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Glossary 

ADWG Australian Drinking Water Guidelines 

CFD Computational fluid dynamics 

Ct Product of residual disinfectant concentration, C (mg/L), and 

contact time, t (minutes), used to quantify exposure to a 

chemical disinfectant 

DBP Disinfection by-product 

DPD N,N-diethyl-p-phenylenediamine 

DWD Drinking Water Directive 

DWI Drinking Water Inspectorate 

DWSNZ Drinking-water Standards for New Zealand 

EU European Union 

FAC Free available chlorine 

GAC Granular activate carbon 

HAA Haloacetic acid 

HRT Hydraulic residence time (volume/volumetric flow rate) 

HWT Household water treatment 

LA 

NTU 

Local authority 

Nephelometric Turbidity Unit 

NL DWD Netherlands Drinking Water Directive 

OSE On-site electrolysis 

PCV Prescribed concentration or value 

POE Point of entry 

POU Point of use 

PWS Generic qualifier for private water supply Regulations in 

England and Wales, or where there is equivalence between a 

particular Regulation in England and Wales 

PWS(E) Specific qualifier for private water supply Regulation(s) in 

England 

PWS(W) Specific qualifier for private water supply Regulation(s) in Wales 

RO Reverse osmosis 

SDD Single domestic dwelling 

THM Trihalomethane 

USEPA United States Environmental Protection Agency 

VOC Volatile organic compound 

WSQ Generic qualifier for public water supply Regulations in England 

and Wales, or where there is equivalence between a particular 

Regulation in England and Wales 

WSQ(E) Specific qualifier for public water supply Regulation(s) in 

England 

WSQ(W) Specific qualifier for public water supply Regulation(s) in Wales 
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Summary 

i Reasons 

Regulatory sampling of drinking water in England and Wales for 2017 showed greater than 

99.96% compliance with microbiological standards on public water supplies. In comparison, 

7.3% of samples from private supplies contained E. coli and 7.4% contained enterococci, with 

the majority of failures occurring in supplies which had treatment. The current regulations do 

not require private water supplies to be disinfected but where disinfection is used it must be 

verified. The failure rate suggests that where disinfection is being applied it is not always 

effective in removing or inactivating potentially harmful microorganisms. The aim of this 

project was to investigate how the implementation of chemical disinfection by private water 

supplies might be improved; the application of UV disinfection in private supplies was 

investigated in previous work.  

ii Objectives 

The objectives of this study are to:  

1. Establish the range of different chemical disinfection types used on public and private 

supplies in England and Wales, and establish the critical differences in functionality and 

application.  

2. Review international standards for chemical disinfection systems to compare validation 

criteria and identify which criteria would demonstrate suitability for use in private 

supplies.  

3. Produce simple guidance for private supply owners/users and local authorities to help 

in the selection and assessment of chemical disinfection systems used in private 

supplies. 

iii Benefits 

This project will inform and aid future decisions about the regulation of private water supplies. 

It will also support the owners/users by providing a better understanding of current disinfection 

regimes and best practice in this area. It will provide insight into how the quality of private 

supplies may be improved. 
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iv Conclusions 

Validation and verification 

Tasks 4 and 5 of this project refer to the validation of chemical disinfection systems. 

‘Validation’ is considered to mean a practical demonstration that a system can achieve some 

stated performance objective under defined operating conditions. In the context of 

disinfection, this objective would be expressed in terms of inactivation or removal of some 

specified micro-organism(s). ‘Verification’ refers to demonstrating that the operating 

conditions necessary to assure disinfection are being maintained. There is sufficient 

accumulated knowledge of the efficacy of chlorine (and chlorine dioxide) for the operating 

conditions necessary for practical disinfection objectives to be understood, and hence for 

such chemical disinfection systems it is appropriate to focus on verification to demonstrate 

performance rather than validation. 

Chemical disinfection in UK public supplies 

The use of chlorine for primary chemical disinfection of public water supplies is universal. 

In terms of quantity used, chlorine gas is the most common source, followed by commercial 

sodium hypochlorite and on-site electrolysis (OSE) generated sodium hypochlorite. 

