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Abstract: Problem statement: The aim of this study is to make an attempt to sssthrough the
application of the Holman Method, the effects thatareless management of human induced activities
could have on aquifers and in particular on tappimls used for human supplpproach: The
study had been applied to two different territgrias far as both the geomorphological and human
induced aspects are concerned: the city of Aobi,capital city of the Autonomous Aosta Valley
region and three municipalities located in the eEpf the Veneto regioiResults: Thanks to the first
results that had been obtained from the applicatiothis method and other ones, it is hoped that a
strategic territorial management approach will lwemed in the future so that the Groundwater
Resources (GWR) can coexist with the economic amrwzhru developmentsConclusion: All the
analysis had been implemented utilizing a Geoggbtinformation System (GIS).

Key words. Groundwater resources protection and enhancemenitnam method, hazard centers,
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INTRODUCTION * The control factor index, which is calculated as th

. . product of the control factors:
The Holman methdtf! is applied to calculate the

potential impact of Hazard Centers (HC) on CFI=ExFxG
Groundwater Resources (GWR) and in particular on
tapping wells used for human consumption. A weight that varies between 1 and 3 (1 = low

Application of the Holman method involves an hazard; 2 = medium hazard; 3 = high hazard) is
accurate census of the types of HC that are prasent established beforehand for each of the aforemesdion

the examined area in order to highlight the adéit factors; in the case of the same distance betwaen t

. sources of pollution but with different impact, the
that are responsible to the greatest extent for thgourCe with tﬁe highest impact is consideredp '
pollution of groundwater and also to draw up a

classification of the potential hazard. Table 1: Hazard Factor Index (HFI)
It is therefore necessary to evaluate the differenCode Description Weight
; A Potential toxicity of discharged pollutants
hazard factors (Table 1) and the different corfaotors Toxic chemicals 3
(Table 2), whether natural or man made, that tageth Pathogenic bacteria and viruses 2
i 1 Substances able to change organoleptic charditteris 1
determine or prevent groundwater pollution, forteac B Potential concentration of dischar ged pollutants
HC. High concentration (50-100%) 3
Each well is therefore considered in relationhe t Medium concentration (10-50%) 2
. . Low concentration (<10%) 1
nearest source of pollution and all the followingc Potential polluting load
characteristics are considered: >50 L m* day™ 3
10 - 50 L m*day* 2
. s <10 L m? day* 1
e The Hazard Factor index, wh|cr_1 is calculated as the, Potential frequency of discharging pollutants
product of the hazard factor weights: 30- 365 day yeat 3
8-30 day yeat 2
HFI=AxBxCxD 0-7 day year 1
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Table 2: Control Factor Index (CFl) quietn® o 4

E Degree of natural protection:
Discharge in the underlying aquifer system 3
Discharge in the soil 2
Discharge on the soil surface 1
F Degree of preventive control of thehazard centre:
Poor
Modest
Elevated
G Relative distance to the closest palluting subject: >
The hazard centre is on the upstream gradient |/

Code Description Weight jrsta dﬁi . 4
H o - \Veheto b, \"

PN W

<1km |

1-3km 2 |

>3 km 1 {

The hazard centre is on the downstream gradient ‘

<0.5km 3 ‘ v

0.5-1 km 2

>1 km 1

Fig. 1: Localization of study areas

Table 3: Hazard index value range
Potential The Holman method has been applied, in an
impact _ Low Medium High Very high experimental manner, in two study areas in NowlhyIt
HI 1<IP>546 54%IP>1093 1094I1P>1640 164%IP>2187 (Fig. 1):

At this point, it is possible to calculate the et

* North-West, in the autonomous Aosta Valley region
Index (HI) for each HC as follows: yreg

