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REPOR'r ON THE \VATER SUPPLIES OF MA.LT.L\, 1912. 

By Professor T. Zammit, C.M.G., M.D., Government Analyst, and Major A. II. l\iorris, R.A.M.C., Sanitary Officer, Malta Command . 

PAR T 1. DES C RIP T I V E. 

GEOLOGY OF THE ISLAND. 

I. 	 In a report of this description a short survey of the geology of the Island is of great importance. 

2. The rocks of Malta ~onsist of a st'ries of nearly horizontal layers of crystalline, granular or earthy 
limeston es, of a bed of green sand and a bed of stiff clay or marl. These are all of a sedimentary origin. 

3. 	 These layers are as follows :- ­

1 	 Uppel- coralline limestone ... about 300 feet. 

2 	 Green sand ... from 0 to 35 feet. 
Blue clay from I to 40 feet.~~~~~~~~~~~~~~~~~~!al 3 

,~===================~=========I~I 
Globigerina lim estone about 250 feet. 

'1) 4 

Lo\\'er corall ine limestone . .. about 500 feet.5 

4. 	 The strata can thus be described:­

1. Coral limestone, reddish-white calcareous rock mostly c::lmpact and harel, but sometimes changcd 
into a yellow san dstone. Original thickness exceeds 100 feet. 

2 . Layer of soft yellowish-red sand,tonc or loose sand; thickness varies from 8 to 20 feet, has 
greenish-black grains intemlixed with the yellow sand, abound~ in organic remains differing hom those of 1. 

3. Thick beo of marl or clay of a dark blue or light grey somctiml~s light brown: not stratified, 
contains crystals of gypsum and occasionally nodules of sulphur. The marl con tains a fe l\' organic remain s 
which hav~ served as nucle i to in-eg'ular nodules of iron pyrites. 

4a. \Vhite calcareous sandston e immediately subjacen t to the marl into which it quickly passes, 20 

to 30 feet thil:k. 

4 b. Bed of fine g rain ed sandstone IS to 20 feet thi ck, of a reddish-white and sometimes grey 
colour, contains foraminifera. 

4 c. Deposit 30 to 50 feet thick, pale yellow calcareous sandstone with noclulcs of a flinty texture 
viz:-chert, in \I'hich are fish scales; it varies much in quality-in SO?lC! parts thinly stratifie(l, but more generally 
assumes an unstratified character, sometimes used for building, liable tu exfoliate on exposure to weather. 

4 d. Be(l 2 to 8 feet thick, calcareous sandstone containing in-egular nodules mixed with casts of 
shells and other organic remains, fish teeth and vertebrae. 

4 e- Lowest portion of sandstone 40 to 50 feet thick. Building stone (at Luca) unstratifiecl. 
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5. Yellowish-white, semi-crystalline, alternating with course sandstone apparently made of minute 
fragmen ts of coral and shells, 400 fet~ or more. Used for building purposes (scutella bed). 

5. The water bearing strata are all above the third layer (i.e. the blue clay), not because the other layers 
do not absorb water, but because the blue clay alone stops the water and causes it to flow in streams or come t() 
the surface as springs. Sir John Murray observes in his work on the Geology of the Maltese Islands:­

" The clay is generally watertight so that engineers in search of water stop sinking when they strike this bed. 
" Were it not for the retentive nature of this bed of clay, Malta and Gozo would have little if any water supply. 
" At the level of this layer the lVIaltese run in tunnels to collect water for irrigation and other purposes, and the 
" famous aqueducts constmcted over zoo years ago carry water to Valletta from this layer for a distance of about 
" 8 miles". The rocks above the blue clay are therefore the natural reservoirs of our rainfall. Owing to this 
waterproof layer, the water that has filtered through the limestone is collected in sheets ane! crops out as springs 
on the clay. 

The water which falls on the rock, below whil;h no layer of clay exists, is likewise absorbed but does not form 
springs. It permeates the rock throughout and if a gallery is cut in this rock at about sea level the water oozes 
out of the porous stone ane! dribbles on the fl001- of the gallery. In this way a certain quantity of "vater C:lI1 be 
collected, proportional to the porosity of the stone and to the surface of rock exposed. 

Galleries cut in the while rock to the southwest of Casal Curmi have yielded a plentiful supply of water as 
will be detailed later on. These are the galleries of vVied-Isseuda and vVied-il-Kbir. 

GENERAL DESCRIPTION OF THE VARIOUS WATER SUPPLIES. 

6. The Water supplies consist of: ­

A. 	 Three separate groups of springs, the water of which is collected by the limestone layers above the 
bed of clay. 

B. A few isolated springs, the water of \\hich is collected in a similar manner. 

c. The deep galleries cut in the soft white rock of the 100\"er strata. 

7. It \\'ill be seen from the above that practically all the water supplies of the Island may be termed surface 
waters. Although the waters in the galleries are very deep, being practically at sea level, still the possibility of 
fissures in the rocks themselves must make us consider them as surface waters. 

A. 1. The Wignacourt Supply. 

8. The first of the three large groups is that existing on the Western hills of the Island about two mile~ 
beyond N otabile. Thi~ group is made up of a number of springs of ""hich only a few were utilized in 1620 

when Grand Master Wignacourt constructed his famous aqueduct to Valletta. 

9. 	 This group is named the vVignacourt supply and consists of the following sub-groups:­


Sub-group (J). Consisting of the two springs 'fa Baldu and Hofriet-ir-Rizz. 


Sub-group (2). The springs of MisraI-. SufTara and Ta Decozzu. 


Sub-group (3). Consisting of three springs Honua, vVied-il-Buzbiez and Ta Cianti. 


Sub-group (4). Consisting of three springs Ghain Kajjed. Ghain Klicb and Tat-Targia. 


Sub-group (5). Buzigrilla, Gheriexem, and two other small springs. 


Sub-group (6). Another solitary spring named Tal Gbemieri. 


10. The waters from the spl-ings of all these su b-groups for the most part meet in the Fiddien valley and 
are conveyed in pipes to the reservoirs at Attard and finally help to supply Valletta, Floriana, Sliema, St. Julian'S. 
Birchircara, Musta, Gargur, and Naxaro. 