The Ct concept, where Ct denotes the product of chlorine residual, C, and contact time, t, is 

widely used by water companies in the determination of appropriate conditions (in relation to 

exposure to chlorine) for achieving disinfection.  

Contact time is normally provided by a designed-for-purpose contact tank. 

Chlorine dose is automatically controlled, typically based on continuous monitoring of residual 

concentrations at both the inlet and outlet of the contact tank. Dose is also flow-paced. 

Turbidity is continuously monitored, typically at both the inlet and outlet of the contact tank, to 

verify compliance with the regulatory requirement to ensure turbidity is below 1 NTU during 

disinfection. Dual- or triple-validated instruments are used to measure residual concentration 

and turbidity for control and/or verification purposes. It is usually the case that pH and 

temperature are also monitored continuously. 

It is normal practice for water companies who use sodium hypochlorite to take steps to limit 

decay of the product during storage. 

All water companies who use commercial sodium hypochlorite specify ultra-low bromate 

product. Those using OSE-generated sodium hypochlorite specify low bromide salt. 
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Chemical disinfection in private supplies 

Commercial sodium hypochlorite is the most commonly used chemical disinfectant for potable 

water supplies. OSE-generated sodium hypochlorite and chlorine dioxide are also used. 

Chlorine dioxide is commonly used for supplies provided for food and drink processing. 

Private supplies are unlikely to incorporate a purpose-designed contact tank to provide the 

contact time for disinfection. Contact time is likely to be provided by storage tanks or 

reservoirs. 

Chemical disinfection of private supplies is likely to be operated on the basis of maintaining a 

target residual concentration entering the distribution system. 

Community supplies (those serving only, or predominantly, domestic properties): 

 are likely to be reliant upon manual sampling to monitor residual disinfectant 

concentration; 

 are unlikely to routinely monitor any other water quality parameter; 

 are unlikely to include any remote monitoring or detection of failures (such as devices 

that might provide automated warning of power outages); 

 often have a long history and incorporate legacy infrastructure, notably service 

reservoirs, the condition of which can be difficult to assess.  

Commercial supplies (those operated by commercial entities to serve their commercial 

activities): 

 are likely to include continuous monitoring of residual disinfectant concentration;  

 are likely to monitor residual concentration, and other operational parameters, remotely; 

 are likely to sample for water quality parameters other than residual disinfectant 

concentration, including for microbiological analyses. 

Some users of commercial sodium hypochlorite are storing high-strength (14%) solutions for 

up to 6 months. The release of chlorate from hypochlorite decay over this length of time has 

implications under the current regulatory requirement to minimise formation of disinfection by-

products, but will potentially be a more significant issue if a prescribed concentration or value 

(PCV) for chlorate of 0.25 mg/L is introduced into UK water quality regulations as a 

consequence of proposed changes to the Drinking Water Directive (DWD) by the European 

Union. 
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Where chlorine dioxide is used, there is often no monitoring of chlorite or chlorate, either by 

the local authority or the operator of the supply. 

Risk assessments by local authorities (LAs) are a valuable mechanism for identifying 

vulnerabilities in private supplies. Constructive relationships between LA staff and supply 

owners were evident at all the supplies visited. 

European regulatory practices relating to chemical disinfection of 

private supplies 

On the basis of limited responses (from 4 countries out of 7 approached), only one regulatory 

practice specific to chemical disinfection of private supplies has been identified. In Germany, 

private supplies are regulated by local authorities, and if chemical disinfection is applied, the 

local authority will require either continuous monitoring of residual, or will specify a minimum 

frequency for manual sampling. 

International standards and guidelines relating to chemical disinfection 

of private supplies 

Test protocols for validating claims made for the disinfection efficacy of water treatment 

devices have been developed by the World Health Organisation (WHO), in the US and 

Australia/New Zealand. Common to these protocols are challenge tests using specified test 

micro-organisms representative of bacteria, viruses and protozoa. These protocols are 

variously intended for devices in which the disinfection is achieved by: 

 Physical and/or mechanical means; 

 The release of, or contact with, a chemical that is incorporated into the design of the 

device, such as halogenated resin; or 

 Batch-wise chemical dosing systems in which the user applies some fixed quantity of 

active reagent, as provided by the supplier, to a known volume of water for some 

specified time, such that the user is taking it on trust that the chemical dose and contact 

time are adequate. 