* North-East, in the Veneto region
HI = HFI x CF The main difficulty involved in applying the
) . _ . Holman method is to recognize what the many risk
The o_btalned values are divided into 4 categoriesgjiations are that could cause a spillage of faiits
as shown in Table 3. into an aquifédf. Both accidental spillageduring
The system is useful to analyze two differentleve transport and the utilization of polluting substasc
of hazard, one connected to the possibility ofyg@h  during the conduction of activities and “unconteall
of a water point by a hazard centre (calculatirggkth)  spillage, connected, for example, to the loss of
and another generated by the synergic action opollutants from an underground tank are in fact
different hazard centers of the same type on th@ossible. . o
groundwater resources, which leads to such a lefel In order to carry out this type of analysis, it is
pollution that they become unusable for drinkabéter fundamental to hav_e a high number of d"%ta a\_/a|JabIe
supply (calculating the THI, the Territorial Hazard through _the assessing of all _the HCs consideretslat
Index). tS(LppF())ll)I/utlon and all the tapping wells used for fam
A comparison among the calculated hazard " A" Geographical Information System (GIS) that
indices make it possible to assess the interventiogg|lects these data in a standardized manner aatd th
priority, starting from the precondition that a Id  updates them does not exist at a national levathEa
means a slight hazard of pollution of a determined.ocal Organization that operates at a territoralel
water point, even over a long period of time, while has set up a regional GIS, in relation to its own
elevated HI means an elevated hazard, even fot shoiequirements and economic  possibilites  and,
periods of time. unfortunately, these are often imprecise and ndatgd

The Territorial Hazard Index (THI) is calculateg b and therefore unusable if not obsolete.
multiplying the mean HI value relative to each In the considered study areas and because oka lac

homogeneous group of assessed HC, expressed %available data, it was first necessary to prepar

atabank by collecting the necessary informatiamfr
thousandths, by the product of the presumed releasgy public and private organizations operatingugtmut

surface (calculated in hectares) multiplied byrtbenber 4 territory. This was done through the drawingofip

of HC that make up the assessed homogeneous groupcensus cards (Table 4). The activigrried out,
the relative geographic coordinates and the Holman

THI = (Hlaverag1000)x S[ha]x Nhazarq centers (1)  method parameters relative to the hazard factor8(A
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Table 4: Example of an activity category card

Details of the activity Holman parameters

Geographic

coordinates Ordinary scenario Critical scena

Activity -
Company Owner conducted x y Site A B C DEF G H A C D E F G HI
Company 1  Dr. Mario Metallic 399840 505617 Avenue
Rossi work Torino, 9

Continue....

C and D) and the control factors (E, F and G) were The frequency (D), in relation to the probability
reported in each card and two potential impact risk  that the spillage occurs or does not occur anteo t

scenarios were identified. _ operating level of the activity
~The first scenario represents the “normal scehario.  The preventive control degree (F), in relationtte t
which refers to the daily functioning of an actyithe type of premises in which the activity is conducted

second, defined as 2 “critical scenario”, refergte
maximum risk situation that can be generated, It is unlikely that the value is the maximum (3)
considering all the variables connected to thebecause the activity is not conducted in the ofien a
development of the activity itself. The two scepari
that have been proposed thus allow the extrem@airies. This category is considered to be a HC
infinite situations that can occur on a territonyie  pecause of the composition of the substances teat a
described. These extreme situations have beegealt with and because of the numerous procedbags t
considered as it is useless, from the point of vé&dw the milk has to undergo before it can be put on the
the time and results effort, to deal with such @éa market (for example, pasteurization or skimmind). |
case study of situations. In this way, a specifeight  these substances were to be spilled, the aquifetdwo
was assigned to each factor relative to each &gtivi be compromised. The two scenarios differ because of
category in order to take all the risk situationgoi
consideration. , o « The potential concentration (B), in relation to the
Before presenting the application and the results  concentrations of the pollutants for which, althbug
that were obtained using the Holman method, redativ generally low in comparison to the volumes of
to each studied area, it is necessary to explan th  effjuents produced, two different dispersion
motivation behind the assignment of the weights  gjiations were hypothesized
relat|ve_to the ha_za_lr_d and cqntrol f?ctors for mn The polluting load potential (C), in relation toeth
categories of activities considefetf!. The activities operating level of the dairy

that had the greatest influence on the analyses, in The preventive control degree (F), in relationtte t

relation to the number of activities present on the type of structure in which the activity is carriedt

territory or the elevated pollution risk that they and to the existence or the lack of monitoring
represented, are reported hereafter.