A. 2. The Boschetto Supply. 
I I. The second of the large groups originates on the hill to the south of N otabile, round Verdala Palace. 

This group is called the Boschetto Group and consists 0[: ­

(I). The spring- of Tas-Senia. 

(z). The spring of Tas-Sala. 

(3). The spring of Ta Rapa. 

(4). The spring of Ghain-il-Cbira or Ghirghenti. 

(5). The Bishop's springs, three in number. 

I z. This supply goes to Siggieui, Zebbug, and Curmi, a branch is taken to the Lun3.tic Asylum and from 
there to the rtservoirs at Tal Kali (Attard). 

A. 3. The Fawwara Supply; 
13. The thire! group is the Fawwara supply consisting of three springs originating under the high plateau 

of Tal Ghalia and Gebel Ciantar to the south of the Island. The springs are : ­

(a). Tal Lunziata. 

(b). Tal Fawwara. 

(c). Ta San Giorg. 
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£4. This water is conducted towards the village of Crencli and distributed to this village and to those or 
Zurrico, Safi, Luca, Cbircop, Tarxien, Guiia, Axiak, and Zeitlin and their respective districts. 

B. Isolated springs. 
15· ([). The water supply of Rabato originates in the galleries cut in the plateau between Rabato and 

Dingli. 

(2 ). Bur-nuhhala, from a plateau to the north of the Bing-emma hills. 


(3 ). Tal Gnien, from the north-west of the Bingemma hills towards Ghain Tuff1eha. 


(4)· Mejj esa. from the cliffs to the north of Ghain Tuff1eha. 

16. Springs (2) and (3) supply St. Paul's Bay and Mellieha, also partly the Military camp at Ghain Tuffieha. 

C. The deep galleries. 
17. Armi er, \Vied-il·Kbir and \Vied-is-Isseuda. In the sixties the attention of the Authorities was drawn 

to a supply of water at the Marsa in a field called "Tal Armier". A pumping plant was fixed and water pumped 
• toward Cospicua. 

In 181) 3 l\1z-. O. Chadwick, a Sanital'Y En gineer of repute, was called in to give his advice about the water 
supply of these blands. Ml'. Chadwick. gave his vievvs in a series of reports extending between 1883 and r888 
and the Government adopted most of the recommendations expressed in these reports. 

The main gallery runs at practically sea level, from the head of the 1\Iarsa along the \Viecl-il-Kbir and vVied 
Kirda valleys, and after passing under the high ground east of Zebb'Jg it comes out again into the vVied-Isseuda 
valley which it follows up as far as \Vied Incita where another pumping station is situated. The gallery is 3i 
miles long and is cu t in the white rock at a depth varying from 200 to 173 feet. The water in the gallery is 
pumped up in part by the pumping station at vVied-il-Kbir, and in part by that at \Vied·Isseuda. 

DETAILED DESCRIPTION OF THE VARIOUS GROUPS. 
A. 1. The Wignacourt Supply. 

IS. Sub-group (1) Ta Baldu and Ho.frtd-ir-Rz'zz:-

Ta Baldu is a small spring originating on the Ta Baldu plateau; this area is under cultivation and there 
is a senia and several wells in the area. It is a single gallery about 2,600 feet long and 65 feet deep. The 
pipe goes eastwards and joins that of Hofl'iet-ir-Rizz. There was a second small spring to this supply but this 
was cut off a? it was objectionable being too neat- a farmhous e. 

19. Hu.frid-ir-Ri·zz. This water originates at the end of the gallery,about [,(100 feet long and 50 feet 
deep running at the eastern edge of a deep depression in the ground 'which is under heavy cultivation and is 
known as HofriN-ir-Rizz. It appears that this \\'ater is in reality only the surface water of this highly cultivated 
area. In winter it is turbid which clearly points to its surface origin. 

20. The combined waters of Ta Baldu and Ta Hofriet-ir-Rizz run down to join the Wignacourt supply in 
the Fiddien valley. 

2 [. Sub-group (2) . . 1I1i'srah SII./fara Sprzilg. Its collecting ground is the rocky plateau to the north of 
Casal Dingli. It has two heads; one originates very close to the village of Dingli. The second odginates in 
the rocky soil about 500 yards north of that village. The first head is not piped anel is not included in the water 
supply as its source is not considered satisfactory. The second head is piped and is the principal source of this 
supply. The g-allery is about 4,000 feet long and 70 feet deep, at its head, and winds its way to the Fiddien 
valley, via Ta Baldu hill and Wied Liemu, where it joins the \Vignacourt supply. In the gallery there are 
three small subsidiary springs all piped. This water used to join the water from another spring viz: ­
Ta Decozzu. This latter spring has a bad catchment area and is evidently a surface water; it was accordingly 
cut out of the water supply in [910. 

22. Sub-group (3). Bmma, W,ed-l'l-Buzbicz and Ta Cianft';-

Bonua ,tIld Wicd-il-Buzbl'ez. These springs have been classed together as they practically tap the same 
catchment area. This catchment aree:. is the rocky ground bet\\'een Bieb-it'-Rua and Imtahleb. This ground 
is sparsely cultivated. The galleries are about 70 feet deep and are some 8,000 feet long. They were cut in 
[ 864 and contain 175 shafts. The waters from these sprin gs, of which there are numerous sources, are cunveyed 
in pipes down to the Fiddien valley to join the \Vignacourt supply. The waters from these springs were formedy 
joined by the Cianti water but this water has now been cut out of the supply. 

Cianti takes its origin from the ground south of Bonua from a catchment area which is low lying, highly 
cultivated and tapped by many wells . The exclusion of this water from the aqueduct was recommended on 
account of the objectionable character of its catchment area and its sensibility to rain. 

23. Sub-group (4.). Ghail1 Ka)/cd, Ghaz'n KlJ'cb, and Tat-Targl'a:­

These springs have for their collecting area the Nigret hill. This is a rocky plateau with moderate 
cultivation on it and two or three farmhouses. Taken on the whole the character of the collecting ground is good. 

