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Some Notes on the G20logy of the gquaternary

- - -

Deposits of the "pianura padana” (plain of the River Po)
A A G A A TN A BT T P A AT - - - D . Dt W A A VO - S1

S -

with the results of hacteriologicsl and chenicsl
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examinations nf seventy notahle waters derived thavefrom,

The Origin and Hature of the Denosits,

At the end of the Pliocens period a great tongue shaped
Zulf rén westwards from the head of the present Adriatic,
bounded to the north and south by huge feoldings which had
ocecurred in Miocene times and led Lo the Tormation of the
Alns and Appennines, Torrential stvreans from the rvocently
elavated mountaine gpread far and wide th2lr debris over
the site of the present plain, To these accumulations weee:
added, #snecially on the Alpine side, but to a lesser extent
aleo on the Appennine, those of the glaciews flowing down
the valleys during the glacial neried and forming immense
mphitheatres across their exits on the plain, through
which flowed rivers in deen gorges, Eiamples of thesgo
are eeen on the course of the rivers Dora Riparia, Orco,

Dora Baltea, Ticine, Adda, Oglin, lincin, Adige, Piave and
Tagliamento, In the moraine surronndihg Ivrea the debris
is piled up to a height of 600 metres, The arc nf the
Garda moraines stretches for abrut IOO.kilometres.

In rany instances lakes ar2 enclosed by the mounds,destingc
in the course of the ages to bBe fTilled up and converted inte
marsheg and later into deposits of peat. The cones of the

torrentisl rivers and the moraines comprising this su% Alpine
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zone go to make up an irregulsar country, arid and stony,
and of but slight value fTor agriculture.

St113 further from the mountsins stretches & zone of
coarse sediments which apparently once covered the entire
plain commencing Trom the vegion of moraines and insinuating
itself between them. Like the previous zones it is due {o
denosits from the mountain torvents spreading far and wide
a thick layer of transnorted material on reaching wmore
level country, in which the momentum of the stireaus is
suddenly greatly diminished, Typically this formation
gives rise to plateaux (altipisni diluviali) coﬁposed of
the debrie of the glacial moraines mingled with alluvi=zl
sands and gravelﬂ)through which the present-day streams
have cut their way, and 1o whose marzins the plateaux slope
more or less sharply,

Theses vregions are known as "vaude" or "brughiere"
(brugo=erica) in Lombardy. Whilst a part of the material
betrays 1ts glacial origin +the greater porticn is composed
of sands and gravels, brought down by the vivers, with
pehble teds sometluss cemsnted to Torm conglomerate “ceppo',

The plateaux-tend to Dbe somawhat arid abd, heing difficult
to irrigate, ave in nparts steriie, in others utilized for
cultivation of the vine and the wulberry. Peculiar climatic
conditions have in places transTomed the soil to very
considerable depthe into a sandy clay of a red colour

"ferretto” related to the latevite of the tropics.
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At the same level the Alpine rocks are sometimes
affected while the moraines seem %o escape the damage.
While the lower plain is conposed mainly of deposits
of later date there still remain isolated masses of the more
sncient formation which have resistad denudation e.g. the
Hill of San Colombare, standing I30 m. above the plain
(144 above ses level).,, composed of hHlue clay and yellow
gand of the Pliocene capped by the deposits of the altipiano
diluvialé.
Nearer the Pb,in the plain proper ("zons bassa®),
the dgposits consist of finer materials and in the vicinity
of the Po and its tributaries there are alluvial forwations
laid down by the rivers, Thus the Italian geologists
recognise in the lower plain (“ZOna basrsa') =
2, "Alluviun" of nodern river system.
b, "Diluvium recente" - the older alluvial deposits.
aad in the higher plain (zona subalpina) of altipiano
diluviale =~

c. "Diluvium antlico" partly alluvial from river
fans, partly of glacial origin.

A “morenico” the glacisl morai-nesQ

As alresdy notad, the upperrplain by reason of the
coarse materisl of the soil of which it is compcsed tends
to be arid owing to rendy absorption of rainfall, - Thus
we find there accurs near the junction &f the diluvium
antico with the diluvium recente a line of smsprings,

"linea dei fontsnili" or "linea delle resorgive"

giving rise in parts to mawvrshes, In addition to the
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springs, water bearing strata are to be found very
near the surface, e.g. at Milan 2 to 4 m. and strata

yiedding a better quality of water at 7 and I4 ma

RAINFALL,

The most copious rains fall in October, There ave
on the average I06 dgys per annum on which rszin falls,
being considerably fewér‘than in Central HBurope
generslly. Rain tends to fall in shavp downpours rather
than in fine persistent showers, In summer there is some
rainfall one day out of three, Periods of drought are
rare, Snow is recoded usually nine days per annum
vetween the an4g éf October and the middle‘of April,
In some winters the plain is buried in snow to the depth
of several feet 8o that traffic is held up on the roads
and iailways, The winter is the.driest season, the
autumn the wettest as shown by the following table
from Fischer (I) ;-

Percentages of annual rainfall (in millimetves),

i
Winter, Spring. Summery Autumnd Yesr, i

Torino, 14.7 28.3. 31.6.] 27.3 789
¥ilano. 21,3 | 23.8 23,9 30.9 966,.5
Udine. 21.2 24,0 27,3 27,7 1384

Bologna. “18.4 20,1 26,7 | 31,8 536
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The area may be roughly divided into four regions of .
rainfall ;-
I. Central plain of Po (650 to 800 m.n.,) Tortona,
Voghera, Pavia, lMantova 644, Legnago, Bologha
859, Faenza 738,
2. A belt t§ north and one to south of the viver
including the northern slone of the Appenﬂines
(800 to I,000 m.a.) Torino 852, Cremona 304,
3. Approaching the southern elopé of the Alps
- (i,DOO to I,290 m.4a.) Milano I,035, Treviglio‘?.
4, Alps north of the plain (I,200 to 2437) Tolmezzo
(Carnic Alps) 2437.
The conditions therefore favour the supply of deep wellsof
artesian types the heavisst rainfall being atthe periphery.

of the basin.

