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Abstract
Background: Water safety plan is a systematic approach to ensure the quality of water delivered to 
consumers from catchment to consumption.
Methods: This study was conducted on the groundwater system of Talesh, Gilan, in 2020-2021. 
A Water Safety Plan (WSP) consists of 5 phases and 12 steps. In the implementation of this plan, all 
modules were reviewed. Software checklists were prepared and based on the background information 
in Talesh Water and Wastewater Company, interviews with experts and field visits were performed, and 
then, entered into WSP QA TOOL software. 
Results: Out of 440 raw scores, 222 points were obtained, indicating 50.45% compliance with WSP. The 
description system with the highest score (100%) and the management procedures with the lowest score 
(50%) were in line with this plan. The stages of development and supporting program and review of 
WSP cannot be evaluated due to the incomplete implementation of water safety plan in Talesh. Between 
different parts of the water supply system, more attention has been paid to production sources and 
points of use.
Conclusion: This study identifies the inefficiency in dependence on the final tests and the necessary 
items in updating the supply system of Talesh. According to the study of the different stages of WSP, the 
system has a moderate level of safety.
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Introduction
Providing safe drinking water in developing countries is 
essential for survival (1,2). Therefore, sufficient, safe, and 
accessible water is the right of all human beings (3). Lack 
of safe drinking water can cause a variety of diseases (4). 
The introduction of various chemicals into drinking water 
following the advancement of science and technology in 
the twentieth century was one of the important reasons 
for the transmission of waterborne diseases (5,6). The 
presence of chemical compounds in water such as nitrate, 
nitrite, fluoride, and lead was the cause of 34 diseases in 
the United States, according to the report of Centers for 
Disease Control and Prevention (7,8). Ten percent of the 
world’s under-five mortality is due to diarrhea (6). 

Therefore, due to the importance of having access to safe 

drinking water in the daily life of every human being, it is 
one of the goals of sustainable development of all societies 
until 2030 (3). In order to make sure the safety of drinking 
water in Stockholm in 2001, a framework consisting of 
goals based on health, water safety plan and guidelines 
relative to the quality of drinking water was presented 
(9, 10). Subsequently, the World Health Organization 
(WHO) introduced the Water Safety Plan (WSP) in 2004, 
which marked the largest change in global attitudes about 
how water resources are managed (11, 12). 

One of the goals of the WSP is to manage the supply 
of safe drinking water from the source of production 
to the point of consumption (13). The WSP has been 
performed in various parts of the world (93 countries) 
and is being developed in 69 other countries as a policy 
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or regulatory requirement (12,14). In Iceland, after the 
implementation of the plan, a significant reduction in 
diarrheal diseases was observed (15). Uganda launched 
a WSP earlier than any other country on the African 
continent (13). Isfahan’s drinking water supply system in 
Iran as a pilot in 2011 implemented a water safety plan 
(14). The main aim of WSP is to prevent contamination 
of raw water sources, to eliminate water contamination 
by treatment, and to prevent secondary contamination 
during storage, distribution, and use (16-19). That is the 
reason for the superiority of this plan over traditional 
methods of water quality assessment. In the traditional 
method, the process of sampling and analysis of results is 
time consuming and always reports past water quality and 
cannot predict the occurrence of accidents in the water 
supply system to minimize risks (12,20). While WSP has 
a preventive management approach that includes three 
main components: Health goals, a water secure program, 
and an independent supervision system (20,21-23). 

In order to evaluate the various stages of water safety plan 
implementation, in 2010, the WHO and the International 
Water Association (IWA) introduced a software called 
Water Safety Plan Quality Assurance Tool that includes 5 
phases of 12 stages (Table 1), which seems to be not used 
in many countries due to the novelty of this software. This 
software has a powerful tool in identifying the stability 
and infirmity of each step of the WSP and it was used in 
the present study (24-26). Therefore, the aim of this study 
was to appraise the implementation of water safety plan, 

specify the stability and infirmity in each stage of the 
drinking water supply system, and determine the areas 
required for upgrading in water supply systems in Talesh. 
This study was suggested to identify the weaknesses and 
preventable points in the water supply system of Talesh, 
and highlight the need to change the existing attitude 
and the value of WSP in increasing the drinking water 
quality index. In addition, considering potential risks, 
appropriate solutions to reduce these risks in urban water 
supply systems will help (27).

