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ABSTRACT

The Water Safety Plan (WSP) approach is an iterative method focused on analyzing the
risks of water contamination in a drinking water supply system, from catchment to consumer,
in order to protect human health. This approach is aimed at identifying and drastically reducing
water contamination in the entire drinking water system, through the identification and
mitigation or, if possible, elimination of all factors that may cause a chemical, physical,
microbiological and radiological risk for water. This study developed a proposal of WSP for
the drinking water supply system (DWSS) of Mortara, Italy, in order to understand which are
the preliminary evaluation aspects to be considered in the elaboration of a WSP. The DWSS of
Mortara (a town of 15,500 inhabitants, located in northern Italy) consists of three drinking water
treatment plants (DWTPs), considering the following main contaminants: arsenic, iron,
manganese and ammonia. Potential hazardous events and associated hazards were identified in
each part of the water supply system. The risk assessment was carried out following the
semi-quantitative approach. The WSP proposal for Mortara was very useful not only as a risk
mitigation approach, but also as a cost-effective tool for water suppliers. Furthermore, this
approach will reduce public health risk, ensure a better compliance of water quality parameters
with regulatory requirements, increase confidence of consumers and municipal authorities, and
improve resource management due to intervention planning. Further, some new control
measures are proposed by the WSP team within this work.

Keywords: arsenic, drinking water, risk assessment, risk management, water safety plan.

Plano de Seguranca da Agua para a gestdo de risco de agua
potavel: estudo de caso de Mortara (Pavia, Italia)

RESUMO )
A abordagem dos Planos de Seguranca da Agua (PSA) € um método iterativo focado na
andlise dos riscos de contaminacdo da agua em um sistema de abastecimento de &gua potavel
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desde a captacéo ao consumidor, visando a protecdoda saude humana. Objetiva-se identificar e
reduzir drasticamente a contaminacdo da agua em todo o sistema de agua potavel pela
identificacdo e mitigacdo ou, se possivel, a eliminacdo de todos os fatores que podem causar
um risco quimico, fisico, microbiolégico e radiologico para a agua. Este estudo desenvolveu
uma proposta de PSA para o sistema de abastecimento de agua potavel de Mortara (Italia), a
fim de compreender quais sdo os aspectos de avaliacdo preliminar a serem considerados na
elaboracdo de um PSA. O sistema de abastecimento de agua potavel de Mortara (uma cidade
de 15.500 habitantes, localizada no norte da Italia) consiste em trés estacdes de tratamento de
agua, considerando os seguintes contaminantes principais: arsénio, ferro, manganés e aménia.
Eventos perigosos potenciais e riscos relacionados foram identificados em cada parte do sistema
de abastecimento de &gua. A avaliacdo do risco foi realizada seguindo a abordagem
semi-quantitativa. A proposta do PSA para o sistema de abastecimento de dgua potavel de
Mortara contribuira para reduzir os riscos a saude publica, assegurar um melhor cumprimento
dos parametros de qualidade da agua, dos requisitos regulamentares, do aumento da confianca
dos consumidores e autoridades municipais, assim como melhorar a gestéo de recursos devido
ao planejamento para intervencgdo. Além disso, novas medidas de controle sdo propostas pela
equipe de PSA neste trabalho.

Palavras-chave: agua potavel, arsénio, avaliagdo de risco, gestdo de riscos, plano de seguranca da
agua.

1. INTRODUCTION

Water quality is a global issue which requires both environmental and human health
evaluations or assessments (Monteiro et al., 2014; Omaka et al., 2015; Sanches et al., 2015).
The Water Safety Plan (WSP) is an innovative risk assessment and management approach
aimed at ensuring the safety of water for human consumption in the entire drinking water supply
system (DWSS), from catchment to consumer (Collivignarelli, 2017). In 2004, the World
Health Organization (WHO) introduced this approach in guidelines for drinking water quality
(WHO, 2004). In 2009, the WHO published a manual which describes the step-by-step WSP
procedure (Bartram et al., 2009). Recently, the WSP has been included in European Directive
2015/1787 (EU, 2015) concerning water quality intended for human consumption.

