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NOTES ON WATER SUPPLY, WITH PARTICULAR REFERENCE 
TO THAT OF ALEXANDRIA, EGYPT. 

By MAJOR H. E. KNOTT, M.A., M.D., D.P.H., 
Royal Army Medical Corps. 

GENERAL. 

A VISIT to almost any waterworks must, of necessity, be instructive, since 
it brings under review such a variety of problems connected with the provision 
of a safe and potable drinking water. It evokes an interest in the quality 
and potential dangers of the untreated raw water, the various methods 
and stages of purification, the degree of purity of the fully treated water, 
and the measures adopted by those in .control of the works, and by the 
public health authorities, to ensure that the water supplied to the public 
is fit for human consumption at all times. 

Nowadays the paramount importance of the provision of a pure drinking 
water supply has become axiomatic, and far more attention is being paid 
to this essential public service than in the past. This advance has been 
due in part to the increasing frequency with which serious epidemics have 
been traced to contaminated drinking water, and to the inherent dangers ' 
that lurk in the acceptance of a water " on trust" because of a long and 
satisfactory previous reco:rd. 

It is difficult to define exactly what is inferred by a" safe" water supply, 
for numerical standards show such large variations in different parts of the 
world. Apart from the U.S.A., Treasury standards and those at present in 
preparation by the British' Ministry of Health, no officially sponsored 
standards have yet been established on a legal basis. It would be permissible, 
of course, to adopt the negative and somewhat non-committal conception 
that a "safe" water is one which, when consumed regularly in large 
quantities, proves to be non-injurious to health. Such a water would have 
to be free from pathogenic or allied organisms and from poisonous metals 
or organic compounds, and excessive amounts of inorganic salts. In 
addition, it should be limpid, colourless, odourless, and palatable. 

Many raw waters, especially those from deep wells, conform to these 
criteria at all times, and require no treatment, although samples should be 
examined chemically and bacteriologically at regular intervals. On the 
other hand, many large and small cities have to depend for the whole or 
part of their supplies upon raw water derived from rivers, and, as these are 
always subject to adventitious pollution, they are consequently potentially 
dangerous and must be purified. The degree of danger bears a relation to :-

(1) The incidence of endemic disease transmissible by water. 
(2) The precautions adopted to prevent river pollution. 
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H. E. Knott 349 

(3) The adequacy of the system of purification, and 
(4) The laboratory control of the treated water before being pumped 

into supply. 

Irrespective of the results of bacteriological examinations of such river 
waters, some form of sterilization treatment is imperative since, sooner or 
later, an infection with pathogenic bacteria is certain to occur which may 
lead to serious and widespread outbreaks of disease. 

In ma~y countries, particularly in the East and Near East, the only 
sources of water supply are from rivers which, in view of the impossibility 
of safeguarding them from large-scale sewage pollution, are heavily infected 
with pathogenic organisms as a result of the high local incidence of epidemic 
water-borne diseases. ' 

Egypt may be taken as a typical example of such a case, and it is intended 
in this article to give a summarized account of the means employed for 
clarification and sterilization, and bacteriological control of the water supply 
of Alexandria. This city, with its population of nearly three-quarters of a 
million, depends for its supply of raw water upon the Mahmoudieh Canal, 
a navigable branch of the River Nile. 

This canal passes through the highly cultivated plains of the Nile Delta 
and is polluted by crude sewage from the towns, villages, and hamlets along 
its banks. Moreover, it is a commercial highway along which pass endless 
streams of barges carrying goods to and from the interior. Thus it requires 
but little imagination to visualize the degree of vegetable and manurial 
pollution to which it is subjected. 

A casual glance at this muddy raw water fills one with misgiving at the 
thought of having to drink it, although this opinion is considerably mitigated 
after a visit to the purification works. At the same time, when one contem
plates that this water has travelled many thousands of miles from the 
mountains of Abyssinia, changing the desert through which it passes into 
fertile plains supporting a population of seventeen millions in Egypt alone, 
the dominant feeling becomes one of admiration. 

No chemical or bacteriological examinations are necessary to confirm 
the conclusion arrived at from a visual inspection of the source. These 
examinations are, however, necessary for the purposes of control of sub
sequent treatment technique, and they show the water to be heavily 
polluted and dangerous. The quality of the raw water shows great seasonal 
variations, as can be appreciated from the figures overleaf. 

From a perusal of these figures it will be seen that the raw water is very 
turbid, alkaline, and rich in nitrogenous and carbonaceous organic matter. 