Materials and Methods
This study was conducted on the water supply system in 
Talesh in 2020-2021. Talesh is one of the western cities 
of Gilan province located in the north of Iran with an 
area of 1427 km2 and a quarter of the province and a 
population of 59 156 people in 2019. Figure 1 shows the 
location of Talesh on the map. The city is geographically 
located with a length of 48.906337 degrees, latitude 
37.796390 degrees, and altitude 56 meters above sea level. 
The city uses groundwater resources for drinking water. 
Currently, 15 deep wells with a flow rate of 20736 m3/s 
are used to supply drinking water. The length of the water 
transmission line of this city is 14.5 km and the length of 
the water distribution network is 138 km. 24.65% of the 
water of these sources is removed from the consumption 
cycle due to being thrown out.

The WSP is a systematic guide to prevent water 
pollution with the purpose of provided safe drinking 

Table 1. Different stages of water safety plan

Stages Description of Steps

WSP team This team consists of experienced and specialized people in the field of water extraction, treatment and distribution, as well as 
familiarity with potential hazards from supply sources to the point of consumption.

System description
All four parts of supply sources, treatment plant, transmission and storage system and distribution and consumption of water 
supply system are studied. The aim of this study is to make sure that the quality index of raw water and treated water was 
documented, which enables adequate risk management and assessment.

Hazard identification and 
risk assessment

Hazards (physical, chemical, biological) and hazardous accidents are identified in catchments, treatment plant, reservoirs, 
distribution systems, and points of use. Risks are scored and prioritized based on the matrix.

Control and validation 
measures

At the same time as identifying hazard and assessing risk, the WSP team should propose risk mitigation measures through 
field observations, characteristics of water produced, or monitoring of data. The effectiveness of each control criterion must be 
determined by its position in the water supply process, which is called validation.

Development of 
improvement plan

Risks that have been identified in the prior stages and the current control measures have not reduced their amount or do not 
exist at all, require a short-, medium- or long-term recovery plan.

Operational monitoring Objectives of the operation monitoring program; validation, proof of efficiency, and proof of continuity of operation are all 
control measures based on the field and computational observations.

WSP validation Processes indoor and outside audits and consumer consent assessments ensure that the system has the ability to continuously 
deliver high quality water in order to meet health-oriented goals.

Management instructions The types of operating methods that are in operation under normal conditions and the occurrence of system crashes, are the 
main components of WSP. These instructions should be prepared by experienced staff and should be updated if necessary.

Development of support 
programs

Support programs are activities that will lead to the increase of human knowledge and skills, obligation to the implementation 
of the water safety plan, and increase in the management capacity of the system for safe water delivery.

WSP review In addition to periodic review, the safety plan team reviews the period by analyzing the collected data.

WSP investigation 
following an accident

In order to investigate and identify new hazards, hazardous events or failure of control measures, the water safety program is 
reviewed after emergencies.
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water that increase consumer confidence. This plan is a 
powerful tool for preventive measures and ensuring the 
quality of drinking water, which uses assessment and 
risk management methods. In the early stages of water 
safety plan development, this tool can be used as a guide 
to evaluate how to implement the plan. In this study, this 
tool feature was used. Initially, quality assurance tools 
and checklists were developed. This checklist contains 
85 questions in the form of 12 tables and is completed 
based on the information history of Talesh Water and 
Wastewater Company, interviews with experts, and field 
visits. 

After completing the checklists, the answers given to 
each section are entered into WSP QA TOOL according 
to the instructions, and the results are displayed in the 
form of tables and graphs. The main part of the software 
was entered. The second part of the software is about the 
overview and instructions for using the tools and general 
structure of the software and who should use the tool, how 
and when data are entered quantitatively and qualitatively 
into the WSP QA TOOL. Therefore, in the third part, 
quantitative and qualitative data are entered in 12 tables 
based on the completed checklist. The tables consist of a 
number of specific topics, question options, and a guide to 
how to answer the questions. Answering a few questions 
should be continuous due to the relationship between 
them. When entering the answer to the checklist to the 
software, the scoring system is used according to the 
instructions. The software scoring method is a 5-point 
system (0 to 4). Table 2 shows how to score the questions.

The scores of Table 3 of the present study and the 
percentage of advancement in implementation for each 
stage are determined based on the relationships specified 
in the tool. The output of this tool can be viewed in WSP 
order at any time and will identify the points that need 
correction. The scores in this table are calculated from the 
following equations.

Possible raw score = Number of question options × 
Maximum possible score for option (1)

Points earned = Number of questions × Score (2)
Percentage of performance progress = (Total points 

earned ÷ Total possible raw score) (3) 

Results
In this study, after entering the data, the data were 
analyzed using WSP QA TOOL, and the results are shown 
in tables and figures. These tables and figures will help 
the drinking water supplier of Talesh water supply system 

Figure 1. Geographical location of Talesh in Iran.

