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Directive (EU) 2020/2184 of the European Parliament and of the Council of 16
December 2020 on the quality of water intended for human consumption

drinking
water

water intended for human consumption
means

A all water, either in its original state or
after treatment, intended for drinking,
cooking, food preparation or other
domestic purposes in both public and
private premises, regardless of its origin
and whether it is supplied from a
distribution network, supplied from a
tanker or put into bottles or containers,
Including spring waters;

A all water used in any food business for
the manufacture, processing,
preservation or marketing of products
or substances intended for human
consumption
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Ammonium It is an element present in rocks, minerals and soil, and
its occurrence in water is mainly due to natural
processes of dissolution from minerals and rocks.

Wh at IS Arsenic It is an element present in rocks, minerals and soil, and
its occurrence in water is mainly due to natural
? processes of dissolution from minerals and rocks.
Chloride The chloride ion is widely distributed in nature in the

form of sodium (NacCl), potassium (KCI) and calcium
(CaCl2) salts. Chloride increases the electrical
conductivity of water.

Sulphate They occur naturally in numerous minerals and for that
reason can also be found in drinking water.

Nitrate They are compounds present in water either as a result
of natural phenomena (decomposition cycle of
nitrogenous substances) or as a consequence of human
activities.
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Why drinking water IS
Important?

When a community gets access to safe water, some of the benefits are:

The improvement Water Supply Better School

Quality, Sanitation, and Hygiene Attendance
Increase the Amount of Healthy
. Gender
Food Available .

Equality

Improve Poor Reduce

Communities Conflict

Y | Decu srop
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Global water crisis  facts

CLEAN WATER Despite improvements in recent years, water scarcity affects ~“ "‘

AND SANITATION more than 40% of people . This situation is projected to rise as

temperatures do. By 2050 , it is projected that at least one in — -
four people will suffer recurring water shortages. " ~
Protecting and restoring water - related “‘

ecosystems is essential! THE GLOBAL GOALS

884 2 80 70

million billion percent percent
people still people are of countries have of the world's wetlands
lacked even affected by developed or have set up have been destroyed In
basic drinking water stress an integrated water the last century
water resources management
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Goal targets to 2030

A achieve universal and equitable access to safe and
affordable drinking water for all

A improve water quality by reducing pollution , eliminating
dumping and minimizing release of hazardous chemicals
and materials

A implement integrated water resources management at all
levels
A protect and restore water - related ecosystems , including

mountains, forests, wetlands, rivers, aquifers and lakes

27/ | UNIVERSITA
4 DEGLI STUDI

-;" ) | DI MILANO FOOD SAFETY AND HEALTHY LIVING International Summer School

September 5 -8, 2022, Brasov, Romania



The case
study (Northern Italy)

September 5 -8, 2022, Brasov, Romania

An interesting example regarding the

application of new techniques for preserving
water resource from both a guantitative and

gualitative  point of view is the one carried
out in the 2018- 2019 biennium on the

Nossana and Ponte del Costone springs.
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Study Area

Spring
catchments

A The springs are located in
Northern Italy, inthe Central
Pre- Alps within the Province
of Bergamo, Lombardy
Region

A Nossana catchment: 80
km?2

A Ponte del Costone
catchment: 10 km?2

o o oY
A High differences in altitude
Nossana: from 447 m a.s.l.
to 2512 m a.s.l. Ponte del
; o : C Legend

Costone: from 427 m a.s.l. to G .

: ' . _ A Main rivers
1161 m a.S.I. -_ ¢ v VN J : ,) 4 Spring catchment .