The main objectives of a WSP are the following (Lucentini et al., 2014): (i) describe and
analyse the DWSS; (ii) identify all factors that may cause a chemical, physical, microbiological
and radiological risk for water; (iii) reduce or eliminate these factors; (iii) prevent water
re-contamination during storage and distribution.

The knowledge and optimization of a DWSS is the basis for WSP implementation. An
example of a methodological scheme for the control and optimization of drinking water
treatment plant (DWTP) performance is reported in Sorlini et al. (2015a). DWTP monitoring
to highlight critical issues, with the addition of laboratory and/or field tests (so-called
experimental performing tests), should be adopted as a routine procedure for the "good
management™ of a DWSS. The scientific literature (Vieira et al., 2008; Lamrini et al., 2014)
reports interesting studies on the optimization of different DWTPs with "targeted upgrading”
(Sorlini et al., 2015b) and operative cost saving (Sorlini et al., 2015¢) for DWSSs that must
respect more stringent limits for specific pollutants, i.e., arsenic (Sorlini et al., 2014;
Collivignarelli et al., 2016).

The degree of WSP implementation and the impact on drinking water quality varies
significantly between European countries. The results of the global and regional survey on
WSPs in the WHO European Region showed that about 40% of the countries had experience
with WSPs; about one-third of the countries had national scale-up strategies for WSP

Rev. Ambient. Agua vol. 12 n. 4 Taubaté — Jul. / Aug. 2017 N3
IPABH1



Water Safety Plan for drinking water risk management: ... 515

implementation, and in 1 out of 10 countries WSPs are actively enforced (WHO and IWA,
2014).

In most cases, in countries where WSPs are not mandatory (and no similar requirements
for risk-based quality management exist, such as Hazard-Analysis and Critical Control Points,
HACCP), WSPs were implemented on a voluntary basis. For these countries, the risk
management approach applied is reported in Table 1.

Table 1. Risk management.

Country Risk Management Approach Applied Reference

WSP implementation study associated with

. L Khatri, 2016
climate variations

Nepal

Bangladesh, Bhutan,
Cambodia, Cook Island,
Lao PDR, Mongolia,
Nepal, Philippines,
Samoa, Sri Lanka, Timor-

Pre/post assessment of WSP implementation

with both quantitative and qualitative data Kumpel et al., 2016

Leste
- Pre/post assessment of WSP implementation
Ethiopia with both quantitative and qualitative data Kutane et al., 2016
Ital Management upgrade interventions and Lucentini et al.,
y subsequent monitoring plan 2016
Indonesia Pre/post assessment of WSP implementation Nurali et al., 2016

France, Spain

with both quantitative and qualitative data

Pre/post assessment of WSP implementation

Setty et al., 2017

with both quantitative and qualitative data

India, Democratic
Republic of the Congo,
Fui/Vanuatu

Pre/post assessment of WSP implementation  String and Lantagne,
with both quantitative and qualitative data 2016

Southeast Asia, Lao PDR, Pre/post assessment of WSP implementation ~ Thompson et al.,
Thailand with both quantitative and qualitative data 2016

Source: Khatri (2016); Kumpel et al. (2016); Kutane et al. (2016); Lucentini et al. (2016a); Nurali et al. (2016);
Setty et al. (2017); String and Lantagne (2016); Thompson et al. (2016).

Even if some circumstances, such as water system partitioning as in Ciaponi et al. (2016),
help the implementation of the WSP, these experiences highlighted the fact that WSPs can be
applied to all DWSSs, regardless of their size or complexity (Lucentini et al., 2016Db).
Moreover, WSPs can be applied in developing countries and offer significant cost savings in
water quality control (Rondi et al. 2015).

This study shows the WSP development for the DWSS of a town in northern Italy. Even
though this DWSS is in full compliance with Italian regulations pertaining to water for human
consumption (Italy, 2001), this case was chosen due to its representativeness in northern Italy,
especially in the Po Valley, where many groundwater sources present similar critical
contaminants such as ammonia, manganese, iron and, sometimes, arsenic.