Ghaill Ka)/ed originates at the north east part of the hill. It is a short gallery about [65 feet long and 
40 feet deep. A farmhouse is situated on the crown uf the gallery but the head of the spring is well beyond it. 

This water goes to a tank on the Fiddien road whence it is pumped to N adur on one of the Bingemma 
hills. From Nadur it is distributed to Imtarfa and the outlying Forts in that area. Part of the Ghain Kajjed water 
goes to supplement the Rabato supply. 
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Glta/n KLt"tb. This originates on the centre of the hill and flows in a northerly direction to join the 
\Vignacourt supply. The gallery is fairly long (about 940 feet) and 50 feet deep. 

Ta/-Tllrg/a. This ori6'inates also from the centre of the i'Jigret hill bu t it runs in a westerly direction and 
is conducted to Fiddien. It has several small heads; the gallery is about 1,400 feet long and So fe e t deep. 

24. Sub-group (5). Buz/gr/Ila and Ghent.'run. 

These springs are no longer in the supply, Although near the Ghajn Kajjed spring their catchm ent a rea is 
not the same but is the hill on which Rabato stands. The chemical composition of thi s water and that of Ghajn 
Kajjed is different, the former being a consillerahly harder water. As their catchment area was not satisfactory, 
being near human habitations and abounding in \I'ells, and as the water was exceedingly sensible to rainfall, both 
springs lI'ere permanently cut off from the supply, 

Formerly tll'O small springs named Tar-Randa and Tal Rerkuka used to join the aqueduct near the Ghajn 
Klieb water. Their catchment area was the low lyin g, highly cultivated fields north of i\'igret hill. This area -
is a bad one and the springs, being very sensible to rain, were permanently cut out of the supply. 

25. Sub-group (6). Tal GllCiilirri. This spring rises at the bottom of the southern aspect of one of the 
Bingemma hills, known as Ghemieri. The plateau under which it originates is rocky, uninhabited and sparsely 
cultivated. The gaIJe ry is about 770 teet long and 75 feet deep. It is piped to the Fiddien valley where it joins 
the \Vignacourt supply. 

A. 2, The Boschetto Supply, 
26. Tas-Sm/a ori~inates on the low hills to the west of Boschetto yalley. The gallery i, not deep, the 

catchment area is highly cultivated and is tapped by numerous wells. The spring is very sensilJle to rain. For 
these reasons this \\'ater has been cut out of the ~upp ly. 

The Springs Tas-S"la and Ta Rapa take their origin from the hill to the south of the Boschetto valley known 
as Ta Ra.pa. Tas-Sala appears at the foot ot the hill at the northern aspect. It is a short galle ry about 145 feet 
long and 60 feet deep and the watcr is very little sensible to rain. Ta Rapa emerges on the easterly aspect of 
the hill, about half way up its summit. It has t\\'O heads, It is a constant spring and little sensible to rain, the 
gallery being about 265 feet long and 30 feet deep. The Ta Rapa hill is rocky and spar;-,ely cult ivated. 

Gltajll il Cbira. From the southern aspect and at the foot of Ta Rapa hill, in a \'alley known as 
Ghirghenti, the spring of Ghajn-il-Cbira emerges. This spring is not Government property and as it has not 
been piped it is not alloll'ed to join the water supply. 

Tile Bis/top's sprillgs. These are three in number and arise in the valley known as Gnien-il-Cbir. Their 
catchment area is the high ground to the south of that valley and north of Verdala Palace, They are private 
property but the Goycrnment has the right to use the water \I'hen required. The watcr frum these springs is 
now piped to join the Boschetto supply on its \\'a1' to Zebbu.~', near the church ot San Bias, The water in the 
galleries themselves is not piped, however. The hill on which they originate is highly cult ivated CLnd is tapped by 
several wells. 

A. 3. The Fawwara Supply. I,
27 . (a). LlIll::;/(zia. This spring is the most easterly of the group. The gallery starts near the Lunziata 

church and extends towards the hig'h and rocky plateau of Tal Ghalia. It is a short gallery, howevcr, and does 
not reach the face of the cliff Thc gallery is to be lengthened to reach underneath this rocky plateau thereby 
avoiding any pollution from surface waters in the 1011'er ground under the plateau. Thc gallery is about 50 feet 
long an d 25 feet decp. 

(0), Fawwar,l. This spring arises about 1,200 yards west of Lunziata spring and the same remarks. 
apply to it. 

(c) . The Sail Giorg gallery is about 1,000 yards north of Fawwara and commences immediately under 
the high and rocky plateau of Gebel Ciantar. The galleries are deep a'1d extensive and all run underneath this 
high plateau. Length of gallery about 2,1 IS feet and depth 90 feet. 

23. The combined waters from these spring-s join lOgether and are piped in an easterly direction to a 
service tank at Krcndi \\'hence the water is distributed to the southern and eastern villages of the Island, Krendi, 
Mkabba, Luca, Gudia, Zeitun, and the eastern Forts, Bcnghisa, Delimara, etc. A branch pipe of this supply goes 
to a tank at Nigret near Zurrico and supplies the villages of Zurrico and San. 

B. Isolated springs. 
29. ( I). t he Rabato su/P(J!. Rabato and Notabile have an independent water ~upply. In 183 5, 2,300 feet 

of galleries \I'ere dug through 14 shafts on the plateau which from the Dominican Convent at Rabat extends 
towards Casal Dingli. SCI'eral springs were found and their \\'ater \\'as C'onducted towards a point on the Casal 
Dingli road where a pumping station lI'as constructed. The water is pumped in a circular reservoir 120 feet 
above the surface of Rabat and Notabile. ,\Vhen needed, this supply can be supplemented by the Ghain Kajjed 
pumping station. 

(2). The Bltl'-llUhltala spring crops out under th e rocky plateau of Bur-nuhhala, cne of the Bingemma 
hills, to the north west of Nadur. The spring is not large and runs in a gallery 230 feet Ion.£?: in Ivhich the water 
has lately been piped from its source. This \\'ater is conducted northwards towards Zebbieh and Puales and is 
intended to supply l\Iellieha. On its way it supplies Mgiar and St Paul's Bay. 