'CONTQUR,_
The plain lies in a great trough with steep sides and is
roughly triangular in shape with the Alps to the north
and £he Appennines totthe south, wﬁile the bvase is formed
by the Adriatic. The Po between Turin and the eea may
be taken as occupying a nerpendlicular dropped from the

apex to the basgae,

A rige in sea level ov a subsidence of I00 to I59 metres
would practically restors the condition of the Pliocene time
by flooding the plain. The limiting slomes Trom the
mountains to th2 »nlain are vary steep and thence from noith

and south are very gentla to the Po,
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The plain from west to east also tends very gently
to the sea, the Po standing at 2I2 n. at Turinaﬁg_m,rgg
the confluence of the Adda.and 9 m. at Ostig;i%,above
sea level, Between Chivasso znd Piacenza the fall
of the river is approximately I in I,000, between the
latter City and the sea I in 2,000. Hence the Po carries
gravel as far as Piacenza, beyond that only sand and mud,
The volume of its Tlow varies enoraously, Trom 214 to
5,149 cubic metres per second and brings down 42,760,000
cubic metres off debris per annum. (B4i Pogsia) (2).
Its tributaries from the Alps’fed by the greater rainfall,
have been fhe means of nushing the line of the river in its
upper course much to the south of the mesial liae of the
valley, rastward it becowes mors central. The rainfall,
s we have seen, on the Appennines, is considerably less
than that on the Alps, the vivers are not fed by glaciers
and nave no lakes to egqualise their flow, hence although
thelir flow is at times very grest, inths dry season they
almost disappear, '

This great mase of sediment laid dewn since the close
of Tertiary times apparently rests on a foundation of
Pliocene deposits, of which an almost continuaue bhand dips
down sn the southem fringe of the plain, Detadhed
portions re-appear on the Alpine Dborder, thouzh the guater-
nary deposits in the north are boamked up 2gainst all the
formations Trom the Archaean to the Tertiary., Borings
' haverreached the Pliocene at Forli &0, Réggio at 90 m,

andVRQﬁenna I20 m., but apparantly the trough deepens to the



north as in the district betwsen Milan ahd Venice
it has not been reached at over 200 metres (Fischer).

WATH SUPPLY,

The plain 1s covared by a close network of
channels aﬁd ditches, which are important Tor irrigation
and drainage, but owing to their universal pollutisn
by washings from cultivated land and roade, and in
villagééjﬁheir uge ag washing places and receptacles
foé £ilth they must he 12Tt out of count as posasible
sources of potahle water supply. Wells drawing thelr
water from the subsoil must in general he looked uppn
- with suspicion, espscislly when sunk in the neighbour=
- hood of dwellings.

The rivers, some of which in the dry months almost
digappear and others,such a8 the Po in which the flow
is more or less abundant throughout the year, but
which contaiﬁ much suepended matter and are polluted
to a greater or lesser extent in the‘plainsto not
contribute to the solution of the problam,

There régains then for tha towne recourse fither
to long aqueducts bringing water <from the hilly
regions,or deep_weils.

For example, the town of Cremona stands at least
40 kilometres firom any possible hill eupply so that on

the ground of expense, recourse to deen borings appeareqd
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the only possible way out of the difficulty.

The first attempt wae made with the idea of obtaining

an Aartesian supply to obviate the necessity of pumping,

especially as sinilar attempts had met with success no

further away than Mantova, Though water was struck, it

did not rise to the surface and did not appear to be

plentiful, save near the surface. The project was then

abandoned for a time after boring 233 metres (Grasselli] (4).

Fresh borings later showed water at 40 and 100

metres, not rising to tﬁe‘surfacg;with an objectionahle

odour and‘taste)and of a turbid character, Finally

twelve trial borings cleared up the situation., It vas

found that there were four wain water beakdng strata,

and some minor ones of poor yield ;-

a,

bo )

c.

A superficial met with at 3 to 6 metres from
the surface, of good physical character bhut
apt to be polluted, -as in genaral it was

not protected by an impervious stratum,

A mediun,at 16 to 22 metres from surface,also
physically of good quality but apparentl}y not
protected, and from its chemical composition, pro-
bably related to the superficial water,

A deep,at about 40 metres from the surface,

2 m; above sea level, pnrotected at 26 to 29 m,
from surface by a bed of clay. This water rose
to within 4 metres of the surface, was chemically
and bacteriologicallypure but became turbid

on etanding. It contains iron to the extent

of «2 to .5 parts per 100,000, It has 8lso

a slight odour of hydrogen sulphide, Temp. I3.4°
to 13,60 Cent, :

A very deap,at I00 metres covered with IO metres
of clay. Tis does not become turhid as it cone
tains practically no iron but it smells and tastes
of hydrog=n sulphide, Temp. I4.6 to I4.8 Cent.
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Choice fell finally dn the 40-metre water as
it was found that by pumping to an elevated tank, from
which it was distributad in a fine spray to a lower one,
the sulphur gases pas??qioff into the atmosphere ( a very
distinct odour of H, § is felt on entering the hall
containing the purification plant).

The sameé process causes precipitation of the 1iron
salts and aevation of the water, while subsequent passage
through "Bollumann” filters of siliceuus sand rewmoves
the iron so efficiently that none is detectable in the
town supply by the ordinary tests. The present water
supply is derived from five wells sunk through the alluvium
on which the lower part of the town stands, the higher
vortions being on the "diluviuwm  recente”, After being
freed from iron 1t i3 pumwed to a high level cistern
for‘distribution. Froa the accompanying section
it will be seen that the soil through wﬁich the Tore
paéses is composed of alternating layers of sand, gravel
and c¢lay and a aimilar etructuré has been met with to
the greatzst depths reached.