This study shows one of the first Italian case studies of a WSP proposal, highlighting the
benefits and critical aspects of this approach.
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2. MATERIALS AND METHODS

2.1. Mortara (Pavia) drinking water supply system

The DWSS of Mortara, a town of 15500 inhabitants, located in northern Italy, consists of
three DWTPs, each treating groundwater (average treated flow 11-28 L s) containing the
following main contaminants: arsenic, iron, manganese and ammonia. Two of the three DWTPs
have the sequence of treatments reported in Figure 1. The other one doesn’t have mixed
Granular Activated Carbon (GAC)/sand filtration treatment. Disinfection with NaClO is carried
out if necessary.

Emergency disinfection with NaClO

FeCl, |
‘_L( Mixed I distribution
groundwater —>| pre-oxidation biofiltration |—' ?;:;fft’?;r? network

Figure 1. Schematic diagram of Mortara DWTPs.

Treated water flows into an 84-km interconnected distribution network, whose main pipe
materials are polyvinyl chloride (28%), high-density polyethylene (25%), fiber cement (31%),
steel (0.5%) and cast iron (0.4%). The 2013-2016 averages of monitored data of the Mortara
DWSS are reported in Table 2.

Table 2. 2013-2016 averages of monitored data of the Mortara DWSS.

2013-2016 Raw Water Onidation OUT biofization OV BAERand - JeIED 5&?5'28'83
Monitoring Data
Plant 1
Fe [ng L] 77 72 285 25 200
Mn [pg L] 98 97 5.6 11 50
Astor [ug L] 10.5 10 9.7 75 10
NHs* [mg LY 0.8 0.9 0.3 0.01 0.5
Plant 2
Fe [ug LY 69 66.5 10.5 44.3 200
Mn [pg L] 94.5 95 1 1.03 50
Astor [ug L] 9.7 10.1 9.6 75 10
NHs* [mg LY 0.7 0.8 0.03 0.01 0.5
Plant 3
Fe [ug L] 76.5 79.5 23 200
Mn [pug LY 164.5 176.5 1 No GAC/sand 50
Asror [ng L] 5.2 5.6 5.5 fiation 10
NH4* [mg L] 0.4 0.3 0.04 0.5

Source: Italy (2001).

2.2. Methods

The WSP of the DWSS of Mortara was developed according to the WHO guidelines and

to the Italian Institute of Health guidelines (Bartram et al., 2009; Lucentini et al., 2014). The
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WSP included the following steps: (i) formation of a multidisciplinary team that involved a
DWSS utility manager, researchers, and environmental and health protection agencies; (ii) a
description of DWSS carried out by on-site field checking, historical data analysis, and flow
diagram development; (iii) identification of hazardous events, associated hazards and risks by
means of the application of a semi-quantitative risk matrix approach (Table 2); (iv)
identification and validation of control measures and risk reassessment; (v) development of an
upgrade plan with new control measures to reduce risk rating; (vi) development of a monitoring
plan that establishes what will be monitored, how it will be monitored, the frequency of
monitoring, who will do the monitoring, and critical limits and related corrective actions; (vii)
development of a verification plan to control the WSP’s effectiveness.

The approach based on the What-If/Checklist Analysis was applied in order to assess the
risk. This method is a team-based, structured hazard analysis that combines the brainstorming
aspects of the What-if with the systematic approach of the Checklist. To structure the analysis,
typical hazards were analyzed, such as chemical, physical and microbial contamination, failures
and insufficient water events. According to the WHO guidelines, the semi-quantitative risk
matrix approach was used, estimating the likelihood of occurrence of each hazard and
evaluating the severity of consequences if the hazard occurred. These factors were classified as
reported in Table 3, and the classification of the severity of consequences was based on
contaminant compliance with national regulations on drinking water quality and human health
effects (Table 3).

Table 3. Definitions of likelihood of occurrence and severity of consequences.