(3). The spring known as Tal Gil/tit crops out on the south west face of the Ghain Tuffieha cliffs. Its 
collecting area appears to be the rocky plateau of that district which is only slightly cultivated, The water runs 
in 225 feet of g'allery, lately piped. The water leaves the collecting box in a westerly direction. A 2" pipe is 
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taken to supply the Ghain Tuffieha camp. A 6" pipe takes a supply to PL.ales w:lere it meets the BU1--nuhhala 
water on its way to l\Iellieha. Another 6" pipe runs to a reservoir close by and hence to the neighbouring fie lds 
where it is used fur irrigation. 

C. The deep gallerie:$. 
30. Arm/er, Hied-z"l-Kb/r, and Wi; r1-fsS<"uda. The Armier water ' is a brackish ,,;ater which crops up 

abundantly allover the l\Iarsa plain. Formerly it was pumped at it field called Tal Annier. L::tter, however, 
with a view to economy, it was arranged to pump this watel- at th~ \Vierl-il-Kbir station and this station is now 
intended to pum[) the water from the g-alleries cut in the white rock and also the Armier water which is k nown 
as the second class water. This Armier water is hard and is not well adapted for domestic purposes; both 
bacteriologically and chemically it is objectionable. It is therefore only used as a second class water and it is 
made to ru n in special pipes for this purpose. The Arm ier \\'ate r is pumped to a reservoil- on the St. James' 
Cavalier opposite the Castille a !H1 hence is distributed by gravitation. 

At vVied-il-Kbir Pumping- Stat ion the arrangement is as follows. There are two pumps, a large one capable 
of li fting one and a quarter million gallons of the deep gallery water, called first class water. and also a second 
pump wh ich can lift half a million ,g-allons daily of the s2cond class or Armier water. Unfortunately, howeve:-, 
each of these engines can pump either watel- and, further, Armier water can Le run into the well from which 
usually vVied-il- Kbir water is pumped. vVith this arrangement it is possible to have an admixture of the two 
wat~rs and th is is objectionable from a health point of view. 

The Wied-i l-Kbil- water is pumped to a service tank to the north of Luca called SChliUls Reservoir the 
capacity of which is about J million gallons. From thence it is di~tributed by gravitation to the three Cities, 
Verdala Barrz:.cks, and Cottonera Hospital and if requi red it can also be distributed to Valletta. A Naval tan k, 
close to Schinas reservoir, is also fed fro~n this pumping station dnd is exclusively used by the l'\aval Authorit ies. 

The vVied-il-KlJir engines, even when working continually, do nQt exhaust the \\'atel- collected in the gallery, 
hut can on ly lower its level to about 9 feet in depth. This 5ho\\'s that apparently \\'ith more powerful engines this 
supply of water could be increas-=!d. 

The vVied Is-seuda Pumping Station lies at the farthest or south \-I-est end of the gallery and can pump 
water of about ! million gallons per day. Hard continuous pumping does not aFfert the le\'el of the water in the 
g-allery, so that here again a more powerful engin", \\'ould seem to be able to supply a gTeater amount of water. 
the water is pumped into a main which g-oes to Valletta. This mai n joins the \Vi,~;nacl)urt water at about t mile 
east of the Kali reservoirs. \Yhen the \Yied-Isseuda water i" pumped in excess of the requirements of its 
distributio n area it goe" into one of the tanks at Tal Kali (Attard). 

YIELD OF SPRINGS. 
:3 I. The follo\\'ing fig-ures, showing t!-:e difference in quantity of the water yielded in winter and summer by 

the va ri ous springs, have heen kindly fumished by the Superintendent of Public vYorks. A year of rainfall some­
what above the average has been chosen. 

The figures for the individual spring's of the \Vignacourt group are not ilvailal)le as the daily yield of water 
WdS only registe red at the box in the Fiddien Valley through which the total vVig'nacollrt supply passed into the 
main aqueduct. 

As m any of these \Vignacollrt springs which had unctesirable catchment areas and showed great sensibility 
to rain fall have now been cut out of the supply, the difference in the daily yield in \\'inter and summer will be 
cons ide rab ly reduced in future. 

DAILY ;\1E.'\N AVERAGE YIELD OF SPRlN'GS IN GALLOI\S DURING 1908-09. (RAIXFALL 25 ' ! 10). 

-

Date 1908-0 9 Fiddien Sala Rapa Senia Lunziata Fa\.vwara S. Giorg 

.- - - - ------ ------------------- - ­
December ... .. . 160534 48638 15970 204iJ9 18J35 16475 38565 
J anuary ... .. . ... 656600 48070 160 [3 110547 2364r) 23957 4 155 4 
February .. . .. . 441) 833 49966 1586 ; 56483 17 152 15697 4073 0 
March ... ... '" 379200 45 185 13906 39773 16540 1449 1 33554 
Apri l .. . ... ... 3 J [892 4S222 '4117 32654 17735 1561 I 3601 3 

--------- - ---------------. - ---- - ---- ­
1957059 240081 7S 87' 259871 93 208 862 31 190422 
--------.--- - - ---- ---- - - ----- ---------­

\ VIKTER ... .. . ~91411 4'301(-) 15174. 51974 [86~S 17246 3'3084 
---------- --_._------ -------------- ­

June ... ... .. , r85677 45046 12 544 19644 16787 15 242 33480 
July . .. ... ... 159 159 426So 13042 1462 5 [6248 14 194 32880 
August ... ... ... 143700 42126 122 78 13263 15 839 12730 32737 

- ­ -- ­ - ._ --- ­ - --- ­ -- ­ - ­
488 536 129852 37864 47537 48874 42166 99097 

- - ­ - ­ - -- ­ - ­ - - ­ - - -----­ - - - - - - - --- ­ ---- ­
S U DIER ... .. . 1295 12 43 2 84­ 1262 1 15845 1295 3 14055 33032 

i I 

.. 
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PART II. ANALYSIS. 