Comparison of a sevias of sections compiled from the
results of fourteen bvorings by Augusto Stella (3) indicates
that these beds are not laild down horizontally but in a
lenticular fTohn. Hence the disposition ofthe beds

of coarse sand and fine or coarse gravel in which water



.....

is found are struck ét varying distances above or
below sea level, Constantly, however, water is struck
at 20 to 30 metres above sea level, as a rule in saﬂd
or gravel, but in few cases is a layer of clay met
with in reaching it, hence it is unsuitable as a
swpplylpresumably being sudject to admixture with the .
ground water,
Between 10 m, above and 20 m. velow 82a level there

is also coustantly reached the bed of water bearing
gravel ot coarse sand from which the Cremona supply
ig drawn, and in every cas2 a ved of clay has been pierced
in drilling to it. |

Three wells strike another water bearing bed at
depthe of 40 to 60 under sea level, while one has reached

water again at JOO netres,

WATURZI of SUB=-SQIL.

Sand is the <hiaf componént of the sub=soil with
lenticular masses of gravel and clay, and ‘these 5eposits‘
are net with to the greatest depth so far reached in the
Cremona region, 233 metres,

The sole differsnce passing from surface to the depths,
is that the yellow colour of the sand after the fivet
water beariﬁg stratum has D2en traversed hecouwes greyish
or greyish green. Watar percolating from the surfsce

has been gradually deprivad of its atmospheric gasses and
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loses its oxidising power, hance the difference in the
deeply buried sediments,
The sand is of varied orxigin butl largely :couposed

2.
of quariz with wore or 1less mica and calcarous

J

material, Calcium carbonate 413 at a minimmum in
the coarse sand, while the percentage rises in the
finer tc a maximw:s in he wmore clayey sands.
__‘."l)nfvff;zw?-f .
The clzy is usually sandy and only exceptlonally ,
. ral .

a8 in the layer I0 to 20 metres above sea lav=1l, is
it e¢lay in a strict sense, Speakiung gemerally it is
calcareous  clay or mArl,

The gravels,especially the fine, contain a fair

zamount of calcareousinaterial with occasional pebhles

and greenish concretions of this nature, At 311 denths

the gravels and pebbles indicate by their appearsice
derivaﬁion from pre-alpine and interalpine regions |
{basins of Oglio and Adda) and consist of quariz,
gnelss, mica schists, tonalita and seépentine, while
the secondary‘rocks ara represented by limestone
pabbles, variegated schisis, sandsiones and flints,
Traces of vegétablé feﬁains are occasionally nmet

with indicating 0ld 1lake deposits and peat formation,

e D
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PHYSICAL CHARACTZRS QR WATTARS,

As a whole the waters axamined were of excellent

quality, clear, colourless and bright, Withouw?odour
o b /ia' e
or taate and neutral or slightly alkaline,

”~

BACTERIOLOGICAL BXALINATIONS, METHODS USAD,

The voutine carried out in each instance was the
estimation of the nuaber of organisms per c.c. of water
developing on agatr plates in 24 houvrs at 37°% C. and
on gelatine in 3 days at 200 C. For Bacillus coli,
tubes of MacConkey's bile salt lactose neutral red
neptone water were inoculated with the water, The
quantities used were %5 c.¢c. I c.c., 3 c.c,, I0 c.c.,
I0 c.c., 10 c.c., 64 c.c., Any tube shewing fermentative
dhange‘was cet aside, the organisms sub-cualtured and
their reaction§mores fully investigated. Zach lactose~
fementing Qrganism 7Ta8 2xanined as to ;e

‘a, Motility. u
b. Liquefaction of gelatine,
Csa Femmentatlion of glucosea lactose, saccharose,
mannite and dulclte
d. Changes in litnus m11< after I, 2 and IS5 days.
e, Formation of indol.
The so callad Bgnteritidisﬂchange in milk was investigated
by adding quantities of IQ, I00 and 250 c.c . to whale
milk heating to 80o Ce Tor I0 minutes and incubating for
one to three §ays. The organism was not confirmed

by further tests, e.g. animal inoculation,

RPN <
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CHEMICAL EXAMTIATIONS, [ATHODS FMPLOYED,

Thresh's "Examination of Waters and Water Supplies”

a8 taken as a hasls and ralection made of processes

as undervr

a,’

[+

e
h.
i.

Nitrites - naphthylamine (Ilosvay's Test)
colorimetric estimation.

Nitrates - phenol-sulphonic acid and caustic
potash - colorimetric estimationk

Aimionia - Wanklyan's test,

enlorine. Silver nitrate and notassiua chrombte.

Total s2lids dried at 1I86° C. for one hours.

Metals as given by Thresh,

Oxygen absorhed Trom acid permangsnate, Tidy-
Forchaaner process, S hours at 372 C in dark,

Hardness, Soap test,

Saline constituents following Thresh's method
for calcim and magnesiuwa, scdium heing
eatinmated by difference, =s thero appeared to ke
no other bvases, save ivon,in amounts capable

of estimation in any of the watepr emamined,
CarBonates and Sulphates as given on pages 336 -
340 (Thresh) second edition,

The combination of acids and basee to Torm salts

-were calculated fraa Tactors - pages 345. .

Total solids less ealts calculated gavs

#3ilica etc”,
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RESULTS OF ANWALY3IS OF TOWN SUPPLIIS,

The source was usually a desp vell, but two cases
require speaial mentlona The Veneria supply to Turin
1€ from a filtering gallery more or less horizontal,
driven so a8 to intercept the subterranean flow of
water from the mountains, The Faenza is from a spring
encountered in boring a vailway tunnel and had beeﬂ
chlorinated pvior to analyvsis,

The CremonAa water samplas had been deprived of their
iron Ey aeration and Tiltration prior to the chemical
examination,

Bacteriologically the waters are of "‘good character,

all giving a low cowlt on agar and only one, Treviglio

having a high count on gelatine. Lactose farmentere were

detected but once in a siungle sample Trom the Sangone
supply at Rurin, Further exaaination identified the
organism with B. fluorescens,

‘Bs enteritidis sporogenes was never Tound although
in most instances litres of water were tested in the

course of succeszive a2xaminations.