Likelihood

1. Rare: once every 5 years
2. Unlikely: once a year

3. Moderate: once a month
4. Likely: once a week

5. Almost certain: once a day

Severity of Consequences

1. Insignificant or no impact: no water contamination and no human health effects

2. Minor impact: temporary non-compliance of some physical parameters with no direct link to
human health effects

3. Moderate impact: long non-compliance of some physical parameters with no direct link to human
health effects

4. Major impact: non-compliance of some chemical parameters with direct link to long term human
health effects

5. Catastrophic impact: non-compliance of some chemical and/or microbiological parameters with
direct link to long and/or short-term health effects

AR Rev. Ambient. Agua vol. 12 n. 4 Taubaté — Jul. / Aug. 2017
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The risk was calculated as the product of likelihood and severity of consequences
(Table 4).

Table 4. Semi-quantitative risk matrix approach (adapted from WHO, 2004).

Severity/consequence

1 2 3 4 5
Rare (once every 5 years) 1 1 2 3 4 5
Unlikely (once a year) 2 2
Moderate (once a month) 3 3
Likely (once a week) 4 4 16
Almost certain (once a day) 5 5 20

Risk score <6 >15

Risk rating Low Very high

3. RESULTS

3.1. Identification of hazardous events, hazards and risk assessment

The potential hazardous events and all related potential physical, biological, chemical or
radiological hazards associated with each step in the DWSS were identified. Table 5 shows an
example of risk assessment before consideration of the current control measures.

Table 5. Examples of risk assessment before considering current control measures.

R rating
Process step Hazardous event Hazard type L S Rscore gtgfscztrjiring
controls)
Catchment Pump failure Insufficient water 2 3 6 Medium
Check valve failure/rupture  Insufficient water 1 3 3 Low
Pipe joint failure/rupture Chemical/physical/microbial 1 5 5 Low
Pre-oxidation Air compressor failure Chemical 1 2 2 L
Biofiltration fheee:c}ftgr:f the innerwall of oo nical/physical 2 4 8
Precipitation with FeCls  Dosage pump failure Chemical 2 4 8
Sand/GAC filtration Blower failure Chemical/physical 1 4 4 Low
Disinfection Disinfectant overdosing Chemical 2 4 8
Internal plant network Biofilm erosion Microbial 2 5 10
Tank Unprotected openings Chemical/physical/microbial 4 5 20 Very high
Vandalism Chemical/physical/microbial 1 5 5 Low
Distribution network Biofilm erosion Microbial 4 5 20 Very high
Vandalism Chemical/physical/microbial 3 5 15

Note: L = likelihood; S = severity; R = risk.

Rev. Ambient. Agua vol. 12 n. 4 Taubaté — Jul. / Aug. 2017
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For example, at the catchment, the pump drawing water from the well to the treatment
plant could malfunction. In this case, there is no water supply to the plant. The severity of
consequences is 3 (moderate impact). According to the information reported by DWSS utility
manager, the likelihood of occurrence is once a year (unlikely, 2). So, the calculated risk is
medium (2 x 3 = 6). Furthermore, at the biofiltration, the inner wall of the filters could peel-off.
In this case, there is chemical/physical contamination, due to the presence of iron and cement
mortar in the water at the filter outlet. The severity of consequences is 4 (major impact) because
iron and cement mortar are associated with chemical contamination. According to monitoring
data (Figure 2) and information reported by the DWSS utility manager, the likelihood of
occurrence is once a year (unlikely, 2). Figure 2 shows the 2013-2016 average iron
concentrations at the inlet and outlet of biofiltration. The outlet concentrations are
lower than the inlet ones, but iron is not completely removed. Therefore, the presence of
residual iron at the outlet of biofiltration is an indicator of possible peeling-off of the filter wall.
According to these data, the assigned likelihood value is 2. Finally, the calculated risk is
medium (2 x 4 = 8).

