing). Also, it is possible to predict
Do empirically for any given discharge of sewage when the outlet velocity
and depth at which discharge takes place are known. The division of the
final dilution at surface into these two stages Do and Dr is natural in that
the direction of flow in the former is mainly vertical (and this may even
promote coagulation as in vertical-flow sedimentation tanks), whereas for
the dilution Dr, flow is mainly lateral until the dilution becomes so high as
to end any stratification tendencies.

The problem of predetermining D. was dealt with by Rawn & Palmer
in a very interesting paper to the American Society of Civil Engineers in
1930.1 The problem of predetermining Dr, however, is relatively a far more
difficult matter and is, I think, best approached along the lines suggested
by Dr. E. J. Conway in his recent reports to the Dun Laoghaire Borough

1 Rawn, A. M. & Palmer, H. K. (1930) Proc. Amer. Soc. civ. Engrs, 94, 1036
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Corporation and the Dublin Borough Corporation on certain proposed
sewage outfalls. In dealing with the relation of dilution Dr to distance R
from the point of discharge, Dr. Conway considered the curve of least fall
of sewage concentration-corresponding to the conditions obtaining with
calm sea, low water, and a direction along the tidal current as shown by
floats. This curve may be regarded as applying to any direction from the
point of discharge and will then indicate a sewage field with a safer margin
in many directions than the actual contour. (The exact mapping of the
field contour in all directions was not attempted but it was shown that the
gradient of dilution with distance was steeper in other directions.) Dr.
Conway's dilution-survey tests on an existing Dublin outfall showed that

Doa simple relation of the form log Dr KKxR existed. For any existing

outfalls, values of the slope K might be obtained for a given set of conditions
by means of a similar dilution survey. If a number of such surveys for differ-
ent discharges were made, it might be possible to estimate how the slope K
is influenced by the sewage-discharge rate and thus to predict the sewage
field-for various selected values of Dr-for any proposed new coastal out-
fall. At least such surveys would allow valuable information to be gained.
Work along these lines would help to determine such questions as the
advisable distance of the discharge point from the shore; the question of
permissible bathing areas; and the estimation of the entire sewage field,
considered as an area outside which pollution is less than some standard
figure (which figure would depend upon the primary use to which the coastal
waters under consideration were to be put).

When one considers this problem of predetermining surface dilutions
it becomes immediately obvious that only sewage liquor (with solids removed
before discharge) can be disposed of with any degree of assurance as to its
subsequent dilution history. Sewage solids might be included after macera-
tion, which would also accelerate subsequent purification, and when the
coastal topography of the discharge area, and its "zoning", permits; but, in
spite of maceration, coagulation of finely dispersed particles will occur in a
sea-water diluent. The retention of solids for use as a fertilizer is, unfortu-
nately, not generally a matter of national significance, though it may be of
local value in certain cases. In the latter case, the recent advances in rotary
strainers and micro-straining in particular should facilitate the removal of
suspended matter from sewage by means of small and relatively inexpensive
plant. For new outfalls, bathing should be prohibited in the vicinity when
operation starts and until a bacteriological survey demonstrates those
beaches and areas which are hygienically safe. A logical approach to the
standards of safety for such areas would be based upon the ratio of patho-
genic to " indicator " organisms, this ratio first being established for the
given watershed draining to the outfall and control being effected by, say,
subsequent coli counts.
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In 1945 some tests were carried out in connexion with an investigation
of conditions at the surface of a tidal river where the present main Dublin
outfall breaks surface. These tests were made as a guide to the preliminary
design of a proposed new outfall for the disposal of sewage from Dublin
City. The intention was to correlate test results with the rather meagre data
available and thus estimate the dilutions which would be necessary in order
to prevent nuisance over and adjoining the new outfall. Also, it was hoped
to check the validity of Rawn & Palmer's expression for Do ; to observe
under what minimal dilutions nuisance, or the undesirable depletion of
dissolved oxygen in the sewage and sea-water mixture, would arise; and to
correlate conditions arising in certain calculated dilutions with the tri-State
standards proposed for coastal waters by New York, New Jersey, and
Connecticut.