32. up to a few years ago the potability of the water of the Island was jurlg-ed almost entirely by 
chemical examination. Some of the watel:S were condemned on account of excessive hardness, i.e. the Armier 
and Marsa waters. Other springs such as Gherixiem and Buzigrilla were condemned on account of the excess 
of orga ni c matter observed , especially after rain. Later on, bacteriological examinations were made on the 
then n'icognised lines, and other springs such as Ta Decozzu and \Vied Liemu were cut out of the supply as the 
result of these tests. ,.

The bacteriological e\:am ination of these waters became an acute question after the epidemic of Enteric 
Fever of 1909 which lVas in all probability due to dellnite pollution conveyed in some of the galleries ahd by the 
Buzigrilla Spring. 

33. The present bacterio logic,tl examination is based on the lin es laid down by Clemesha in his Annual 
Report of the King Institute, J\ladras, for 1908. 

A practical resume of this report was made by Firth in the R.A.I\f.C. Journal of No\'emher 1910. Our 
examinations are conducted on the 1ines lai(l down therein, and an attempt has been made to trace the Lactose 
fermenters prt'sent in the waters and place them in the ir respective groups of importance. It must, however, 
be borne in mind that Clemesha based his division of Lactose fermente rs principally on the factor of the length 
of time that the waters wel-e constantly exposed in larg-e volumes to the action of sun light. The waters of Malta 
are quite differe!1t in this respect. As a practical point they are not exposed to the action of sunlight at all, as, 
for the most pa rt, they run underground from their source till they reach their distribution. 

It will thus be acknowledged that the deductions drawn from our examinations of the Lactose fermenters 
cannot be strictly compared with tho,e of Clemesha, as he says himsel f that he cannot tell how far his methods 
are applicable to waters of springs and wells which are not exposed to the direct action of sunlight. These 
obsen-ations also apply to the methods of water analysis adopted at Khartoum and expressed in the 4th report of 
the \V. T. Research Laboratory for the year 19 f O. 

j\ lthough th e comparison may not be it strict one, a certain comparison can be established, as we have found 
that in those waters left to stand in a tank (not exposed to light) there is an alteration in the different groups­
of Lactose fermenters . 

The first group is practically non-existen t and NO.3 group is more common than NO.2 group. 

\Ve therefore think that Clemesha's conclusions in regard to the various groups tlo, to a certain extent. 
app ly to the i'I'Ialta waters. 

\Ve may further state that during the months that our bacteriological examinations were being condu'cted 
th ere was no outbreak of any water-bome disease at all in the Island, although the waters of several springs, 
,,\'hich were being drunk, were sho\\'n to con tain organisms of the first group. 

34. \Vhatevc r importance may be attached to the deductions made from the methods of bacteriological and 
wchemicdl examinations of waters there remain s a third factor in regard to them, the value of which outweighs 

either of these methods. This is the investigation and knowledge of the catchment areas of the various springs 
and suppli es. On this factor hangs the chief evidence for the constant purity or othenvi,e of the supplies and 
according-Iy the chemical and Lacteriolog-ical examinations must remain subordinate to it. What then is our local 
kno\\'l edge in this respect? Speaking generally we know :- ., 

([). That they are surface waters. That is, they originate from rain which falling on certain areas 
percolates through the soil and comes- out as a ~pring. 

(2). vVe kno\v that these areas are cultivated (sometimes heavily and sometimes sparsely), that these 
areas contain few inhabited houses, that many of them cont2.in wells which tap the shed of water of which 
the spring is a part. 

(3). vVe know that they contain no cess-pits. 

(4). . \Ve know that the cultivated areas on them are manured, and often very heavily manured. 

(5). \Ve know th:lt this manure is principally animal manure of which human excreta may form a part, as 
it seems to be the custom of the local agriculturist to keep human excreta for this purpose. 

(6). \Ve know further that the water from the springs is now piped from its source direct to the 
consumer. This is of the greatest importance as it eliminates the pos~ihilities of pollution that formerly ex isted 
in the channels that run in the miles of galleries and aqueducts. and permits us to judg-e of the purity of the 
spl"ing from a study of its catchment area alone independently from the land through which the long galleries of 
the aqueducts have to pass. 

35. The above can be considered to be the general knowledge we possess. 


The particular knowled~e we aim at possessing with regard to each individual catchment area consists in: ­


(1). The nature of the ground, whether rocky and spar.;ely cultivated, or whether richly cultivated ground 

heavily manured. 

(2). The habitations, if any, on it and the number and character of the wells, if any. 

(3) . The depth, i.e. through what quantity of rock must the water percolate or filter b.;fore it crops out 
.as a spring. 

• 
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vVith regard to (3) we meet a very great difficulty, which IS the existence of llssures in the rock. It is, 
common knowledge that extensive fissures occur in the rocks of the Island. There is no practical method of 
knowing whether these fissures exist in any given place and the only indication on which we can rely for their 
presence is the sensibility of the spring to rainfall. Certain springs, for instance Tas-Senia, Ta Decozzu, Ta Cianti, 
the catchment areas of which weI e not considered safe for the reasons mentioned in (I) and (2), were cut out of 
the supply. 

36. It will be seen that the characters of the waters of these Islands differ in many essential respects from 
those on which Cleme~ha's report and the report of the VV. T. Research Laboratory at Khartoum are baseri. 
Our waters are not de:·iveri from rivers which flow through large tracts of land inhabited by insanitary people and 
which may be polluted in theil- course by sewage, as in India and Egypt. Under ordinary conditions the waters of 
our springs have to lilter throug'h a certain thickness of rock \\'hich sometimes is as deep as 200 feet. Our only 
problem is the condition of the rock through which this filtration occurs. In winter after rain the filtration is not 
perfect and surface \I'aters may be washed down into the springs unfiltered. Here even simple sedimentation in 
tanks woulri safeguilrd the wilter, out unfortunately a sufficient number of storage tanks do not exist in Malta. 

37 , The question of a standard of purity for a water supply is exceedingly difficult and has been made to 
vary according to different observers in various countries. 