Or_lly the parameter_s that are dl_stant _from eaCI'Breedings The analyzed territories showed signs of
other in the two scenarios are explained in order tne presence of different breeders. The two scesari
justify the choices that were undertaken; the weighdgiffer because of the potential toxicity of theatiarged
relative to the parameter concerning the distancgollutants (parameter A) and the potential (C) and
between the HC and the closest well (parameter Gfrequency (D) of the polluting discharge. Theses¢hr
varies in relation to the different situations aisxd hazard factors depend on the structures in whieh th
therefore not reported according to activity catggo activity is carried out and the existence or ladk o

adequate procedures for the collection of the Righl

Garage-body shops. This category has been identified Polluting excrement.

as a HC, since the activities carried out forehee_use Cemeteries. A prevalently burial system cemetery

of oils, greasy substances and fuels. The two STENA (yria| of the bodies in the ground, generally inogen

differ because of: casks) is comparable, due to the effects on the
environment, to an organic material discharge &itg,

* The potential polluting load (C), in relation toeth which does not have protection membranes
quantity and the type of pollutant dispersed duringunderground and therefore with the possibility of
the activities dilution and dispersion of the organic materialtime
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ground and in the surrounding water tables (Petsondable 5: Weight class in relation to the MQf the stored
communication from the person in charge of hydrocarbons

Federgasacqua SEFIT (ltaly) and President of thekwo Stored MG Weight class
Committee for the Cemeteries and Crematoriums ef th%:30 1
) . 31-50 2
FEFS (European Federation of Funeral Services)) 51200 3
The decomposition of bodies determines potentiat
chemical pollutants, of which compounds of carbon,Table 6: Weight class in relation to the burialdat
ammonia, chlorides, sulphites, sodium and potassiumears D F
prevail. For this reason, the weights relative he t Weight class Weight class
different factors have always been assessed aatetev 60-80 3 3
and are only differentiated according to: 28016?;808 i i

* The potential polluting load (C), in relation toeth
guantity of water (washing away effect) in contact®
with the body

» The frequency (D), which can be higher or lower,
in relation to the state of conservation of theficof

For the potential polluting load (C), the number of
tanks encountered in the activity at risk and ttel t
quantity of fossil fuel stored were taken into agtio
and 3 weight classes were identified (Table 5)

e For the frequency (D) and the preventive control
degree (F), the data concerning when the tanks
were buried were taken into account and were
divided into 3 weight classes (Table 6)

Waste disposal sites: Solid urban waste and all the
different types of waste from human activities
(construction debris, industrial scraps...) are degdos
off in waste disposal sites. The national law Ligige
Decree 36/2003 acknowledges European Directive In the case where these data concerning the
99/31/EC, which foresees three different types aéte@  activities were missing, the critical scenario was
disposal site: described and the maximum weight was given tohall t
factors, while a mean weight was identified for the

» Sites for the disposal of inert material ordinary scenario.
» Sites for the disposal of non hazardous material _ . _ o

(including Solid Urban Waste-SUW) Hospitals, clinical and veterinary clinics: The
. Sites for the disposal of hazardous waste materidloSPital, veterinary and laboratory clinics wereugred

(including ash and scraps from incinerators) together as the type of action is the same: alptaees
where surgical operations and specialist visits are

The national law also defines a surveillance andtarried out are considered HCs as they use contrast
monitoring plan with the necessary chemical, chainic liquids and chemical and medicinal substances in
physical, hydrogeological, meteorology climatic andenvironments that are often loaded with bacterid an
topographic parameters that have to be determinegruses. Furthermore, the tanks where the different
periodically according to an established measuringhemical and toxic substances are stored shouidbals

frequency. Unfortunately, these rules are not abvayconsidered HCs. For this reason, the different
respected, as is the case, for example, of wasposk parameters vary according to:

sites that have not been built or maintained adngrth
regulations and it is for this reason that the camsil  «
parameters express the maximum hazard risk
(parameters A, B, C and D) and the minimum control
(parameters E and F).

The potential polluting load (C), which can vary in
relation to the operating level of the activity aid
the different lengths of the pollutant spillage
phenomenon

Service dtations, fuel storage sites These two ° The frequep_cy (D), which can change in relation to
categories are considered as HCs because of the the probability that an accident could occur or not

chemical-physical characteristics of the hydrocagbo
that are stored. Furthermore, the fossil fuels aiten
stored in tanks below the ground level and, indase
of breakage of the tanks, it is particularly easy f

and if this presupposes a constant duration during
the year

The preventive control degree (F), in relation to

whether the activity is carried out in suitable

spillage to occur.