CHEMICAL COXNSTITUEITS.

Witrogen as aitrites snd nltrates  was usually low,

in only one instance exceeding .I per 100,000 in the case
of the Voghera well in which .4 was found, Though
possibly Jue to admixture with sub-soil water, this

being apnarently coniirmed by the high chlorine 2.07.
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- no corroboration is obtained from the ammonia and
oxygen-comsumed figures,6 and even the high chlorine

is explicable ae we sha}l see later. The nitrites

are probably due to reducing agents ¢ ferrﬁginoua sands,
Amonia (Saline). ©Practicslly none was found except in the

Treviglio and Mantova samples, The former ,005

;Qs agsociated with ,0I0 albuminoid and moderate chlorine
052 while the bacterial count 256 was high, The low
nitrate figure, taken in conjunction with the Cremona

end Mantova figures ,05 for Cremona where no saline
emmonia is found, and .002 for Mantova,would appear to
negative any coneiderable pollution,

' The saline ammonia .054 is noteworthy in Mantova samples,
snd is associated with an average amount of albuminoid
ammonia and 18w chlorine, while nitrates have reached

the vanishing point. It would therefore seem feasible

to assume the presence of an agent (poesibly a ferru~
ginous eand) reducing nitrates to ammonia, In confirmation,
we ought to note that sonmetimes a faint trace of nitrite

ie found and occaeionally a trace of iron,

The albuminoid ammonia is variable in the series and
may ﬁe related to deposits of vegetable debris,which, as
we have alteady notided, are brought to 1ight in borings.
Chlorine a8 befits strata 1laid down by fresh water

éctiono is low throughout, Most samples fall below I
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a figure rarely reached in analyses of British waters.
The series indicates that the amount increases from

e minimum in the Weset at Turin (.4 only) as we fddlow

the slope of the river plain to the easts,  The soil

from which the Turin supnlies are derived is largely

conpoged of detritus from the more ancient rocks,

largely metamorphic, poor in chlorides, As the edges

of the great basin are approachad the saline contents

of the waters rise markedly, since the tertisry (pliocene,

miocene and eocene) fringing depnsits. yield saltse

freely, being ancient marine deposits, Chlorine reaches

2,07 at Voghera and 1,30 at Bologna,

Total Solidé are very low in the higher reaches,

the waters derived from the harder metamorphic rocks

(Turin) average 8, while those nearer the periphery (Voghera)
average 34 probably due to the greater solubility of the
adjoining tertiary fomation,.

Oxygen absorbed - the: series gives an extremely

low average figure ranging from nil to ,038 at Cremona
and .032 at Mantova, part of which is due to reducing
power of inorganic constituents, iron etc.

Hardness (Soap Test.) Total varies from 6 to 2I.

Here also the waters from the upper reaches are softer
than those from the periphery, or nearer the sea, obe
viously less csrbonste of lime has been avzilable in
the neighbourhood of the harder rocks. The deep well

et Cremona supvnlies the highest figurgjprdbably due



to the long journey which the water has taken through
devosite more or less rvich in calcium,

SALINE COWSTITUANTS. The anocunt of calcium carbonste

varies but slightly around the figure 10, being lowest in
upper part of the river basin, while magnesium carbonsate
varies from nil to nearly &6 the maximum,again Leing to=
wards the periphery of basin and in lower reachee of the
river, Sodiun carbonate is present in most of the waters
except at Voghera and Bologna both on the Appennine horder
of the basin, in which walers liagnesium sulnhate appears,

% salt néﬁfound elsewheresave al Faenza also bordering on
the Appennines, A Tairly High sodium sulphate figure is
given by the Voghera samples I4.20 and 8.8I, this {too being
moet readily explainad by the near presence of tertiary
mavrine deposits. Sulphates of magnesiwn and sodium are
frequently found in the waters from the tertiary fovmations
in England,

SOPIUM CHLORIDE. The remarks made regarding the presence

of chlorine apply to this sslt also .




(See annended Tables of
13. Analysgs).

Shallow Wells of Tortona District,

These are sunk in the alluﬁial deposits of the plain
with the exception of eight located on the hilly ground
to the south, bordering on the tertiary fomations,
Bacterialogically‘the bucket wells show considersble
pollution, this method of drawinz water leading to Touling
of the well from éontamination of buckets. For example
the B. enteritidis enorogenes change was glven by two
samples, one from theplain and one from- the hill, an old
bucket well (No.I5) and a well at Villa Fiorita (No.I9),
probably due to introduction of s0il plecked up by bucket
from the gound surface. The other findings supnort
pollutioﬁrin first instance, while the second water compsares
fa\fdurably with the other hill watevs. The pump at Villa
Codevills (No.I7) (B.Coli sbsent in IO0 c.c., B.enteritidis
eporogenes dbsent in 360 c.c.),which appeared well protected ,
gave the most Tavourable results of the series,

Two public fountains were also available for examination
one new (Wo.24) and one o0ld (No.25), both presumably
fed by eprings. It is worthy of mote that while examdnation
of the new auppiy-SI.B.IB, ghowed 1a§tose fem=enters present
though no typical B. Celi,(a suspicious result.), a later
test demﬁnstréted Bs Coli in 5 ¢.c¢. and the increase in
albuminoid ammonia and chlorine in the second sample suprlied
confimmation of pos3sible access of pollutad water to this
supply, which in consequence could 70t be considered a

salisfactory one.
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Nitrites were denonstrated in some of the
obviously polluted wells, and the nitrates figures
were generally high,reaching 2.08 in well No.zlf
T™e high nitrate figure was usually accompanied by
nigh chlorine, the highest Tiguve for chlorine, 7.50,
being given by the same well, One sample Trom

supnly No. & gave the lowest nitrate.Oaéu and
another also the lowest chlorine .35, an. amount
comparable with that found on examination oT the

of the deep well wati=rs praviously discussed,

All the saaples ware renarkably Tree from saline

agmonia. On the contrary the albuminoid ran as
high as ,038. The character varied from slightly
hard, No. I7, to very hard Ho.22,

_.Calcium carbonate variad from 9.25 to 39.05,
all contained magnesium carbonate I.93 to 10.38, many
also magnesium sulphate up to IS,8I. and sodium sulphate
w to 28,41I.