. : ; km -
4
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Study Area

A The whole environment is
dominated by calcareous -
dolomitic carbonate series

AThe Nossana aquifer is set in the
Calcare di Esino formation (Ladin -
Carnic age)

A The water system of Ponte del
Costone Is formed by 13 springs
distributed in about 1 km along the
Serio river and it has the Dolomia
Principale Formation (Noric age)
as reservoir rock

AThe average precipitation is close
to 2000 mm/year  with peaks of
about 3000 mm/year (Ceriani et
al., 2000)
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Study Area
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A The springs are managed by the public company
UniAcque S.p.A. and feed more than 315,000 people

A Characterized by a  dominant drainage system

A Nossana spring discharge 0.5 - 18 m3s-1

From Vigna & Banzato, 2015 N Ossan a S p rl n g
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Study Area

A The Ponte del Costone
cumulative discharge
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Water monitoring

34 sampling points were set up. 23 points are

related to natural spring waters, 4 pointsto surface
waters , 2 points to wells , 3 points to waters from
karst caves , and 2 points to the Val del Riso  mine

A Chemical analyses were performed at UniAcque S.p.A.
laboratories via ion chromatography (IC) and inductively
coupled plasma mass spectrometry (ICP -MS)

A Stable isotopes analyses (180, 2H, and 13C) were
performed in the laboratory of the Université d'Avignon et
des Pays de Vaucluse (France) using an isotope ratio
mass spectrometer (IRMS).

A Through the use of PHREEQC (Parkhurst & Athe 3H/3He analyses have been commissioned to the
Appelo, 2013), pCO2 and Saturation Indices laboratories of the Institute of Environmental Physics and
were calculated with respect to calcite ( Slc) Oceanography at the University of Bremen (Germany)

and dolomite ( SId) (Sultenful? et al., 2009).

A Using Instant Clue software (Nolte et al., 2018),
a Hierarchical Cluster analysis  was performed
considering major cations (Ca2+, Mg2+, K+,
and Na+), major anions (HCO3 -, Cl-, NO3-, and

S0O42-), alkalinity (CaCO3), temperature, CO2 isotopic analysis, a hypothesis was proposed about

partial pressure, Slc and Sld, and electrical how the flow dynamics  within the two water systems
conductivity [uS/cm] work

Through comparison of the results of chemical and
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|Isotopic features and

Resident time estimation Ny
A Study area Meteoric Water Line:
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A Deuterium enrichment given by re - evaporation
due to effect of secondary valleys (Riso Valley)
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Alt was estimated the age of the reserve (or residence time ) for
Nossana of about 10 years , while for the Ponte del Costone
springs of about 30 years

A For these main springs, the cyclical renewal of the resource is
not evident ; rather, the water reserve ages Iin the 2015 - 2018
comparison .
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Vulnerabllity
assessment of

Geological data

The geological,
geomorphological, and
elevation data of the area
were obtained from the
Geoportale della Regione
Lombardia (Regione
Lombardia, 2020)

September 5 -8, 2022, Brasov, Romania

Karst network
development

For the development of
the karst network and the
evaluation of the
propensity to
karstification of the area,
the work of FSLo (2011) was
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Meteorological data

The meteorological data
were obtained from the
open - data section of the
Environmental Regional
Agency (ARPA Lombardia,
2020)

GOALS

|Isotopic data

The stable isotope data
(1180 and ) 2H) related to

the waters of Nossana
and Ponte del Costone
springs and Serio river
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O FACTOR (Overlying layers)

C racTor (Concentration of flow)

>30 % Clay

>70 % Silt

Sand >70%
Clay<15%

Rest

[0,] Soil

Texture

|

Silty | Loam

>1m

4 3 2

05-1m

3 2 il

Thickness

<0.5m

2 il o*

*Also 0 when no soil is present

Shallow hole and rechargearea

Distance to shallow hole (dh) Slope and vegetation (sv)

Distance to shallow Vil Distance to shallow Slope Vegetation cover | Value
hole (m) hole (m) <8% B 1

[O,] Lithology

Lithology and fracturation

Value

Clays

1500

Silts

1200

Marls and no = fissured metapelites

and igneous rocks

1000

Marly limestones

500

Fissured metapelites and igneous

rocks

400

Cemented or no — fissured
conglomerates amd breccias

100

Sandstones

60

Scarcely cemented or fissured
conglomerates and breccias

40 l’

(ly)