On the basis of data collected over the last 40-50
years by Public Administrations, it is possible to
calculate the C, D and F parameters of the indalidu Laundries and dry-cleaners: The laundry category is
activities in a different way, thus: divided into two scenarios in relation to:
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* The potential concentration (B), in relation to the An unconfined aquifer can be found above Aosta
different detergents and the quantities that aegl us in gravelly sediments, which guarantee protectibine
« The polluting load potential (C), in relation toeth aquifer water from any possible pollution of baeter

operating level of the activity origin. At least two aquifers have been identifieelow
« The frequency (D), relative to the possibility mtn Aosta: A surface phreatic one with a depth of 20s87
of an accident occurring and another deeper confined one, which is sometimes
- The preventive control degree (F), on the basis ofinder pressure, of a depth of 5 m. _
the structure in which the activity is carried and ~~ The water flow of the groundwater is generally
whether it is subject to monitoring directed from West to East, parallel to both thekyo

slope that borders the aquifer on the North anthé
[pora Baltea River. The hydraulic gradient variesifra

Dry-cleaners are considered HCs because of the i £ 8%. in th b o~ ¢
working cycle. Organic solvents or chlorinated ariga maximum o %, In the sector above, to a minimum o
4% in the sector below.

solvents and substances or preparations, classified As far as the depth-to-water is concerned, the
according to the Legislative Decree of 3 Febru&ry7l lowest values, of between 0 and 5 m, are encouhtE;re

no 52 as carcinogenic, mutagenic or toxic forge sector close to the Dora Baltea riverbed. Going
reproduction, can be utilized during the washingtowards the city of Aosta, the depth-to-water o th
processes. unconfined aquifer varies from values of 10-20 m,
It was considered advisable to divide all thedest except for in the historical centre where the value
into two scenarios, with the exception of potentialexceed 20 m and even reach a maximum of 32 m close
toxicity (parameter A) which was kept constantta t to the Roman Amphitheatre.
maximum value. From the settlement point of view, the area is enad
up of an urban fabric that is represented by the afi
Metal work firms: This category is considered a HC Aosta, a large metallurgic industrial area (to soeith
due to the substances that are used for thef Aosta) and by different outlying inhabited ceste
manufacturing process. It is in fact known thahiemd ~ Which, in recent years, have been subjected to-a de
steel manufacturing processes produce pollutingifbanization phenomenon in favor of the main town.
substances which are often dispersed in both

groundwater and aquifers and which alter their rahtu  Study area 2: The Veneto Region: The territory on
equilibrium. For these reasons, a maximum weight wa'/hich the second analysis was conducted is located
given to all the factors in both scenarios, witte th € centre of the Veneto Region, on the border éetw

. . the Provinces of Padua and Vincenza and it faigle
exception of. three municipalities: Tezze sul Brenta, Cittadelled

) ) ) i Fontaniva.
* The potential polluting load (C), in relation toeth The origin of the Veneta Plain dates back to the
operating level of the activity end of the Tertiary era, but it was only at theibeing

* The potential frequency (D), in relation to the of the Quaternary era that the vast depressiorfilked
probability of whether an accident occurs ornot  py 3 progressive accumulation of alluvial deposits
belonging to the large fluvial systems, spaced lut
Water and urban land management: sediments derived from the various marine
Study area 1: The Autonomous Aosta Valley region:  transgression stages. The studied area is in tg@ Hi
The territory on which the first analysis was coctgd  Veneta Plain and, according to the “Classificatafn
includes a part of the Aosta Valley, a region thatthe Italian Soils in a 1:25.000 scale” (The World
borders on France, Switzerland and the PiedmonReference Base for Soil Resources (FAO, 1998) was
region. The studied area is in the municipalitydobta, used as the classification system.), it is pathefAA2
a city located on the mid-plain of the Aosta Valley Classification “Soil on a fluvial-glacial fan witfew
From a geological point of vié#; the Aosta signs of relict hydrography formed of strongly or
Valley is part of the alpine mountain chain knowsy a extremely calcareous gravelly sands”.
the Western Alps. Geomorphologically, the territory is characterized
From the investigations that were carried out, itby the presence of the Brenta river which flowsnglo
emerged that the postglacial filling of the Aostlley  one of the sides of the area and by an area ofgesce
plain houses two aquifer systems: an unconfined onéA resurgence is a spring of fresh water, typidathe
and a confined one. Padana plain) located to the South.
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As far as the hydrogeological aspect is concernedjouses and this is alternated, without any previous
one single large aquifer, with some clay lenseg thaplanning, with farm areas and industries.
become different once the resurgence zone is rdaathe
Fontaniva, can be found that goes from north tdrsou RESULTS

In the department to the north of Cittadella and
Fontaniva, the phreatic surface deteriorates in
homogeneous way, according to an almost constant dinecessary to identify the perimeter of the studsaai
the mean local hydraulic gradient is equal 0403  Databank was therefore constructed and this proved
with higher values near the Brenta fluvial bar. be a particularly costly operation, in terms of dimnd

The maximum hydraulic gradient is found just complicated, considering the fact there was noienhif
south of the town of Bassano del Grappa (2/@nd  regional territorial information system (Fig. 2).