The three samplea analysed from two wells at
Rivalta Scrivia damongtrate the improvement in the
chemical quality of water produced by a well in use
for a time*

The new well sk in apen country giveé ruch
superior vesults in the second analysis 1o those given
by the Casone well stamdlng amidst fam buildings and

probably recelving wueh soakage Trom manurial collections,
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witness dgbe high amnonia (galine and al’ou_minoid)f

though the chlorine figuras vaffords no confimatioh.

| Although the wells avre distant only a t‘vew miles
from Tortonz, the magnesium salts present in the Tdrtona
waters ars here absent and the sulphates have almost
reached the vanishiag pnaint.

There is a possible eicp.‘ntanﬂ?_o_q_@ his in the
fact that the deposite in which the welle are sunk are
composed of debris brought down frama the mountaine
by the viver Scrivia and hence are more 'closely related
to those in which the deep wells of the towns in the
centre of the basin of the Po ave sumk,for, .as we have
seen except at the pariphary, magnesiwa salte are |

scanty snd sulphates are vars,

PO -
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VOGH®RA W aiLL S,

Bacterioiogically thege sfand out pre~eminently
from the point of view of B, enteritidis sporogenes, this
organism having been faund in threse out of four tests.
No. SI gives a good all-round result, notably absance
~of B. Coli, while No. 30 shows the bacillus present in
30 c.c. 8bsent in smaller amounts.

The high sodium sulohate figures 17,6 and 20.9
should be compared with 3,81 and I4.29 given by
Voghera deep well waters, already noted as the highest
sulphate figures (whether sodium alone or éodium plus
magnesium) of sll the town supplies.

Also interesting for the inter-relationship of

low nitrate and high saline amuonia and vice versa

are the results obteinad - >
agcending sevies
f Witric nitrogen .08 W11 o2 33
( Saline Ammonia. ‘ .021 .003 2001, f5ind trace

) Jescendingseries,
- '_» P —— e m——— /
Well No. 28 appears to be daviving water fwemthe

ground surface, It was sunk in the midst of & cavalry
barracks, The amnonia and chlorineg Tigures are unsate
- iefactory. The poseribility of the albuminoid ammonia

being derived Iargely from vegetable sourcee is raisej

in the case of the Bidella well No. 29, Tor saline
gmumonia and chlorine are relatively iow, Tne bhacterio-

logical results, however, are Dad.
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The water from No 3I is a very hard one, 36 by
soap test, yét Tor a well sunk in the middle of a town

it gives véry gnod results,
PIANWIZILLO Sources of Supplya

his district in on the Appenanine fringe to the
238t of Voghera, ‘The old bucket well No 32 at Rocca q'
Olgisio had been out of use for a.considerable tine
and wag examined to find if it was likely to prove a
suitable source of supplye At this time ( end of lay)
the water was very low,and the fTindings unsatisfactory

vacteriologicdl standpoints,

Lo

from both chemical

W

) 91

@D

FOn the contrary the two springe ylelded a plentiful
and pure supply. ~ The content of sodium chloride .74

ig very low, dbut is comparadle ggt%hose obtsined in sowe
instances where wells sunk in alluvial debris, presumably
~washed almost Saltmfree'p?ibr to deposition, gave very
similar results. It will be recollected -that certain

of the town Bupplies from deep wells and'presumably pure

gave low figures = Turin .66, Pavia .77, Mantova .75,
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PAVIA_ (City).

- !

No. 35 was sxamined four times during the year/and
it will.ﬁe noticed that while the last two exsminations,
Sovember and December, closely agreed, there were several
diffevrencagin céftain of tha figures as compared 'vith
April and Augﬁét results, which werve markedly wovrss
Tacteriologically and chemically. Chlorine ‘scarcely
varied, the water rich in organic matter (albuminoid
ammonia .033) in April and poor ia anitrate (,008) because
poor in albwaineid awmonia =aad vich in nitrate in August;
Jater no trace of nitrate was'found, and the aldbuminoid
ammonia increased. We may suppose this to vYe dus to the
spring rsin rapidly penetrating the.dyy s0il and Yringing
down decomposable matecial vrapidlv acted on by bacteria
wder faﬁourable temperature conditions, During surinier
awing to heat and luxuriant vegetation accesgs cf water
would be partially cut off with consequent improvenent
in the water shut up in the depths,

A éimiliarrimprafement in character is sean in the
April énd Septenhar examinations of Wo.36 the nump at
the Qbservatory, The Via Magenta wateri(Ho.Bv) is
very éﬁépicious from the bacteriologicsl point of view
(lactose Temaenters in I c.c.) confirmed by high nitrate,
presence of saliﬁe amnonia, high albuminoid aummonia,

and very high chlorine compared with other wells,

B
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The oxygen consumad figure is higher than in any others
of same series,

No, 48 satisfTies all the requirements of a good
potable water,

The chemical characters of water from the spring

No. 39'are good, but as it bubbles up into a natural basin
it was not possible to take aatisfactory samples for
vacteriological tests. It 18 not therafore certain
that B. Coli 1ls present in the spring water or whether
its presence is Jduz to contamination of the basin,
Magnesiuﬁ as carbonate was dedectad in all the waters,and in
Yo 37.the_sulphate was also Tound. The average total
\gﬁiiﬁfqékﬁgﬁéﬁgiﬂﬁﬂéj sulphate content was notably less
ﬂh&n‘zn Voghera, Pianellec and Tortona waters, as one .
ﬁould expect Trom the more contral positi&n of Pavig
‘end its proximity to the vrivers Ticino and Po.