The sewage discharged to the outfall under investigation was a sedi-
mented sewage with a five-day biochemical oxygen demand (BOD) of
475 parts per million (p.p.m) prior to sedimentation and a BOD of 190
p.p.m. after sedimentation of some 85% of the suspended solids-the
foregoing figures being obtained from 24-hour composite samples. (It is of
interest, in passing, to note that 60% reduction in BOD was effected by
simple sedimentation of 85% of the suspended solids.) It was found that
the dilutions calculated from these tests, by means of specific-gravity or
chloride data, agreed reasonably with those calculated from Rawn &
Palmer's expression for Do. Next, it was found that the percentage satura-
tion of dissolved oxygen over the outfall (where the sewage mixture broke
surface) was quite high at low dilutions, e.g., when D. was 3.5, 3.0, 2.7,
and 1.6, the percentage saturations of dissolved oxygen were 60%, 50%,
40%, and 24%, respectively. Tests were made to show the effect of the
addition of 15 and 30 p.p.m. of chlorine to the effluent upon the bacterial
estimations of the effluent. Also, as a matter of interest, tests were made to
estimate the bactericidal action, with time, of dilutions of 1/50, 1/40, 1/30,
1/20, and 1/10 of sewage effluent in sea water.2

In conclusion, it is considered that authoritative control of sewage and
garbage disposal into coastal waters is desirable and would benefit public
health; that pollution and dilution surveys should be carried out on existing
outfalls at regular intervals in order to estimate the " safe" bathing areas
and to check that the outfall is operating satisfactorily; that such surveys,
although they necessitate a great deal of field and laboratory work which
must be carefully planned in advance, would add considerably to our
present knowledge and would lead to better outfall design in the future;
that as many lines of defence against pollution as are economically practicable
should be incorporated with every coastal outfall; that sewage from hospitals
or institutions should receive consideration as to the particular treatment

2 Clifton, H. P. (1948) Sewage disposal into coastal waters. Trans. Instn civ. Engrs Ire. February
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desirable at source; that in design one should aim at securing as high an
initial surface dilution Do as is economically practicable since the subsequent
dilution Dr is subject to so many relatively indeterminate variables; and
that the float survey must be regarded as the primary method of selecting
the most suitable point of discharge, the complementary dilution-survey
data subsequently being applied to estimate the conditions likely to arise
in the discharge area and the degree of treatment which appears advisable
before discharge in order that the standards of allowable pollution laid down
for the discharge area are not exceeded.

Finally, although it may seem a needless and barren investment of public
money to render a sewage effluent as pure as is practicable before disposal
into coastal waters and to check its subsequent dilution history, there will
be a hidden dividend paid in the increased work output of communities
owing to the suppression of many forms of infections prevously contracted
from this source and in the increased tourist traffic which will come to
holiday resorts where an effort is made to provide hygienically safe waters
and clean beaches.

PROGRESS IN THE TRAINING OF RURAL HEALTH STAFF
IN UGANDA *

Twenty years ago-a long time in the history of modern Uganda-the
Sanitation Division of the Medical Department consisted of eight European
medical officers, seven European and two Asiatic sanitary inspectors, assisted
by a relatively small number of African sanitary orderlies, plague inspectors,
vaccinators, and mosquito searchers. The medical officers and sanitary
inspectors were fully qualified and recruited from the United Kingdom and
from India. The African staff were locally engaged and, although they
lacked training in the theoretical part of their work and their educational
standard was low, they proved to be keen and interested field workers.
They became efficient in dealing with outbreaks of plague, smallpox, and
other epidemic diseases.

By 1936 it had become apparent that more-highly-qualified African
staff of a similar standard to those being employed in West Africa were
necessary, and a course of training was started at Mulago, Kampala, in
January 1937. Candidates from junior secondary school and upper middle
school, class IV, were selected, and there were 12 pupils in the first group
to be admitted. There were two grades of training-the junior and the
senior-which covered periods of two and three years respectively.

* Abridged from an unpublished communication by Ernest J. Hines, A.M.I.San.E., M.R.San.I., Chief
Health Inspector, Uganda Protectorate.