Study area 1: The autonomous Aosta Valley region:
order to apply the Holman method, it was first

it is here that the greatest velocity of the grovater The information useful for the analyses was
flow is encountered (40-60 m day the mean velocity obtained from national, regional and municipality
of 10-15 m/d is found in the Cittadellese area. public organizations.

The mean depth-to-water of the aquifer is about  The Databank, which was implemented in a GIS, is
20 m: 28 m in the municipality of Tezze sul Breatal = composed of:
this descends to 6 m in the municipality of Citlede
The Fontaniva resurgence area, following the remova
of gravel from a height of 7 m from the riverbedjigh to the hydrography, to the borders of the
is not consistent with the structure and equilibriof municipality of Aosta, to the street numbers and to
the aquifer, induced a change in the point of eeerg the main and secondary traffic infrastructures
of the water of the municipality, from north to sou +  The types of activity at risk to pollution of the
From the settlement point of view, a sprawl (An GWR: Car repair/body shops, car washes, dairies,
Engllsh term that indicates a rapid and unorganised typmg agencies, fuel storage sites, buried fossil

The cartography of the study area: CTR 5.000
raster, orthophotos and georeferenced files relativ

growth of a metropolitan area, a phenomenon which, fuel tanks (blocks of flats and activities), seevic
most cases, occurs most frequently in the suburban stations, electromechanical firms, metal work
areas, given the description of area of recent resipa firms, laundries and dry-cleaners, hospitals, chi
and subject to continuous change. The texad in and veterinary laboratories, cemeteries

Italy to describe this phenomenon is “citta diffusa « The wells in the study area, which have been
(diffused city)) model can be found with scattered identified with a univocal code

a0 \ =¥ '

e (P 5B\
\ \ T 3
e T T s

N
N /%_\F%I/M : \_ =
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[ Yo 'S:“l-’""“"*-‘““i" @ Electromechanical fims (P Servi Agneulture wells
173 .
®c s © Jni=eo & Drinking water wells
£ agitalx 0 125 250 500
@pDainies H] Hospital —Piezometiic level 3 " el
| ST T —— |
@ Typing agencies #— Cemeteries B Flow direction

labormteries

Fig. 2: Application of the Holman method
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Table 7: Activity types and the relative releaseaar

Type of activity Area (ha) Type of activity Area (ha)
Car repairs/body shops 0.050 Electromechanical firms 0.050
Car washes 0.040 Metal work firms 0.020
Dairies 0.030 Laundries and dry-cleaners 0.020
Typing agencies 0.008 Hospitals 1.300
Fuel storages 0.030 Clinical and veterinary laboratories 0.035
Underground fuel tanks (apartment blocks and base®) 0.100 Cemeteries 2.600
Service stations 0.100
Table 8: Example of an Hl attributed to laundry aing cleaner activities
High HI = 729 Risk Low HI =72
Type of activity: Laundry dry-cleaners
Code Description Weight Motivation
Hazard A Potential toxicity of the discharged ptahts: 3 Toxic chemicals
factors B Potential concentration of the dischangetutants: 3 The concentration of the pollutarea be elevated or
2 modest according to the detergents used
C Potential polluting load: 3 The polluting loaaihche considered elevated or medium
2 in relation to the activity’s operating level
D Potential frequency of the polluting discharge: 3 The frequency can change depending on the pidipaii
1 an accident happening or not
Control E Degree of natural protection: 1 It is ayw elevated since, should a spillage occur, this
factors would be within the premises, with a nil or almo#tevel
of pollution risk. It would be a different casdtife spillage
occurred in the store where the pollutant is kept
F Degree of preventive control of the centre stthje 3 Depending on the type of premises in whichettievity
to hazard 2 is being carried out, it could be poor or modest
G Relative distance to the closest polluting stcthje 3 Parameter calculated per single activity