Table 2. How to score the tool questions

Title Score

An action, process, or stage that has not yet begun. 0

An action, process, or step that its implementation has just 
begun. 1

An action, process, or step that has been partially completed 
and documented. 2

An action or process or step that has been substantially 
completed and documented. 3

An action, process or step that is quite implemented and its 
documentation is easily visible. 4
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to identify strengths and weaknesses. Table 3 shows the 
overall evaluation of all WSP stages by each stage and 
the scores earned. Execution percentage in Talesh shows 
50.45% coordination with water safety plan.

Because there is no treatment plant in Talesh, analysis is 
not possible at this stage and the WSP results for production 
sources, distribution network, and consumption point are 
presented in Figures 2-4.

As can be seen in Figure 2, hazard identification and 
risk assessment with 100% had the highest score and 
coordination in implementation with the water safety 
plan, and because WSP is not fully implemented in Talesh, 
the steps of improvement plan and review of the WSP 
have no points.

According to Figure 3, the risk assessment stage 
(100%) and hazard identification (90%) had the highest 
coordination score with WSP and operational monitoring 
(43.75%) had the lowest one. 

According to Figure 4, the steps of stakeholders 
identification and risk assessment (100%) had the highest 
implementation coordination with WSP.

Figure 5 shows the third step in WSP, which is related 

to hazard identification and risk assessment. This stage 
includes 3 parameters of stakeholder identification, 
hazard identification, and risk assessment. The risk 
assessment stage has the highest score (80%). The hazard 
identification and risk assessment phase obtained 69 
points out of a total of 100 raw scores, which indicates 69% 
coordination and progress of the third step with WSP.

According to Figure 6, in the water supply system of 
Talesh city, more attention has been paid to the source of 
supply and point of consumption than to the distribution 
network.

One of the most important steps in implementing a water 
safety program is validation; because the correctness of the 
program is ensured regularly and accurately. Validation of 
the three components of compliance monitoring, internal 
and external audits to confirm operational activities and 
assess customer satisfaction. All three above-mentioned 
steps must be performed simultaneously to have effective 
results in WSP. According to Figure 7, the audit and 
handling of consumer complaints with 100% and validation 
monitoring with 95% progress, and according to Table 3, 
the validation steps were 96.88% in accordance with WSP.

Table 3. Total evaluation of WSP stages and its results in Talesh water supply system in 2020-2021

Overall progress according to the water safety plan (Tables 3-12) in Talesh city

Table Number of questions Total possible score Score (% executed)

Table 3- WSP team 5 20 16/20 (80%)

Table 4- System description 2 8 8/8 (100%)

Table 5- Hazard identification and risk assessment 7 100 69/100 (69%)

Table 6- Control and validation measures 5 68 39/68 (57.35%)

Table 7- Development of improvement plan 3 48 -

Table 8- Operational monitoring 4 64 35/64 (54.69%)

Table 9- WSP validation 8 32 31/32 (96.88%)

Table 10- Management instructions 3 36 18/36 (50%)

Table 11- Development of support programs 2 8 6/8 (75%)

Table 12- WSP review 5 56 -

Total 44 440 222/440 (50.45%)

Figure 2. Total assessment of the WSP stages and the results for drinking 
water supply sources in Talesh city in 2020-2021.

Figure 3. Total assessment of the WSP stages and results for drinking 
water supply distribution network in Talesh city in 2020-2021.
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Figure 4. Total assessment of the WSP stages and the results for drinking 
water consumption points of Talesh city in 2020-2021.

Figure 5. The rate of the WSP implementation in the hazard identification 
and risk assessment phase of the drinking water supply system of Talesh 
city in 2020-2021.
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Figure 6. The progress in the overall performance of the WSP stages in 
the main components of the Talesh water supply system in 2020-2021.

Figure 7. Performance of WSP in the validation phase of the drinking 
water supply system of Talesh city in 2020-2021.
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Discussion
The water safety plan provides a systematic approach to 
ensure the quality of water distributed to consumers. For 
this purpose, special attention should be paid to the water 
source, treatment, storage, and distribution of treated 
water. This plan is based on a general risk assessment that 
can strongly affect the quality of water distributed to the 
consumer. Vietnam has implemented a water safety plan 
in its municipal water supply systems since 2008, and the 
results of this plan showed an increase in water quality, 
an increase in customer satisfaction, and a reduction in 
water-borne diseases (28). 