2013-2016

100
PLANT 1 PLANT 2 PLANT 3

90
80
70 66.5
60

50

Fe [pg/L]

40

28.5
30

20
10.5

IN BIOFILTRATION ~ OUT BIOFILTRATION  IN BIOFILTRATION  OUT BIOFILTRATION  IN BIOFILTRATION  OUT BIOFILTRATION

10

Figure 2. 2013-2016 iron average concentrations.

In this first risk assessment, 130 hazardous events (24 at the catchment, 88 at the treatment
and 18 in the distribution network) and 148 hazards were analyzed (29 at the catchment, 98 at
the treatment and 21 in the distribution network).

Typical challenges arose from this work, also in accord with Bartram et al. (2009),
regarding:

e The possibility of missing new hazards and hazardous events. The risk assessment
provides a ‘point in time’ picture of the system. Thus, it should be reviewed on a regular basis;
for example, once a year, and/or in case of plant upgrade or incidents.

e Uncertainty in assessing risks due to lack of data, poor knowledge of activities within
the water supply chain and their relative contribution to the risk generated. In this work, this
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problem was overcome thanks to the collaboration of the DWSS utility manager in the WSP
development. According to Gunnarsdottir et al. (2012), this aspect is important for the
successful operation of a WSP.

e Properly defining likelihood and consequence with sufficient detail to avoid subjective
assessment. Again, the importance of engagement activities of the DWSS utility manager and
personnel represent an interesting solution.

Once hazardous events and hazards were identified and ranked according to their
likelihood and severity, a first cut-off was applied: risks with low ratings were documented and
kept under review, in order to develop the subsequent steps of the procedure only for risks that
require further action, so with medium, high and very high ratings. Low ratings with
catastrophic impact (severity rating 5) were also carried on. After this first cut-off, 97 hazardous
events (21 at the catchment, 58 at the treatment and 18 in the distribution network) and 106
hazards (24 at the catchment, 6lat the treatment and 21 in the distribution network) were
considered, reducing them by 25% and 28%, respectively, from the first risk assessment step.

3.2. Determination and validation of control measures, risk reassessment and
prioritization

Current control measures were identified and validated, and risks were reassessed for each
hazardous event and hazard considered after the first cut-off (Table 6).

The control measures were validated by means of site inspections and verifying the
performance of the technologies and the monitoring data. This validation method included
qualitative checks and measures, such as the regular inspection of catchment areas as well as
continuous on-line monitoring (Hamilton et al., 2006). The validation was considered
ineffective if a control measure did not function properly, or if non-compliance of water quality
parameters with Italian regulations was verified or if a technology performed effectively.

As shown in Table 4, for example, at the catchment pump operation is controlled by remote
control and by periodically in situ inspections; moreover, there are two pumps operating in
active reserve, so that if one pump does not work, water drawing is guaranteed by the other
pump. These three control measures were validated and the results showed that they are
effective. Therefore, the likelihood of this hazardous event and hazard can be reduced from
unlikely to rare, and the risk rating becomes low.

In some cases, the risk reduction often represented a critical issue because sometimes
control measures were in place but were not effective; thus, the likelihood could not be reduced.
Furthermore, the likelihood assessment, after considering control measures, could be quite
subjective. However, to be as objective as possible, the WSP team used historical monitoring
data and the information provided by the DWSS manager.

Again, the WSP team documented and kept under review the risks with low ratings, in
order to develop the subsequent steps of the procedure only for hazards with medium, high and
very high ratings. After this second cut-off, 10 hazardous events (1 at the catchment, 4 at the
treatment and 5 in the distribution network) and 13 hazards (2 at the catchment, 5 at the
treatment and 6 in the distribution network) were considered, reducing them by 90% and 88%,
respectively, from the second risk assessment step.
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Table 6. Examples of risk assessment after considering current control measures.