In Malta it is not possible to give a uniform standard of purity for the year. In summer when there is no 
rain and filtration is good the bacterial contents of the waters are low; after rains Lactose fermenter:s are more in 
evidence. The chief and most important factor in the water supplies of Malta is the introduction after rain of 
unfilt'~ ['ed surface waters into the springs. No given standard can be adopted to legislate for this. Fortunately 
we have a remedy at hand. 

3\). Having before us the general characters of the waters of the Islanrl, i.e. the possibility of their pollution 
by human excreta from the catchment areas, we 100ke(1 round for some effective but cheap method of treating the 
water so that the likelihood of its pollution might not affect the con~umer. 

There was a method of treatment in use - namely, by lime, but hitherto that had not been successful in 
ridding the water of bacteria of an intestinal type. 

39. One of us had seen the De Chlor process in use at Reading and thought it possible to use a modification 
of this method to suit lucal conditions here. At Reading, where the process is in use, water is treated by Chloride 
of Lime and the Chlorine is eliminated from the water by means of a filter. The water after treatment is not 
stored in tanks but goes direct to the mains. Now the Malta water contains very little organic matter and so the 
quantity of Chloride of Lill1e neces5ary to treat it would be far less than that required for the Reading water which 
is a river watel". Therefore by using very stllall quantities of the reagent and allowing the water to rest for 
several days, so as to allow any trace of Chlorine to pass away, we thought that a practically sterile water might 
be given to the consumer free of Chlorine and without having to use the expensive apparatus for the filter. 

40. Laboratory experiments were made first of all and as they proved successful, the next expenment \"as 
ma!le on NO.3 tank at Attard. A million gallons of water was made to flow at a uniform rate into this tank, so 
that the tank received the whole million in six days. A solution of Chloride of Lime was run continuously into 
the water entering the tank, the amount of available Chlorine being- carefully estimated at 0' 5 parts per million, 

Samples of water were taken daily, and always proved to be practically sterile. A slight taste and smell, 
resulting from the treatment," n-mained in the water. Another 400,000 gallons of water were therefore added 
to the tank without treatment and allowed to mingle and remain with the water already in the tank. This was 
on the loth day from the beginning of the experiment. Two days afterwards (12th day) the water was quite free 
from any taste and smell and also proved to be practically sterile, On the following day, that is on the 
13 th day from the beginning of the experiment, the \\'ater was sent into the Valletta mains mixed with the 
vVied-Isseuda water. 

It wa~ evident from this experimen t that small as was the quantity of Chloride of Lime used, yet it was still 
too strong to permit of its use as a working scheme. 

No. [ tank was therefore taken and filled in three days with a million gallons of water at a continuou~ rate 
of flow and the reagent (Cloride of Lime) was added in strength of .25 parts per million of available Chlorine. 
The tank filled in three clays and the water was found to be practically sterile. Slight taste and smell were 
apparent, but in three more days they had completely disappeared and on the seventh day, from the oeginning­
of the trial, the sterile water from the tank was put into the Valletta mains mixed with the Wied­
Isseuda water. 

A siinilar experiment was again tried on NO.3 tank and again on the seventh day a sterile water frO'c from 
an y smell and taste was put in to the Valletta mains. 

4 [. As these tests pro'led so successful we were strongly of the opinion that we had here a process by 
which a practically sterile water could be given to the consumer at very little cost. vVe were permitte(l to 
continue this method of treatment and from that date until the present time the vVignacourt water has been 
continuously treated, The three small tanks at Attard are used. No. [ tank is filled with treated watel- in 4 
days. It rests 4 days while NO.2 tank fills, also in 4 days. No. [tank is then put into the Valletta mains (taking 
4 days to empty) , In the meanwhile NO.2 tank stands for 4 days \\'hile NO.3 tank is filling. Thus we always 
have one tank filling, one standing and one going to the Valletta mains. 

The treated water has always proved practically sterile (that is Lactose fermenters are absent 10 [00 c. c.) 
and the water that has stood in the tank four days has always been free from taste and smell. 
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The streng-th of Chloride of Lime varies somewhat but it can be confidently stated that an amount between 
6 a1d 8 Ibs. is sufficient to sterilise I million gallons of water for all practical purposes. 

42. The following figures were obtrtined from the Public "Works Department. Bought in bulk, Chloride of 
Lime costs: -£ Jo. lOS. a ton, or about 11d. a pound. The daily supply of water is about 2 million gallons. 
Therefore the daily cost of a practically sterile water would be between I/6d . and 2/- a day. 

43 . vVe would recommend that suitable arrangements be made to treat the whole water supply to Valletta 
by the same method. 

Valletta is commonly supplied by the \Vied-Isseue!a ane! Wignacourt waters, the amount of the latter water 
supplied daily being from one quarter to one third of the former. As it exists at present, the vVi,;d ~ Isseuda 
supply cannot be treated as it is essential that the treated ,\'ater should stand in a tank for 4 days. We 
therefore suggest that the main for the \Viee!-Isseue!a water be prolonged as far as the Prise-d'eau, that is the 
box where the vVignacourt Supply is connected with the reservoirs at Attard. It could then be treated togethel' 
with the Wignacourt supply and the combint:d waters, after treatment, sent into any of the tanks at Attard to rest 'J 

for several days before going to Valletta. 

This would necessitate ( J) the prolongation of the Wiecl-Isseuda main for a distance of about 1500 yards. 
(2) The division of the Santa Maria tank, which has a capacity of 12 million gallons, into say 4 tanks of 3 million 
gallons each. 

44. Once this method of treatment had been applied to the \Vied-Isseuda and \Vignacourt waters and 
found efficient, the same method could be adopted for the remaining supplie~ of the Island. 

The application of this treatment would necessitate the construction of additional rese rvoirs. 

\Ve would like to point out, however, that apart from any question of this treatment the provision of 
reservoirs for water supplies of this description is a sound policy because the waters can thus be brought to one 
place where they can be distributed at a uniform pressure and where any method of treatment can be readi Iy 
aJ.!plied. 

45. Vve wouid further point out that, if suitable provision be made for this method of treatment, any of 
the waters of the Island, except brackish waters such as "Tal Armier" and "Ta Gheriexem", could be safely added 
to the existing supplies. The~e waters are objectionable for drinking purpose on account of the excess of mineral 
salts they contain. 