Table 9: HI and THI values calculated for each tgpactivity

Values

Ordinary scenario Critical scenario
Type of activity HI THI HI THI
Car repairs/body shops 51 0.09180 459 0.82620
Car washes 72 0.01100 486 0.07770
Dairies 72 0.00216 324 0.00972
Typing agencies 18 0.00028 324 0.00500
Fuel storages 990 0.89100 1485 1.33650
Underground fuel tanks (apartment blocks and bases 571 0.62820 842 0.92610
Service stations 709 4.89240 1063 7.33860
Electromechanical firms 22 0.00225 270 0.02700
Metal work firms 54 0.00108 324 0.00648
Laundries and dry-cleaners 72 0.03456 729 0.34992
Hospitals 54 0.14040 324 0.84240
Clinical and veterinary laboratories 54 0.00945 324 0.05670

areas occupied by each single activity of each type
was used in order to standardize the data

The weights relative to the HFIs and the CFls (as
shown in Table 1 and 2) of the aforementioned ciffie
types of activity at risk were assigned to calaultte
His and the THIs, hypothesizing their relative asle
surfaces (Table 7), which were calculated as fatow

In the Holman analysis, the “probability factorih

a particularly elevated weight. It proved necessaryhe

calculation of the weights, to hypothesize both an

accidental risk and an uncontrolled spillage (metiand

e For the activities that. present a partigularly targ quantity) during the development of the activitywdr
surface, such as hospitals and cemeteries, thelactyeference scenarios were therefore elaborated, r@ mo
occupied surface area identified on the CTR “critical” one and an “ordinary” one and differemeights

i For the activities that present a relatively mOdeSWere assigned to the Sing|e factors that makemp{th
occupied surface area (such as, for example, The calculation that was carried out for the laynd
laundries and carpentry workshops), a mean of thectivity is shown in Table 8 as an example.
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distinct results, in relation to the two scenatiwast have
been formulated (the results in Table 9):
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The application of the Holman model leads to three  As a consequence, in the case in which the quality
of this water results to be poor in an analysisaoee
of pollutants (hydrocarbons), the environmentalezigp
o ] _ would be likely to carry out further analyses at #ite
There are activity categories that show a Low HI inyh4t is presumed to be the source of the pollution.

both scenarios If we analyze the THI parameter, it is also pdssib

These activities include carwashes,  typingiy ynderstand which activities are the greatest g
agencies, —garages and bodyshops, hospitahating them to the territory in which they aredted.
structures, clinical (veterinary) laboratories andAgain in this case. there is a net difference betwihe
metalworks '

different groups of classified activities. Pracligaall
fhe “commercial or craftsman” activities show anITH
that does not surpass 1 (considering the critical

The laundries and cemeteries, instead, only show
Medium HI in the scenario defined “critical”, but

in the “ordinary” scenario they have a Low Hl

* The fuel storage sites, the buried tanks and th
service stations all show a Medium or Elevated HI

scenario), because the pollutant release areas are

rf“elatively modest. The situation indicated for flel

in both scenarios

deposits, the service stations and the cemetavigsh

have a release area of between 0.03 ha and 2.8 ha,
The application of the Holman method thereforeinstead different and the risk (THI) is defined as:

does not show any activities that are a partictisder of
pollution, except for the activities in point 3. .

Thanks to the results that were obtained, it is,
possible to derive two important pieces of planning,
information:

e« To understand which activity categories are the

1.33 for the fuel deposit sites (release area@s)0.
7.33 for the service stations (release area of 0.1)
5.05 for the cemeteries (release area of 2.6)

The service stations, being particularly numerous

greatest risk of pollution (thanks to the THI vglue and often having obsolete tanks, are the activitias

* To understand, within the same group, whichresult to be the greatest risk; the cemeteries,gho
activities are more risky than the others (HI value showing a much lower HI value than the fuel deposit
An example is given in order to explain thesesites (potentially medium impact), but having a
points more clearly: considering the following particularly extended release surface, are coreitdan
service stations Table 10, it is possible to seehvh activity with a relevant risk of pollution (THI va).

activities compete to be the greatest risk for the

One final consideration is however necessary.

aquifer. For example, petrol station 3 has a veryajthough these activities all show an elevated, ritie

high HI compared to station 12

service stations should clearly be considered the

very high for both activities while parameters Dddn
show a substantial difference, given that the tamks
were buried in very different periods: the first time
sixties-eighties and the second at the end of itheties.
This means that the frequency of the dischargégisen
for one activity than the other because of obselese.