Comparison with the deep well water shows a pretty
close relationship and would 1lead one to infer that the
two are derived from the same.suurce,possibly largely
from soskage from the river beds in the case of the

deeper wells,




25,

TREVIGLIO _ and _ CRESCENZAGO,

Here we approach the Alpine bordaer of the
Po bssin,

Supplies 40 and 4I give a good contrast between
a properly protected pumped well and an open bucket

well sunk within a short distance of one another,

No. 40 except for slightly high total &
out satisfactorily, No. 41 15 nanifestly nolluted,

No. 42 is rather suspicious,B. Coli found once,
onlyllactose fermentere not B. Coli in second instance
eix weeks later. This ies a good instance of the
neceeéity of suspecting pollution in wells where.

B, Coli ie not found, anly lactoss fermenters, none
of which give the classical B. Colil reaction,

It 1s'wofthy of notice that later in the
geason ﬁhe well givee less albuminoid ammonia, less
chlorine and a rather #igre favourable bacteriological
finding (no definite 3B Corli).

Sulphates are scanty or sbs=nt a marked diffarence
fron condition found on opposite or Appenﬁine
“side, of the basin, and I think explicable by the

T tive paucity of tertiary marine deposits,




26.

CREMONA (City =nd District).

All six wells shewed sbsence of B, ent. sporogenes
in 560 c.c, Fo. 44 and Wo. 46 of B. Coli alsol in
10V c.c.

‘Wnile the bacteriological results in To. 43

i)

w2uld ke clas

i

ed as fair, the chemical results shew
that the water was siuply thowroughly f 1ltered eewage
8 striking testimony_to the afficacy of some soils 595
filtering medié. The two wells ~in:Via Castelleone
were betier. dore open country 1s veached =t Tevrrs
Anate, the firzt well is passakle whilé the seCuﬁd,
with its,48,é00 count 21 gelatinz and ite IL2E for

chlorine, compared with .34 for the neighbouring osne

is rot so,
The bucket w3ll gitands condemned for dame reasons.,
The presence of nitrgie is to e commented on

28 is.also the abssnce of =itvrates in Ho.44.

The . undernoted coupsarison is of interest,
: Aversgze Tigures,

Crenona deen wall, i Cremona shallow wells,
el Carronete, I7.32 20.45
nesium Cavihorete. 4.97 4,39
SOQ‘&J Cavhanate, 7.36 7.61
Sodium Sulnhaue. .93 2450
Sodiwg Chloride .87 ’ I.82
Sodium mltraﬁe. - .61

" Note (I) C r>re approximation of sarbonate figure but -

Note (2) that the pebbles met with in deep bore as we have

geen indicated aB Alnine rather than Appenine orvigin
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for deeply buried sedimenta. A The lower figures
for sodium sulphate and chloride 1n the degp

'well water support this viﬁw.
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DISTRICT HAST _of _ CREMONA,

-Removed Tror the immediste vicinity of the Do
or any of its great trivutaries, the results obtained

)

may be taken as tynical For wells sunk ir the "diluviun
recente”, '
The water Tfrom the first well examinediﬂo.49, had
causad an outbraakx of diarvhosa, Investigation showed
that sewage had gained access to it freely. This was
confirmed by the bacteriological and chemical exmiinations,

£

Well Ho. 50 was oxamined on Tour occasions, It
was remarkable for the abasence cof nitrates, for the
presence of iron and on on2 occasion for odour of H, 8.
Compare with Cremona dgsp wa2ll water,

A fact previsusly brouznt out 1s again noticedble,
the seasonable lmprovenent in the charactér of the
watervr, Compare resulis liay and December, The latter
‘resulis would ha accented as proving that the well
supnlied a safe drinkinngater, &et the nreviouns
analyses make thig very dountTil indeed ., 7

The rvesults of W2, BI arve unsatisfacipry, tha
chlorine Tigure 2,75, and ammonisas are high, aad 1t
is a4 very hard water, Bacteriologically Noe 52
ig good and chlorine is 1ow, but the water is opalescent
from the preseance of irvomn, Poasivly the Saline

agpmédnia is due to reduction of nitrates by iron salts,
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Compare with Mantova deep well water which sometimes
containe faint traces of nitrites, traces of nitrates
_and sometimes traces of iron,

No. 53 is a very good example of chemical resulte
improving later in the year but curiously B, Coli
pregent in 20 c.c. in February, is found in I c.c.
in October, Torre de Picenardl wells may be briefly

mentioned, The first, No. 54, obviously receives

sewage asoakings. ¥Yo. 55 is better and apparently ground

filtration is effective (No B.Coli) while the third,
fairly éood chemically (but without nitrates),is
bacteriologically the worst,

San Lorengo (No 58) gives a very high chloride,
not readily explicable when one compares it with San
Lorenzo No. 57 which is much worse from the péint of
" view of ammonia snd yet gives only .80,

The high nitrates is worthy of notice inthe

" 'Sen Giovanni sasmple No 59, -
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MANTQVA  WELLS,

The results of analysis of No, 80 are @bviously
good, As in some other wells nitrates are praciically
absent,

The high free ammonia, moderate albuminoid ammonia,
traces only of nitrates, low chloride and trace of
iron of No. 6I, suggest comparison with the deep well
gupplya The presence of iron and hydrogen sulphide alsd
remind ue of the Cremona deep well water and of No,50
at Cicognoleo, These findings are charscteristic of
the Cremona- antova region,

Notable points as regards new well No, 82 are
the small amouht of nitrate, high saline ammonia,
snd relatively small albuminoid, also presence of
iron, all true to the Mantova type, Compared with
other Mantova waters, the chloride figure 1ie
extremely high, and the other figures also suggest &
comparison with No. 5I Cicognolo which hagd a higb |
free and moderate albuminoid ammonia together with
for Cicognoloe a high chlorine 2,72, and a high
sulphate 9,25, The relationship to waters from the
southern tertiary fringe of the basin is strong,and at
least three possibilities may be advanced.