R rating R rating
(before (after
Process step Hazardous event Hazard type L S Rscore - In-place control measure V L S Rscore S Proposed control measure
considering considering
controls) controls)
2 3 6 e 2 pumps working in active reserve E 1 5 5 Low Documented and kept
Pump failure Insufficient water Medium « Remote control E under review (2" cut-off)
e In situ inspection E
Check valve - Documented and kept under review (1% cut-off)
Catchment failure/rupture Insufficient water 1 3 3 Low
Pipe joint Chemical/physical/ 15 5 o Downstream flow measurement E 1 5 5 Low Documented and kept
H nd _
failure/rupture microbial Low . ;jl’:lri]\lje(:swnstream that ensures water under review (2" cut-off)
Pre-oxidation  Air compressor failure Chemical 12 2 Low Documented and kept under review (1% cut-off)
Peel-off of the inner e In situ inspection and maintenance E Low Documented and kept
Biofiltration . Chemical/physical 2 4 8 Medium e Gravel and plate at the base of the filter 1 4 4 under review (2" cut-off)
wall of the filters : E
to catch any material
o In situ inspection E 2 4 8 Medium e Jar test
N 2 4 8 e Pump revision e Sampling of water after
Precipitation . : .
with FeCls Dosage pump failure  Chemical Medium NE FeCls dosage '
e Pump connection to
remote control
?zlmd/GAC Blower failure Chemical/physical 1 4 4 Low Documented and kept under review (1% cut-off)
iltration
. - Disinfectant . . Disinfectant dosing control Documented and kept
Disinfection overdosing Chemical 2 4 8 Medium E 1 4 4 Low under review (2 cut-off)
Internal plant Biofilm erosion Microbial 2 5 10 High Downstream disinfection E 1 5 5 Low Documen_ted andd kept
network under review (2" cut-off)
Unprotected openings Chemical/physical/ 45 20  NSSRENSMERN o Grates that avoid animal entry NE2 5 10 High™ Installation of windows
Tank P PENINGS  icrobial MBSl - Downstream disinfection E that avoid animal entry
. Chemical/physical/ o In situ inspection E Low Documented and kept
Vandalism microbial 15 5 Low o Alarms g 1° 5 under review (2" cut-off)
Biofilm erosion Microbial 4 5 20 Very high Biofilm removal E 1 5 5 Low Documen_ted a”ﬁ'd kept
Distribution under review (2" cut-off)
. . e Rechlorination points in
network Vandalism Chemical/physical/ 3 5 15 High No controls in place NE 3 5 15 High the network

microbial

e In situ inspections

Note: V = validation; E = effective; NE = not effective; L = likelihood; S = severity; R = risk.

LR
e
L, Sy S

»,
W
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After risk assessment, an improvement/upgrade plan was developed. New control
measures were identified to reduce risks with medium, high and very high rating, for each
hazardous event and hazard considered after the second cut-off (Table 4). For example, in order
to control FeCls injection, the dosing pump could be connected to remote control that triggers
alarms if the pump is not working. Moreover, a jar test at laboratory scale can be performed in
order to verify the effectiveness of the arsenic precipitation process. The new control measures
proposed seem to be cost-effective and sustainable.

3.3. Development of a monitoring plan and verification of the WSP’s effectiveness

After identifying new control measures, a monitoring plan was developed, establishing
what will be monitored, how it will be monitored, the frequency of monitoring, where it will be
monitored and who will do the monitoring. Moreover, critical limits and related corrective
actions were established (Table 7). The critical limit of each water quality parameter was
conservatively fixed just below the regulation limit defined by Italian regulation (Legislative
Decree n. 31, 2 February 2001). The critical limit values were defined for each parameter after
a discussion within the WSP team based on the DWSS manager’s experience. The exceedance
of critical limits requires urgent corrective actions, defined to ensure safe water to users.
Therefore, corrective actions were discussed within the team for each hazardous event, and
might involve immediate notification to the local health authority and/or the application of a
contingency plan for an alternative water supply.

The example shown in Table 7 regards the monitoring of the precipitation process with
FeCls. The water utility manager should collect water samples at the outlet of the mixed
GAC/sand filters once a month and analyze the iron and arsenic concentration.