.. TE~L ZAMMIT, A. H. MORRIS, Major R.l\.M.C . 
Goverttmeltl Ana/},sl. Sallliary Officer Malia Command. 

16th April, 1912. .,. 
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. T A BL E 1. Result of Bacteriological examinations of the vanous water supplies made between 
August 191 I and February 1912 . 

Name of Supply 
No. of 
times 

examined 

No. of C.Cs. in which Lactose 
fennenters were found Bacilli identified Class 

Ta Balclu ... ... ... 8 I e.e . 
5 e.c. 

20 e.c. 
25 e.e. 

three times · 
three times 
once 
once 

Laetis aerogenes 
Cloacae 
Coli communis 
Grunthal 
N eapolitanus 
Acidi laetici 

(2) 
(2) 

2 

3 
I 

3 
2 

2 

Hofl'iet-ir-Rizz .. . ... ... 5 0'5 c.c. 
[ e.c. 

twice 
three times 

No. 75 
No. 37 
Coli communis 
Grunthal 
Aeicli lactici 
Coscoroba 
Neapolitanus 

(3) 

? 
? 
I 

3 
2 

2 

2 

Misrah Suffara . .. ... ... I I I c.c. 
5 -:.C. 

10 c.c. 
25 c.c. 

100 c.c. 

six times 
once 
once 
twice 
once 

Lactis aerogenes 
Grunthal 
Cloacae 
Cascoroba 
N eapolitanus 
Acidi lactici 

(2) 

(3) 

(6) 

2 

3 
3 
2 

2 

2 

Bonua ... ... ... ... 8 0'1 e.c. 
5 c.c. 

10 c.c. 
25 c.c. 
So c.c. 

once 
once 
twice 
once 
three times 

No. 18 
Oxytosus perniciosus 
Lactis aerogenes 
No . J09 

? 
I 

2 
? 

Wiecl-il-Buzbiez ... ... 12 I c.c. 
5 e.c. 

10 e.c. 
20 e.e. 
50 e.c. 

six times 
once 
twice 
twice 
once 

Aeidi laetiei 
Grunthal 
No. IS 
Coscoroba 
Coli communis 

2 

3 
? 
2 

I 

Ta Cianti ... ... .. . 8 o · I e.e. 
0'5 c.e. 

[ e.e. 
5 c.c. 

once 
once 
five times 
once 

Coli communis 
Neapolitanus 
Grunthal 
Cloacae 
No. 79 
No. 101 

I 

2 

3 
3 
? 
? 

Ghain Kajjecl ... ... ... 5 20 c.c. 
25 c.c. 
50 e.c. 

once 
once 
three times 

Lactis aerogenes 
Grunthal (3) 

2 

3 

Ghain K lieb ... ... ... 8 1 e.c. 
5 c.c. 

10 c.c. 
65 c.c. 

once 
once 
three times 
three times 

No. 98 
No. 109 
No. 67 
Cloacae 

? 
? 
? 
3 

, 

Tat-Targia .. . ... ... 12 I c.c. 
5 c.c. 

10 c.c . 
2 5 c.c. 
65 c.c. 

once 
five times 
twice 
three times 
once 

Neapolitanus 
No. r09 
No. 36 
Grunthal 
Coli communis 
Cloacae 
Laetis aerogenes 
Coscoroba 

2 

? 
? 
3 
I 

3 
2 

2 

Ghemieri .. . . .. .. . 4 10 c.c . 
50 c.e. 
6 5 c.e. 

twice 
once 
once 

Neapolitanus 
Grunthal 

(2) 2 

3 
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TABLE I.-cont. 

No. of No. of C.Cs. in which Lactose 
Name of supply times 	 Bacilli idenUicd Classfermentcrs were found 

examine::! 

. 
Tas-Scnia ... " . 3 1 C.C. once 	 No. 67 ? 

··· 1 S c.c. twice 	 Lactis aerogenes 2 
?\o. 109 ? 
No.8 ? 
Coli communis 

Tas-Sala ... .. . ,. . 	 50 c.c. t\vice 

65 c.c. twice 


4 

Ta Rapa ... ... ... 	 50 c.c. twice4 
I (J c.c. once 
65 c.c. once 

Ghain-il-Cbira (Ci hir;,;h l'nti) ... 2 I c.c. twice 	 N eapolitanus 2 

Coli communis \ 


Grunthal 
 3 

... 5 c.c. once 	 Lactis aerot:;enesJral 'Iina il Cbica ... 3 2 


if) 10 Lc', t"vice Neapolitan us 2 

bJJ 

c 	 Grunthal 3·c 
0. 

rJl Tal Calcara .. , ... 5 c.('. twice 	 Coli com mun is I3 
3 c.e. once Grunthal 3 

Coscoroba 	 2I-tTal Hor ... ... ... 5 e.c. twice 	 Coseoroba 23 
20 e.c. once 	 Grunthal (2) 3 

Lunziata .. . .. , ... . .. 5 c.c. once 	 Coli communis 13 
35 c .c. once Coscoroba 2 

150 c.c. once l\'eapolitanus :3 

Fa\I'II'ara ... ... ... 	 10 c.c. brice Lactis ae rogenes 24 
50 c.c. t,,'ice 	 N cap01 itanus 2 

No. 66 ? 
Grunthal 3 

San Giorg ... ... ... I 4 5 c.c. once Lactis aerogenes 2 

10 c.c. once Coscoroba 2 


25 c.c. twice Grunthal 3 

No. 109 ? 

Acidi lactiei 2 


Rabat ... ... 2 5 c.C. tll'ice 	 Coli communis 1.. . ... 
IBur-n uhhala ... ... ... J- I e.c. twice Coscoroba 2 ! 