The free and saline ammonia is lower than one would expect until it is 
realized that this water carries during the greater part of the year a fair 
concentration' of algre. Occasionally there occur, without warning, infesta
tions of algre, protozoa or crustacere, on a serious and alarmingly high scale, 
when every available means has to be applied to ridding the water of them 
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350 Notes on Water Supply of Alexandria, Egypt 

TABLE I.-AVERAGES OF DAILY ANALYSES OF WATER FROM MAHMOUDIEH CANAL ENTERING 

8IOUF WATERWORKS FOR TREATMENT, 1937. 

Chemical Results in Parts per 100,000. 

---------
Colour 

Clarity in cubic centimetres 
Turbidity, suspended matter 
Reaction pH 
Chlorides, Cl 
Nitrates 

Nitrites 

Free ammonia, NHs 
Albuminoid ammonia, NHs 
Oxygen absorbed from KMn04, 

3 hours at 37° C. 
Impurity figure .. 

Pre·flood 
Jan.·July 

----

7'9 
19'1 
7'88 
4'1 

0'0035 
0'028 

0'312 
2'96 

Flood 
Aug .. Oct. 

-----
Deep chocolate 

brown 
26 

57'7 
8'05 
4'2 

Less than 
0'001 

Less than 
0'001 
0'0003 
0'0645 

0'560 
6'02 

Post·Flood 
Nov.·Doe. 

-----

5'8 
16'7 
7'77 
2'3 

0'002 
0'0322 

0'352 
3'38 

Average BacteriologicaZ ResuZts. 
Bacteria capable of growing on 

agar, 24 hours at 37" C. . . 
Lactose fermenters (B. coli), 

number per cubic centimetre 
i,e. 

4,500 per c.c. 10,300 5,000 

250 827 134 
+ 0'004 c.O. + 0'0012 c.c. + 0'0075 C.c. 

Annual A v.rage 

------

<) 6'2 
28'3 
7'91 
3'8 

0'0025 
0'0377 

0'381 
3'79 

6,000 

378 
+ 0'0026 C.c. 

without causing the production of disagreeable tastes and odours in the town 
supply. 

It is interesting to note the almost complete absence of nitrites and 
nitrates, both of which one would expect to find in a water receiving sewage. 
This is due undoubtedly to the absence from the water of any dissolved 
oxygen capable of fostering the" nitrogen cycle." 

Bacteriologically the water shows great variation. Counts of 80,000 
per c.c. and positive B. coli findings in 0·0001 c.c~ being not uncommon 
during -the flood season. Typhoid, paratyphoid, dysentery, diarrhcea, 
and schistosomiasis are water-borne diseases which are endemic in Egypt, 
so that anyone, used to a pure water supply, foolhardy enough to drink 
untreated Nile water risks an almost certain chance of becoming a candidate 
for hospital with one or more of these diseases. 

Total solids in solution are low, the mineral content and hardness being 
around the region of 20 parts and 10 parts per 100,000 respectively. Solid 
matter in suspension, on the other hand, is extremely high .. During the 
flood season the clarity (depth at which 1 millimetre platinum wire is just 
visible) is only 2·0 to 2'5 centimetres, the corresponding turbidities rising 
at times to 200 parts per 100,000. The greater part of this suspended matter 
is truly" colloidal" and can only be precipitated by the use of electrolytes 
such as aluminium sulphate. 

The most striking feature of water from this source is the degree and 
rapidity with which its chemical composition and general biological fauna 
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H. E. Knott 351 

change. Within the .space of an hour, electrical conductivity has been 
known to increase from 300 to 900 megohms, solids in suspension from 
20 to 120 parts per 100,000, bacteria on agar from 2,500 to 12,000 per c.c., 
and B. coli from 10 to 1,000 per c.c. Such drastic variations in quality are 
of frequent occurrence, and call for unremitting vigilance on the part of the 
waterworks' treatment 'personnel. 

METHOD OF PURIFICATION. SIOUF WORKS. 

Purification of this water involves the following considerations:

(1) Destruction and removal of plankton (algm, diatomacem, crustacem, 
etc.). 

(2) Chemical dosing with coagulant. 
(3) Clarification. 
(4) Filtration. 
(5) Sterilization. 
(6) Distribution. 

(1) Plankton, in general, is removed by two self-cleansing rotating 
screens placed in series, of 18 and 50 meshes to the inch, and by use of 
combinations of the usual algicides. These screens are very effective and 
also remove large amounts of inert suspended matter. 

(2) Chemical Dosing and Conditioning.-After passing through the screens 
the water flows through two shallow cement-lined canals, each about 1,000 
metres long, which provide a small reserve of raw water and permit of 
treatment, whenever necessary, with algicides, prechlorination, or primary 
coagulation with potassium permanganate. 

At the far end of the canals the algm-free water receives its appropriate 
dose of coagulant before being pumped into the conditioners and clarifiers, 
wherein the suspended matter is deposited. 