If iron results are over 140 pg L™, there might be iron deposits in the distribution network
pipes. Therefore, precipitation with FeCls must be verified and proper levels restored.
Furthermore, if arsenic results over the Italian regulation limit of 10 pg L?, the water utility
manager must verify the performance of the FeCls precipitation process.

The human resources to carry out monitoring and analysis (which has financial
implications) and the creation of good working conditions for control and monitoring are
important issues for the WSP’s success (Gunnarsdéttir et al., 2012; Kutane et al., 2016;
Lucentini et al., 2016a; Nurali et al., 2016; Setty et al., 2017; String and Lantagne, 2016;
Thompson et al., 2016). Moreover, changing the attitudes of personnel who conduct the
monitoring represents a challenge that can be solved by appropriate training. In this work, these
aspects were considered to improve the success of the WSP’s implementation.

After defining the monitoring plan, the effectiveness of the verification of the WSP was
developed. Verification involves the activities that are undertaken together to prove that the
WSP is working effectively. Compliance monitoring establishes what will be verified, how it
will be verified, the frequency of verification, where it will be verified and who will do the
verification.

For example, as concerns the chemical quality, concentrations of the main critical
pollutants (iron, arsenic, manganese and ammonia) at the outlet of the GAC/sand filters should
be monitored monthly. Regarding the microbial water quality in the distribution system, in
order to guarantee water safety to users, the water utility manager should monitor monthly
microbial pathogens, such as E. Coli, by collecting and analyzing water samples at the outlet of
the drinking water treatment plant and at different points of the water distribution network.
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Table 7. Example of monitoring plan of WSP. Precipitation with FeCls

Process step  What Where When How Who Critical limit g:cc;ir(r)?]ctlve
Precipitation  Arsenic . Sampling and test at  Water utility 1 FeCls dosage
with FeCls concentration After jar test Quarterly laboratory scale manager >10pg L optimization
At the outlet of Process
C_;AC/sand Monthly Sampl!ng and functionality
filters (after analysis restorin
FeCls dosage) g
At the outlet of Process
Iron _ C_;AC/sand Monthly Sampl!ng and Water utility >140pg Lt functionality
concentration  filters (after analysis manager h
restoring
FeCls dosage)
Verify the Validation of the - Remote
dosage pump S . - Water utility Remote control
- FeCls injection  Continuously data provided by : control
connection to manager failure .
remote control restoring
remote control
Verification of Process
Distribution  rechlorination  Distribution Residual chlorine Water utility Not appropriate . .
. Yearly - functionality
network point network measurement manager operation restoring

functionality

After creating the monitoring plan, a verification plan was developed establishing what
will be verified, how it will be verified, the frequency of verification, where it will be verified

and who will do the verification (Table 8).

Table 8. Example of verification plan.

What Where When How Who
Chemical parameters . . -
(As, Fe, Mn, NHz) At the outlet of GAC/sand filters Monthly ~ Onsite  Water utility manager
E. Coli concentration At the outlet of DWTP Monthly ~ Onsite  Water utility manager

Remote control link In the plant and distribution network  Annually

Onsite  Water utility manager

The example shown in Table 8 regards the verification of the microbial water quality in the

distribution system, in order to guarantee water safety to users. The water utility manager should
monitor monthly microbial pathogens, such as E. coli, by collecting and analyzing water
samples at the outlet of the drinking water treatment plant and at different points of the water
distribution network.

4. CONCLUSIONS

The WSP for the town of Mortara is a risk-assessment process discussed and shared with
the water utility manager. It is an important tool for the manager from an operational and
management perspective. Moreover, risks that never occurred in the DWSS were evaluated and
specific risk-management procedures were developed. Critical points of the DWSS were
identified and control measures were proposed to improve water quality.

Overall, many benefits were realized by the implementation of a WSP in the Mortara
DWSS. The WSP reduced public health risks, ensured better compliance of the water quality
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parameters with regulatory requirements, increased the confidence of consumers, and improved
resource management due to intervention planning. The utility manager is already moving to
adopt some of the new control measures the WSP team proposed within this work.
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