Table 10: Comparison of fuel service stations

Type of activity A B C D E F G HFI CF HI

Servicestatonl 3 3 3 1 3 2 3 27 18 486
Servicestaton2 3 3 1 3 3 3 3 27 27 729
Servicestaton3 3 3 3 3 3 3 3 81 27 2187
Servicestaton4 3 3 2 3 3 3 3 54 27 1458
Service staton5 3 3 1 3 3 3 3 27 27 729
Servicestaton6 3 3 2 3 3 3 3 54 27 1458
Service staton7 3 3 3 3 3 3 3 81 27 2187
Servicestaton8 3 3 2 1 3 2 3 18 18 324
Servicestaton9 3 3 2 3 3 3 3 54 27 1458
Servicestaton10 3 3 2 3 3 3 3 54 27 1458
Servicestaton11 3 3 2 1 3 2 3 18 18 324
Servicestaton12 3 3 3 1 3 2 2 27 12 324
Servicestaton13 3 3 2 3 3 3 2 54 18 972
Service staton14 3 3 3 3 3 3 3 81 27 2187
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of HCs spread throughout the territory; the cenieser
on the other hand, are sources of a dispersioméan t
aquifer which, though territorial, can be considere
point sources if analyzed at a territorial level.

Study area 2: The Veneto region: The first operation
necessary to apply the Holman method
municipalities of Tezze sul Brenta, Cittadella and
Fontaniva (Fig. 3) was that of establishing which
categories of activities could be considered HCd an
therefore to determine, in a more or less decigiag,
the pollution of the groundwater in the case oflage,
considering them one at a time and then takenheget

to the

The choice of the activities to which the Holman

method should be applied was based on a series of
operations. Initially, the numerous activities askr
were identified, using the table of the 95 categoinf
activities already available from the literattfe Once
the remaining activities useful for the analysid baen
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Fig. 3: Application of the Holman method

identified, the complete list of activities at risio  distance between the activity at risk and the well

pollution on the studied territory was drawn up.isTh closest to it.

list included the following categories: Breedingrfs, 1 he potential impact shown in Table 3 was

fish breeding farms, car repairs/body shops, dairie identified for each HC, according to the resultsttud

ceramic workshops and glass works, cemeteriesewast

disposal sites, textile finishing processes, linmnéces,

galvanic firms, industries, cement substances figas

productions, service stations, hospitals and vedeyi \ye|ls were georeferenced on a CTR cartographicspasi

clinics, dry-cleaners, stone works, metal work 8rfur  thanks to the use of a GIS.

coat processes, recycling of solid urban waste and From the analyses that were conducted (Table 11),

cotton productions. it can be stated that the “ordinary scenario” inths a
Different weights were assigned to evaluate thdow level of HI, with the exception of:

potential impact of the HCs on the hazard factdys (

In this way a census card was elaborated for each
single activity, as shown in Table 4.
A database was then set up and all the HCs and

B, C and D) and on the control factors (E and F) of
each category, considering two different scenarios:
The first, called “ordinary scenario”, for when the .
spillage level does not reach the maximum hazard;
the second, defined “critical scenario”, in which

many parameters can reach a level that can be

considered alarming. Finally, the parameter G wagarticularly hazardous situations are

The galvanic firms category and that of the service
stations ,which show a medium level

The waste disposal sites category, which shows an
elevated level

The industries activities show a low risk, sinae n
considered,

calculated through an operation that measured thalthough they are considered in the second scenario
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Table 11: HI and THI values calculated for eactetgpactivity
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Values

Ordinary scenario

Critical scenario

Type of activity HI THI HI THI
Breeding farms 38.38 0.257 344.90 2.311
Fish breeding farms 304.00 0.912 1602.00 4.806
Car repairs/body shops 10.20 0.006 184.00 0.104
Dairies 37.30 0.009 504.00 0.125
Ceramic workshops and glass works 213.15 4.050 6890. 13.122
Cemeteries 277.00 5.762 1215.00 25.272
Waste disposal sites 1458.00 21.870 2187.00 32.805
Textile finishing processes 300.00 1.350 1350.00 07%.
Lime furnaces 48.00 0.014 324.00 0.097
Galvanic firms 972.00 0.729 1944.00 1.458
Industries 164.84 12.528 1128.70 85.781
Cement substances firms 205.70 0.069 2082.80 0.700
Gas productions 96.00 0.024 729.00 0.182
Service stations 604.80 0.605 1360.80 1.361
Hospitals and veterinary clinics 76.00 0.608 729.00 5.832
Dry-cleaners 29.60 0.026 800.50 0.708
Stone work firms 22.40 0.029 576.00 0.749
Metal work firms 22.00 0.006 297.00 0.083
Fur coat processes 324.00 0.037 972.00 0.111
Recycling of solid urban waste 96.00 0.036 648.00 240
Cotton productions 24.00 0.029 216.00 0.259
Table 12: Activity types and the relative releaszaa