The question of clarification presents a difficult problem for, as has 
been noted already, the greater part of the suspended matter is present in a 
finely divided colloidal condition. Colloids resist ordinary gravitational 
sedimentation, even with prolonged standing. Consequently, resort to 
flocculation by chemical means becomes essential, aluminium sulphate 
being employed in this instance. 

The dosing gear for this substance is automatically controlled for varia
tions in pumping rates and, in the near future, it is intended that the dose 
itself shall be varied automatically with the chemical requirements of the 
raw water, by means of transmission gear operating through a recording pH 
meter. 

The amount of coagulant employed varies between 8 and 100 parts per 
million (0·56 and 7·0. grains per gallon) in accordance with the pH and 
turbidity of the raw water. 

Aluminium sulphate, when mixed with a slightly alkaline water such 
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352 Notes on Water S'ltpply of Alexandria, Egypt 

as that of the Nile, decomposes to form an insoluble gelatinous precipitate 
of aluminium hydroxide, on which the microscopic flocculi of suspended 
matter are occluded. In practice, a few seconds after having received 
its dose of coagulant, the water is pumped into chambers known as 
" conditioners," fitted with specially designed revolving paddles. It is in 
these that the silt-laden alumina flocculi are agglomerated into dense, well
formed particles, in a fit state for rapid settlement w:hen the water is 
discharged, thirty minutes later, into the adjoining clarifiers. 

(3) Clarification.-This is the most vital step in the process of purification 
of water containing colloidal silt, for on its success or failure depends not 
only the ease of sterilizing the effluents from the filters, but also those qualities 
which render the final supply water ffisthetically satisfying to the general 
public. The employment of a clarifier which allows the formation of 
stagnant" pockets" of water, or of irregularities in water circulation, can 
give rise to troubles which will exert a detrimental influence on the biological 
" freshness" of the filter sand and the limpidity of the filter effluents, both 
of which factors operate against the successful application of the final 
process of chlorination. 

Clarification and clarifier design have been the subjects of much· 
experjmental work at Alexandria on laboratory and model scale during 
the past ten years. Some of the problems investigated and elucidated 
were :-

(i) The most suitable coagulant and the best method of adding and 
mixing it so as to form the densest and least buoyant type of 
flocculi. 

(ii) The most efficient type of clarifier to (a) Control movement of 
water during clarification and render impossible the formation 
of stagnant patches of water; (b) damp out disturbing temper
ature effects which, in tropical climates, exert a vitiating influence 
on the efficien:cy of most clarifiers; (c) respond immediately, 
and without disturbance of previously settled sludge, to changes 
in rates of flow. 

(iii) The most suitable method of introducing the influent water and 
withdrawing the effluent. 

(iv) The behaviour of water whilst. circulating through the sedi
mentation basin. 

(v) The best means for automatic sludge removal. 

As a result of this extended programme of experimental work, a new 
type of circular clarifier was eventually designed in the form of a 15-foot 
model. Later two llO-feet prototypes were installed at the Siouf Works, 
each holding one million gallons and capable of clarifying five and a half 
million gallons per day. They have been in continuous use for three and a 
half years, and have proved to be eminently suitable for dealing with this 
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H. E. Knott· 353 

type of water under all conditions. Throughout their period of operation 
the. average suspended matter removal from the raw water has been 93·2 per 
cent, and reduction of the albuminoid ammonia and oxygen absorbed by 
70 per cent and 69 per cent :tespectively-a very satisfactory result. The 
average clarity of the effiuent has been 60 centimetres. 

Amongst the advantages of this design should be mentioned :-

(i) An effiuent of such high clarity as to render unnecessary the use 
of secondary sedimentation tanks. 

(ii) High "capacity" efficiency-retention time only four hours, 
compared with the usual seven or eight hours. 

(iii) Economy in coagulant consumption. 
(iv) Immediate compensatory response to changes m temperature 

or rates of flow of the influent. 
(v) Simple form of automatic desludging. 

(4),Filtration.-The effiuents from the clarifiers are collected into a 
common main and flow by gravity to four rectangular rapid sand filters 
(Jewell design), each filter having an area of 125 square metres and being 
designed to work at a maximum rate of 100 cubic metres per square metre 
per day (Egyptian statutory rate). The system of cleaning is by "air 
scour" followed by high pressure upward water wash. Filters are always 
washed once every forty-eight hours, or more frequently if required. 

The effect of filtration is to produce a clear bright water containing 
less than 0·1 part per 100,000 solid matter in suspension (i.e. a clarity in 
excess of 200 cm.), and the bacterial count of the effiuent from the clarifiers 
is reduced by 90 per cent or more. 