10 e.c. twice Coli comllmn is I 

20 c.c. once Acidi lactici 2 
Nearolitanus 2 
Lactis aerogenes 2 

S e.c. once Lactis aerogenes 2Tal Gnicn ta Ghain Iuffieha ... 3 

10 c.e. t,\'iee Cloacae 3 


Coli communis I 


~Iejjesa ... ... ... . .. 2 	 15 c.c. twice Cloacae 3 

Armier ... ... ... ... 5 I C.C. five times 	 Lactose aero!:!,C'ncs (4) 2 


Coli communis I 


Grunthal
, 3 
No. 07 ? 
Coscoroba 2 
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TABLE I -{Ollt.f 
Ko. of No. of C.Cs. in which Lactose 

Name of Supply times Bacilli identified Classfcrnwnters wcre found examined 
-

Wied-i \-Kbi r ... ... ... Sq I C.C . e ight times Lactis ae rogenes (4) 2 
5 c.c. twenty tim es Grunthal 3 

10 c.c. nin eteen times No. 6 7 I 

20 C.C. seventeen times No. 109 ? 
25 c.c. t en times Coscoroba 2 
50 c.c. nine times 

100 C.c. ~ i x times 

vVied-Isscuda ... ... ... 98 J c.c . fifteen times Grunthal 3 

5 c .c. seventeen times Coscoroba 2 


10 c.c. eleven ti mes Cloacae 
 3 
20 c.c. fourteen times No. 109 ? 
25 c.c. sixteen times No. ?74 
50 c.c. e ig hteen times No.8 ? 

100 c.c. seven times 

vVi g naco urt before treatment ... 5 ( 0'5 c.c. once Lactis aero"cnes 2
'" 

J C.C . six times Grunthal 3 
10 c.c. tIVeke times Acidi lactici 2 

5 C.c. thirty- two times 

~Santa Maria Tank ... ... 27 I c.c . twice Grunthal .,) 

5 c.c. twenty-five 

times 


Smaller Tanks after treatment ... 20 Absent in 100 C.C. 


TA BLE II. Re5l11 ts of Chemical Examinations made between August 191 I and February 19 I 2. 

l Parts per 100,000 

Ammonia Name (If supply As CaCOa 
Oxygen Oxidised Chlorine I Total solidsnbs0rbcd ~itl't.;gen ~.s 1\... . ~~ Cl. Tot;! 1 Perntancnt 1'cmpornry

Free I Albuminoid. h:lrdncss h 3 rdnc~s hardlleS$ 
- ---- I I 
Ta Balclu ... ... 0'0003 0 .002 0.006 0.05 9. 2 16·4 3 6·5 9·93 39 

Hofriet-ir-Rizz ... N il 0 .002 0.0006 0 .05 8 .0 14. 84 6.0 8.84 39 


... 0 ·13 8.0 39
t\Ii~rah-S u ffara 0 .0003 0 .002 . i I 14.06 6.0 8.06 

Bonua ... .. . j\il 0.001 Ni l 0 .06 8.8 14.06 5.8 S.26 39 

\ Vied-il- Buzbiez .. , Nil 0 .001 0.00018 0.12 14.06 5.S 8.26
7·4 32 

Ta Cianti . .. ... Nil 0 .00 1 0.00025 0 .24 10.S 19.60 7. 1 12.50 53 

Ghain Kajj ed ... Ni l 0.002 Nil 0.23 9. 0 17. 22 7. 8 9.42 43 

Ghain Klieb ... 0 .0003 0.002 Nil 0·13 8.2 [6 ·43 6·5 9 ·93 44 

Tat-Targ-ia . . . ... Nil 0.002 r\il 0 .23 8-4 15.63 6·5 9. 13 42 

Buzio'rilla .. . ... l'\ il 0.007 0.054 o . I 5 20.0 24·39 12.56 11.8 3 85 

Ghel·i exem ... ... ~il 0.007 0.060 0·45 35 .0 4 7. 02 25·3 5 21.6 7 ISO 

T a l Ghemieri ... 0.000 3 0.002 r\il 0. 12 t).o 13· 3 I 5·S 7.5 I 37 

Tas-Senia ... ... 0.0003 0.002 0.007 0.05 8.0 16·43 6·5 9·93 47 

Tas-Sala . .. ... Nil 0.002 1'\ il 0.03 8.0 14·06 5.8 8 .26 27 

Ta Rapa ... ... 1'\ iI 0.002 0.004 0.05 8.6 15·63 6·5 9·13 33 

Ghir~'henti ... ... j\il 0.002 0 .0006 0.04 8.2 16·43 7.0 9-43 4 2 

Mina Cbil·a . .. ... 1'\ i I 0 .003 0 .002 0.10 8· 4 18.04 7. 8 [0.24 42 

Calcara ... .. . Nil 0 .002 0.006 0 .10 8.8 18.04 7. 8 10.24 43 

Tal Iskof ... ... Nil 0 .OC·2 0.006 0.05 8 ·4 18.04 7. 8 10 .24 42 

Lunziata ... ... Nil 0.010 Nil 0.05 8.0 14. 84 6 .0 8.84 40 

Faw\\,ara ... . .. Nil 0 .0 [0 I\il 0 .03 9.6 16.43 6·5 9·93 40 

San Gio;·g ... .. . Nil 0.0005 0.00 1 0.012 8.6 14.84 6.0 8.84 35 

Rabat .. . ... 0 .002 0 .003 0 .018 0.10 11.4 18.8 1 9·S7 9.2 4 40 

Bur-nuhhala ... 0 .00 5 0.003 0.0 [ .') 0 .05 8.2 J 5.63 6·5 9. 1 3 42 


7·4 

t'< 

Tal Gnien ... ... Nil 0.002 0.00 1 0 .02 5 14.06 6 .0 8.06 28 
Armi er ... ... 0.005 0.002 0.010 O. I 5 36.0 26.00 17. 2 oS.80 120 
\Vied-il-Kb ir ... Nil 0.00 I 0.0003 0.60 16.0 22.02 7·8 14.22 64 
\Viecl-Isseuda ... 0.000 5 0 .002 0 .0002 0.05 13.6 2 I.Ig 8.86 12. I 3 59 

,~\iVignacourt Total ... 0.0003 0.001 0.0c06 0 .23 8. I [ 5.63 6·50 g. i 3 .,),) 

• 
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