(a) The wells have been sunk in the beds of former
streams which carried debris from the southem
tertiary slopes or from patches of the tertiary

depoéits of the Alps,

\
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= in the

(b) That thare are islets of teriiary Jepcsit
midst of guaternary dennsits alwost realhing *the
but net as in the casse of the 1ill of

San Colaomkano to the east of Paviz, whizh Dbrings

to 1light <hs blue clay and yellow sand of the
Pliocene, emerging Trom the post tertiary mantlea
Furither ezst V27> arz &lso visible the tertiary
volcanoes of Ilfonte Bericli and Monte Tuganei near
Padova..

(e) . At certain pcints waters way Tlow upwards from great

gt depths owing to defacts 1a the impervious ztvaisw,

| in the manner of the artesian wells, but not
sufficiently high io veach the surfacs. One might ;
thug strike in shallow wells accwrulations of
watér part of which had come from great depthe

.. comparatively near theﬁﬁertiary_depo%ita,_a@d ia

;conagquenge;rich,in,cblorides and eulphates,

‘I have no<iidata to help in solving the problem of

' their origin..
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LEGNAGO. WHLLS,

This town being situated on the Adige.the wells
are éuﬁk in alluvial deposits, the sands of which
evidently formra very efficiént fiitering medium,
a8 witness the excellent bacteriological results.

In one sample only were nitrates detected and in
enother irvon, The high saline ammonia suggests
comparison Wiih ﬁantovaAwatars'and the high albuminoid
the presence of peaty deposits, for the chlorine figures
are very-ldw 2 to 4. The only comparéble figures
. are the furin, Pavia and Mantova deép wells presunably
free from pollution. As befits $he distance from any
tertiary deposits;thd total sulphates are low,

he wsters are all soft and contain very 1ittleﬁw%m3{
matter in solution, aversge only I4 parts per 100,000,
a figure slightly less than that for Pavia deep well
water and only suypassed by the Turin ssmples 9.41
and 7.9, The soil is evidently m=inly siliceousr
witﬁ little soluble material, prcbabiy largely derived

from the more ancient rocks of the Alps,
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FAENZ A WELLS .

Bacteriologically all ehow evidence of pollution, one,

Yo.68, yielding B, enteritidis sporogenes Traces of
Nitrite are frequent in these waters and No, 67

shows marked variations in nitrate figure from nil
to .41 | o

Wells 68 and 69 eunk in the plain near the river
Lamone presumably are sunk in rviver alluvium and
give comparatively low figures for chlorides and
sulphates, while Nos, 67 and 70 towards the south and
adjoining pliocene deposits show high chlorides
sodium and magneeiuhx, and in the latter total sulphates
calcium and magnesium ancunting to 35.85 parte per

100,000 and thus showing a close relationship with the

Tortona and Voghera waters.
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MAGNESIUM SALTS, SULPHATES,
Faenza 11.85  Voghera  12.88
To#tona 8,62  Tortona I2,33
Cicognolo 7.55 Pianell§ 7.57
Mantova 6.77 ‘Bologna 7.07
Treviglio 6.45 Faenza 6,38
Voghera 6.35 Cicognolo 3,89
Pianello - 5,66 Crenmona 3.26
Bologna 7 5,49 Legnago 2,64
Cremona 4.47 Pwvia 2.40
Pavia | 4,33 | ’nanﬁova ‘ 2,06
Crescenzago I.74 Creecenzago 1,18
Milan 1.58 Rivalta Sc. .e94
Legnago .89  Milan .76
Turin .64  Treviglio .00
Rivalta Scrivia ,00 Turin .00

cowgOue—

CHLORIDIS,

Faenza  5.91I
Tottona 5.80
Cicognolo 3.27
Mantova 2,98
Voghera 2,94
Pianello 2.65

Crescenzago I.59

Cremona I.51I
Bologna I.44
Rivalta Sc.I1.37
Treviglio 1I1.34

Pavia I.20
Milan I1.04
Turin .66
legnago .53
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CONCLUSBION,

The teking of aversge figures for the various

districte yilelds some suggestive results,

(a) SULPHATES, sodium, msgnesium and calciun.

(v)

The graph shews at the summit the Voghera and

To#tona districts which are in close relationship

to the Appennine tertiary deposits,

It falle through Pianello, Rologna and Faenza, slso

on the fringe of the deposite, and after a decided

diop to Cicognolo, Cremona, Legnagoo Pavia and ¥antova in
the more eentral region of the plain, diminishes still
further a8 the Alpine regions are approached,at
Crescenzago, Milan and Treviglio, to a minimum st

Turin,

CHLORIDES., ¥hile the curve differs to some extent

from that for sulphates, the maximum sgain falls from
the Appennine fringe represented by Faenza ahd

Tos#tona, through Clcognolo, Mantova, Voghera and
Pianello in a rapid descent, ﬁntil at Crescenzago

a fairlj flat‘porticn is reached in which are placed
Cremona and Pavia the central towns of the plain, while
a mikimum 18 reached at Milan, Turin and Legnago,

Again the Alpine border is characterised by low figures.
The position of Legnago in the middle of‘gplphate series,

while placed at the bottom of the chloride dessrves

notice, The pauecity of chlorides is due to the distance
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of the town from marine fonnaﬁions, while the comparative
excess of sulphates may be due td the neighbouring
Huganean aﬁd RBerician hillgwhich are extinect tertiary
volcanoes,

Sulphur depésits are common in the regions characterised
by volcanic activity, hence the district of Legnago is in
this respect somewhat comparable to the strip of country
lpying at the foot of the Appennines, for in these mountaine
are hot springse, wud volcanoes and other evidences of
volcanic activity,