(5) Sterilization.-The filter effiuents are now collected into a central 
channel where ammonium sulphate (0·3 to 0·6 part per million) is added. 
The water passes over a " hydraulic jump" to ensure thorough mixing and 
then flows out of the main filter building into a small covered" turbulence" 
reservoir, where chlorine is added to complete the second stage of the 
chloramine process. 

The dose of chlorine employed varies between 0·3 and 0·6 part per 
million, and is dependent upon the amount of residual chlorine found to be 
present in water which has had two or three hours' contact in the Works' 
storage reservoirs. The quantity of chlorine used is so regulated that the 
free chlorine will vary between 0·05 and 0·1 part per million at the outlet· 
of the reservoirs. This procedure is found to produce a sterile drinking 
water and preserves the distribution mains throughout the city in a healthy 
sterile condition. 

In this particular works there are three storage reservoirs, each con
taining one and a half million gallons, through which the chlorinated 
water circulates before being pumped into supply. The reservoirs are 
constructed in such a manner that the risk of atmospheric contamination 
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354 Notes on Water Supply of Alexandria, Egypt 

is eliminated. Each reservoir is fitted with a small i-inch pump over the 
outlet valve which operates continuously for the purpose of taking samples 
for bacteriological examination. Samples are taken every two hours 
throughout the day and night for chlorine estimation. 

The works has its own laboratory and a competent staff of European 
chemists. Great trouble is taken to ensure that the plant always works at 
maximum efficiency, and the records for the fully treated supply water 
confirm the effectiveness of the control methods employed. Mention 
should be made of the fact that the quality of the water distributed through 
the town mains is also controlled by the Alexandria Municipality, in
dependently of the Water Oompany staff. Samples are taken by the 
Municipality daily from public clinics, police stations, etc., in all quarters 
of the town and in the following table their bacteriological results are given 
as well as those obtained in the Water Oompany laboratories. 

TABLE n.-BACTERIOLOGICAL RESULTS OF EXAMINATIONS OF SAMPLES TAKEN AT VARIOUS 

POINTS IN THE TOWN AND SUBURBS OF ALEXANDRIA DURING THE YEARS 1934.1938., 

A. W. Co. Laboratories Municipal Laboratories 

Year 
Bacilli on 

No. of sample. 
No. of Bacilli on 

No. of samples 
No. of showin~ complete showing complete 

samples agar per c. c. absence of B. coli samples agar per e.c. absence of B. coli 
in 100 c.c. in 100 c.c. 

---------------------------------
]934 2,437 9 100'0 per cent. '1,401 26 99'3 per cent, 
1935 3,440 7 99'4 

" " 
1,381 26 100'0 

" " 1936 4,093 10 99'9 
" " 

1,971 25 99'9 
" " 1937 4,332 11 99'9 .. " 

2,073 29 100'0 
" " ]938 4,185 13 100'0 

" " 
~,079 26 100'0 

" ., 
-----------_._------------------
Total or average 18,487 10 98'S 

" " 
8,905 26 99'8 

" " 

TABLE lIl.-ANNUAL AVERAGES OF DAILY CHEMICAL EXAMINATIONS OF FULLY 

TREATED WATER. 

Colour 
Taste and odour 
Temperature 
Reaction 
Electrical c~mductivity at 20° C. 
Solids in solution . 
Chlorides, Cl 
Free chlorine (chloramine) 
Nitrates 
Nitrites 
Iron 
Residual aluminium .. 
Total hardness 
Temporary hardness •. 
Permanent hardness .. 
Free ammonia, NHs •• 
Albumin.oidammonia, NHs 
Oxygen absorbed, KMnO., 3 hours, 37° C. 

Less than 10 A.P.H.A. units 
Nil 
22'7° C, 
pH =7'30 
342 
19'8 parts per 100,000 
3'8 parts per 100,000 
0'12 part per million 

Less than 0'01 part per 100,000 
Nil 
Less than 0'01 part per 100,000 
0'013 part per 100,000 

10'5 parts per 100,000 
4'3 
6'2 " " " 

" " 0'007 part per 100,000 
0'0057 
0'0605 

" 
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H. E. Knott 355 

CONCLUSION. 

A high-grade water supply showing an absence of B. coli in 100 c.c. in 
practically 100 per cent samples. 

SUMMARY. 

(I) A brief description of the source, quality, method of purification 
and bacteriological control of the Alexandria water supply is recorded. 

(2) Mention is made of a new type of clarifier which is proving highly 
efficient. 

(3) The system of bacteriological control is rigid. Unremitting care 
and vigilance are exercised by those in control of the water works and by 
the Public Health Authorities to ensure that the water supplied to the 
public is at all times fit for human consumption. 
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