Type of activity Area (ha) Type of activity Areaah
Breeding farms 0.05 Gas productions 0.25

Fish breeding farms 1.00 Service stations 0.10

Car repairs/body shops 0.02 Hospitals and vetericlarics 2.00

Dairies 0.08 Dry-cleaners 0.05
Ceramic workshops and glass works 0.05 Stone viorisf 0.26
Cemeteries 2.60 Metal work firms 0.04

Waste disposal sites 150 Fur coat processes 0.06
Textile finishing processes 0.50 Recycling of saolidan waste 0.38

Lime furnaces 0.15 Galvanic firms 0.25
Industries 1.00 Cement substances firms 0.05

Cotton productions 1.20

In the “critical scenario”, instead, different degs

of hazard can be noted:

After having determined the release area for each

activity category (Table 12), the value of the Tidhs
determined: From an analysis of the obtained gstttan

« The breeding farms, car repairs/body shopspe seen how three categories of risk activitiesrgene

dairies, lime furnaces, metal work firms and cotton

productions categories all remain at a low level an »
unchanged from the ordinary scenario

The fish breeding farms, the ceramic workshops
and glass works, the gas productions, the hospital
and veterinary clinics, the dry-cleaners, the stone
work firms, the fur coat processing and the

recycling of solid urban waste activity categories

are instead of a medium level

The cemeteries, textile finishing processes,

industries and service stations categories arenof a
elevated level

The waste disposal sites, galvanic firms and

cement substances firms categories are all ofya ver
elevated level
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First, the industries category, which has a valfue o
12,528 in the ordinary scenario has a value of
85,781 in the critical scenario; this particularly
elevated value derives from the fact that there is
such a large number of activities that this number
creates a network at a territorial level which is a
risk of pollution, also considering that each singl
industry should be considered an aggregate of the
HC. Furthermore, the waste disposal sites are also
present which have a value of 21,870 in the
ordinary scenario and 32,805 in the critical
scenario. As only one waste disposal sites can be
found in the studied area, the THI values (that
territorialize the analysis) are coherent with the
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hypothesized potential values
elevated impact)

The second category of activities is represented by
the cemeteries, which show a value of 5,762 in the
ordinary scenario and of 25,272 in the critical
scenario; these values are coherent with those
calculated with respect to the potential impact.®
Subsequently, we find the ceramic workshops and
glass works activities, which show a value of 4,050
in the ordinary scenario and of 13,122 in the alti
scenario; as there is a large number of acti\iges,

this category is considered a risk, even thoudiast

a medium potential impact. Finally, different
activities have been identified (breeding farmsh fi

impact (very

outskirts of the city, subsistence farming and
breeding activites can be encountered and
sometimes small industrial activities. The only

exception is that of a large metallurgical industry
which extends towards the southern border of the
city

The second study area, which includes three
municipalities in the Veneto Region (Tezze sul
Brenta, Cittadella and Fontaniva), is located on a
plain and it has a high number of industrial

activities with an elevated risk of pollution and

these alternate with intensive agricultural adtgt

(Fig. 5).

Although there are many local organizations in

breeding farms, textile finishing processes, gatvan ¢,y that are in charge of analysis and monitorihgre
firms, service stations, hospital and veterinary;g frequently no contact between them and it trezeef
clinics) which show THI values of between 1,361 gcours that the data in their hands are often
and 6,075; these activities could be a risk ofcontradictory or not updated, unusable or even leteso
pollution in relation to an elevated potential irapa |t is therefore necessary to consider the impoganic
value or to a high presence on the studied teyritor  constructing a standardized Geographical Informatio
* The remaining activities, which show an THI value System (GIS) that could easily be updated throtngh t
below 1 in both scenarios, are found in the thirduse of census cards, in order to be able to cdiett

category those activities that are at risk of polluting tharface
and groundwater resources and also the tapping okl
DISCUSSION the aqueduct network used for human supply.
Congruent results have emerged from 