Therefore, in the present study, WSP has been used 
to identify the risks and potential hazards threatening 
water safety in the supply system of Talesh. In addition, 
out of 440 complete score of the program, 336 score were 
applicable, of which 222 scores were obtained and show 
50.45% compliance with WSP. System description with 
100% and management methods with 50% showed the 
highest and lowest compliance with WSP, respectively. 
A study by Eslami et al, the steps of system description 
and management procedures obtained the highest and 
lowest scores with 87.5% and 25%, respectively, which is 
consistent with the results of the present study (28). 

A study by Baum et al showed that the system 
description stage is related to drinking water laws in the 

United States (29). “Development and improvement plan” 
and “periodic review” are not evaluable due to the lack 
of full implementation of WSP in Talesh and are shown 
without a score. In the study of Aghaei et al, “development 
and improvement plan” and “periodic review” cannot be 
evaluated due to the lack of full implementation in Ardabil 
city, which is consistent with the results of the present study 
(30). Management procedures are serious, but they are not 
given much attention here. The guidelines are consisted 
of standard operating procedure and reformative actions. 
When there is no remedial action, unexpected events may 
occur in the water supply systems. These instructions are 
prepared by skilled personnel and are edited and updated 
in times of crisis (28). 

Talesh water supply system consists of supply sources, 
transmission lines, distribution network, reservoirs and 
water consumption point. The scores of each department 
are 64%, 48%, 64%, and 154 points out of 352 total points, 
respectively, which shows the organization’s more attention 
to the source of production and point of consumption. 
According to the study, the treatment plant and distribution 
network in France and the water supply source in Spain 
received the highest attention (27). Due to the high costs 
of installation and maintenance, less attention is paid to 
the distribution network of Talesh, and this affects the 
final quality of water delivered to consumers. In a study by 
Nijhawan et al on the India Nagpur large pipelines, it was 
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revealed that the distribution network was worn out and 
vulnerable (31). 

The various components of the water supply system 
show that in these four sections, as well as the evaluation 
of the overall implementation of the plan, some 
parameters such as “Development of improvement plan” 
and “WSP review” were not scored due to incomplete 
implementation of the plan. Identification of hazards at 
the source, risk assessment at the source, distribution 
and consumption point have earned full marks, which 
indicates the consideration of the water organization to 
identify hazards and risk assessment. A study by Baum 
et al highlighted the significance of risk assessment 
and management, which increases confidence in safe 
drinking water (32). The risk identification and risk 
assessment stage in the present study obtained 69 points 
out of a total of 100 raw scores, which indicates 69% of the 
implementation progress in WSP. According to the results 
of a study in Japan, the most important parameter is the 
hazard identification and risk assessment stage in the 
water safety plan (33). In a study conducted by Rickert et 
al, the highest point was obtained for the risk assessment 
step in accordance with water safety (34).

The validation stage with three parts, validation 
monitoring with 95% score and consumer audit and 
complaint with 100% and the validation phase score 
of 96.88%, has the necessary coordination with the 
water safety plan. The validation stage after the system 
description has the highest score in Talesh, which shows 
the importance of controlling the final product in the 
WSP of Talesh. The main problem of the current approach 
to water quality management in Talesh is that the supplier 
organization focuses more on the validation stage and 
relies on ultimate product tests, and less attention is paid 
to other stages. In the study of Mortazavi et al, considering 
the overall advance of the water safety plan in Torbat-e 
Jam and the special attention of water organization to the 
control of the final product for integrated management, 
this plan does not have full and comprehensive efficiency 
(35). 

This study showed that according to the score (50.45%) 
of WSP and the attention of water organization to the 
health of the water produced for the consumer, the system 
currently has a medium security. The prevailing control 
approach has the necessary efficiency for the unified 
management of water supply system in Talesh. The overall 
assessment of the WSP stages in the Zanjan drinking 
water supply system showed that 52.95% have a water 
safety plan (36).

Conclusion
In addition to identifying the water supply system needs 
for upgrading, this study highlights the dependence on 
the final product test. Due to the effects of WSP on the 
status of water from the sources of supply to the point of 

use, the implementation of this program is recommended 
to water supply organizations as the most efficient tool to 
ensure security in water supply. In the analysis of drinking 
water quality in Talesh during the research period, no 
cases outside the standard were observed. 

Therefore, due to the lack of full implementation of the 
safety plan, there is a possibility of unsanitary accidents. 
Employees are informed of the dangers of the system, 
but due to the lack of facilities, it alone cannot hamper 
incidents. Due to the total use of different stages of WSP, 
the system has currently a moderate security. Due to 
the higher score, some steps such as system description, 
validation, supporting programs, hazard identification, 
and risk assessment increase the inflexion of the system to 
change the traditional approach to WSP.
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