Sands and gravels

Permeable basalts

Fissured carbonated rocks

Karstic rocks

Value Layer index -

[0

Thickness of
each layer

<500 o |3000-3500
500 - 1000 0.1 | 3500~ 4000 I 8%-31%
1000 - 1500 0.2 | 4000- 4500
1500 - 2000 0.3 4500 - 5000

High

Low
High

31%-76 %

Low

2000- 2500 0.4 | >5000 ~76 %

Confining
conditions (cn)

2500 - 3000 0.5

Confined

Semi - confined

Unconfined

(m)

Layer index
Z(ly-m) l

|
C SCORE |=dh-ds-slv

i t

C SCORE Reduction of protection

Distance to sinking stream (ds)

Distance to sinking
streams (m)

<10 0
10-100 0.5

04-0.6 Moderate >100 *
*Also 1 when no sinking

06-0.28 Low .
c MAP streams is present
08-1.0 Very Low

Value

0-0.2 Very High

02-04 High

K* rFacTOR (Karst network development)

Layer index

0-250

250 -1000

cn=

1000 - 2500

2500-10000

From EPIK approach*————
*Doerfliger, 1999

Information on karst network K score | Reduction of protection

Well developed karst network 0 High

Poorly developed karst network ol Moderate

Mixed or fissured aquifer 2 Low

> 10000

Andreo etal., 2009

O SCORE Protection

Low

Moderate

High

Very High

. -[0J +[0]

Very Low

A FACTOR (Association between main discontinuities and their distance to
spring)

Buffer 200 m around the main discontinuities

!

Distance to spring®

Buffer from spring r= % catchment area (n=2)

P FACTOR (Precipitation)

[Py] Quantity

Rainfall*
(mm/year)

Value

> 1600

0.4

1200 - 1600

0.3

800-1200

0.2

400 - 800

0.3

<400

0-4

*Average rainfall for wet years.

Wet year 2 (0.

15-x}+x

[P,] Temporal
distribution

Temporal P (mm/year)
distribution n° rainy days

Temporal distribution
(mm/day)

Buffer from spring r= catchment area (n=1)

catchment area/n
*r buffer = [——M8M8M8M8 ——
\J b4

Rest of the catchment area

Rest of the area

|

A SCORE Reduction of protection

0-0.2 Very High

02-05 High

0.5-08 Moderate

08-1 Low

<10

10-20

>20

COPA+K index

P SCORE Reduction of protection

0.4-0.5 Very High

0.6 High

07 Moderate

0.8 Low

09-1 Very Low

[ P score |- [Lﬂ : [Pl.]

Vias et al., 2006

COPA+K index | = C SCORE - O SCORE - P SCORE - A SCORE + K SCORE

COPA+K INDEX Reduction of protection

0-0.5 Very High
05-1 High

COPA+K mAP

1-2 Moderate

2-4 Low

4-17 Very Low
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CONCENTRATION OF
FLOW

PRECIPITATION

KARST NETWORK
DEVELOPMENT
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A facto

I

Assoclation between discontinuities and

A FACTOR (Association between main discontinuities and their distance to
spring)
Buffer 200 m around the main discontinuities
Distance to spring*® Value
Buffer from spring r= % catchment area (n=2) 0.2
Buffer from spring r= catchment area (n=1) 0.5 catchment area/n
Rest of the catchment area 0.8 FOISES J n
Rest of the area |
|
A SCORE Reduction of protection
0-0.2 Very High
0.2-0.5 High
0.5-0.8 Moderate ’ A mAP
08-1 Low

COPA+K index
COPA+K index | = C SCORE - O SCORE - P SCORE - A SCORE + K SCORE

COPA+K INDEX Reduction of protection
0-05 Very High

|05-1 High [ copa+K

- 1-2 Moderate ' +K MAP
2-4 Low
4-17 Very Low

their distance to spring

Distances to spring

Buffer 200 m around
main discontinuities
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Factors

A a) Digital Elevation Model

Ab) Concentration of flow

Ac) Overlaying layers

Ad) Precipitation

A e) Association between
discontinuities and their

distance to spring

Af) Karst network
development
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