MAGNESIUM SALTS. Again the position of the various

supplies is fairly constant when thie is compared with
the previoue curves, In fact, comparison of the magnesium
and chloride curvee shows that the four higheét and the
threeh lowest in both practically correspond, and that
sgain there 1is a gradual descent from high figures on
the Appennine to low figures on the Alrine fringe of
the Eaein. |

A éleav relationship is thus shewn to exist between the
geologicallnature of the so0il and the watere derived therefrém.
The waters from the south of the basin obviously demonstrate
their origin from old ma?ine depositg,and the amount of
magneeium galts, sulphates and chlorides are readily seen
to vary inversely with the distance of the source ffom the
Appennine or southern Tertiary boundary of the river basin,
As we have zlready seen, deposits of Tertiary formations
are rerely exposed on the northern br Alpine fringe, and

they appnear to be deeply buried bensath great masses of

=
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Material 1laid down in Quaternary times,

We ﬁave glready seen that boririgs f’a:lled to reach thenm

at 200 metree in the region batwaeen iUllan and Venice,
There appears to be a possihility that by careful

collection of data something carresponding to "isochlors”

could be mapped out, though in this case distance from

marine influence can be itraced by sulphates and magnesium

8sltes as well as by chlorides,

The saline charactertstics of waters clearly originating
from the tertiary fringe of Pliocen2 or Miocene formation,
approximate more closgely to those of the Lower London
Tertiaries, as given hy Thresh, thén_to those of English
waters Trom the Pliocene Crags, Upper Zocene, Barton and
Bagshota sands which are le28s markedly nmarine in origin .
See results given by Thresh -imxmnination of Watees and
Water Supplies - pagey 457 -~ 4460.

Unfortunately war conditions offaered neither time nor
opportunity for the taking of a really adequate number of
observations, and this paper in conseguence is bhut a dis-
Jointed and imperfect contribution to the work hitherto

done on Geology in velation to water supplies,
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RESULTS OF BACTERIOLOGICAL

and CHEMICAL
EXAMINATIONS OF WATER
SUPPLIRS,
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TOWN S UPPLTU S. LEZ3P N ELLS, Averages from repeated
o g 2 nations; “
I. #__ ke ) -
Bacteriological. 1 Turin. Turin, 1 1ITTan. Pavia. vognera.l 6. 7 — 2 9. Y - .- ..
Vbfeteers Treviglio. Cremona, 1 Mantova. Bologna. Paenza.
Venaria. Sangone. m .
1 Mo-ntagnia.
m 1o Linmmmr B _ ’
12 3 3 5 4 4 2
th of Co3 6nies i*&.r 24 hrs. at 37"* C» 4 14 7 S ;
i ° . 13 2 I 28 8 21
Gelatine 3 days at 20° C 8 256 8 14 5 .,
Absent in Absent in Abs erit 1y Absent m ; Absent in Absent m Absent m Absent in Absent in Absent in Absent in
B. Coli* 100 c.c. 100 cse. 100 G»G~G .100 c.c ( 100 c.c. 100 c.c* 100 c.c. 100 c.c. I00 fc.c. 100 c.cl1 100 c.c,
) Absent in Absent in Absent in Absent in Absent m -Absent in Absent in Absent in Absent in Absent in Absent in
B« Enteritidis Sporogenes. 060 c.c. 100 c.c. o000 c.c. o050 c.c. 360 c.c. 360 c.c. 360 c.c. 360 c.c. 360 c.c. 36Q ctc.
Chemical. (in parts per 100,000). Sometimes . Sometimes Sernatimes
Nitrous nitrogen. - - minute o 4 - a faint - a faint
_—— trace. trace. —-t£.*CL* -
fitric Nit rogen. .06 *1 oi *4 /08 -012 .05 ,002 *04. .003
. L]
ialin€ Ammoniae * % «001 ! 9 .005 ¥ . 054 m
Slbuminoid Ammonia. .003 .006 .004 .006 ,003 -006 .010 ,004 .0il L ... %009% . —e3...
!
IHorine «s Chlorides¥* .43 .40 &g *45 2.07 I.II 459 j .64 -45 1,30 .87
lital solids dried at 180° cC. 9.41 7.9 16,9 15,06 33%3 35.00 21.50 34,08 25.92 25,50 27.12
_ i 44 Boraetiiaes
i _ - ; -
[etalg, Iron, Coppert Lead . . e a trace of iron.
Ixygen absorbed from permanganate
3 boe ap ap Do end 005 . .003 017 013 .Co ,008 ,038 ,032 ,01 .004
Clear, briglit Slightly opal
i . do . do. Bscent deposit
hrical Characters. colourless do . joesifty Clear. Clear. Clear. Clear, Clear, Clear.
Hardness Total. o (] <« ... 12 18 30 r )) I 21 17 18 16
iSK'
licp test. Permanent. 3 3 1 . 3 8 ” *A e 5 5 6 3 5
op> t.estr 'Eerrcoorarv. 3 I 3 .. ’ 9 .. 10 r 13 . _m 9 16 II 5 IT
|
jlalcium Carbonate. 3.12 2.87 9,60 9.10 10,67 I2.Q5 9. 50 17,82 11.66 11.25 10. 39
Isgnesium Carbonate. 1.29 3.16 3.47 2.71 4.70 5.88 e 4.97 5.67 4. 50 5.70
podium Carbonate! 3.94 2.22 1.19 1.06 iF 4.53 7,86 6.99 3.21
Magnesium Sulphate. P - - 4,23 -m = - B 99 I.59
Indium Sulphate. o ,76 [ 8,31 14.20 o ,93 6.08 2.87
podium Chloride. ,.66 .66 1.04 77 3*%41 1.83 .97 .87 .75 2.14 1.44
Modium Nitrate. .36 .6 .04 .48 J ,07 .30 .24 .05
. 47 .27 %52 .35 1.01
Milica etc. .94 45 1,49 .86 .30 1.39
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