These validation protocols are not applicable to chemical disinfection systems as understood 

in the context of this report. 

The WHO, Australia and New Zealand provide guidelines applicable to chlorine disinfection of 

private supplies, which are similar but not identical. These provide benchmarks for practices 

in England and Wales.  
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Potential changes to water quality regulations 

The Drinking Water Directive (DWD) is currently under revision by the EU. The current draft of 

the revised DWD, which was subject of a vote by the European Parliament in October 2018, 

proposes PCVs of 0.25 mg/L for chlorate and for chlorite. The inclusion of these PCVs in 

future UK water quality regulations is anticipated, dependent on the timing of the introduction 

of the new directive and the arrangements for departure  of the UK from the EU. The principal 

implications of such prescribed concentrations are, for chlorate, in relation to the storage of 

commercial sodium hypochlorite; and for chlorite, the maximum applied dose of chlorine 

dioxide. 

The revised DWD, and thus future UK regulations, are also likely to introduce a PCV for 

haloacetic acids (HAAs) of 80 µg/L. Supplies which currently have problems complying with 

the PCV for trihalomethanes (THMs) are most at risk of having similar problems with HAAs.  

v Suggestions for good practice 

The operation of private supplies 

Any groundwater supply which is known to exhibit changes in turbidity should include filtration 

before disinfection is applied. Surface water sources should always include filtration. 

Ideally, turbidity should be measured whenever the residual disinfectant concentration is 

checked. However, because of the cost of portable turbidimeters, the desirability of doing this 

needs to be balanced against affordability for smaller supplies. 

Where chlorination is practised, the pH should be checked to ensure it meets the WHO 

guideline (pH < 8.0). 

Owners/operators should have documented procedures for responding to interruptions to 

disinfection, which should include a plan for the notification of customers. 

The use of sensors with the capability of sending warnings of critical failures such as power 

outages to mobile phones should be encouraged. 

Commercial sodium hypochlorite solution  

High-strength solutions (14-15% active chlorine) should ideally be stored at or below 15
o
C. If 

this is not possible, such solutions should ideally be used within one month. At 15
o
C, such 

solutions should ideally be used within 2 months, and at lower temperatures should ideally be 

used within 3 months.  
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If it is necessary to store sodium hypochlorite solution during the summer for longer than 

1 month in the absence of temperature control, a lower strength solution (e.g. 10% active 

chlorine) should be considered. 

Each delivery of solution should be consumed as a batch. Fresh solution should not be mixed 

with older stock. 

Solutions with a bromate concentration compliant with the BS EN 901:2013 Type 1 

specification should be used. If there is potential for the chlorine dose to exceed 4 mgCl2/L, a 

solution with a bromate concentration lower than that permitted by the Type 1 specification 

should be sought. 

OSE-generated sodium hypochlorite solution  

OSE-generated solution should be consumed within 2 days of production. 

For non-membrane OSE equipment, salt which meets the specifications for a Type 1 product 

under BS EN 14805:2008 should be used. 

Users of OSE-generated sodium hypochlorite should check the concentration of chlorate in 

distributed water to determine whether the national conditions that apply to the use of OSE-

generated sodium hypochlorite are being met. 

Local authorities should include chlorate in the list of parameters for which they analyse when 

sampling water from supplies which use OSE-generated sodium hypochlorite. 

Chlorine dioxide 

Users of chlorine dioxide should check the concentrations of chlorite, chlorate and chlorine 

dioxide in distributed water to determine whether the national conditions that apply to the use 

of chlorine dioxide are being met.  

Local authorities should include chlorite and chlorate in the list of parameters for which they 

analyse when sampling water from supplies which use chlorine dioxide. 
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1. Introduction 

1.1 Background 

Drinking water supplied in England and Wales must be wholesome, where ‘wholesomeness’ 

is defined both in terms of compliance with prescribed concentrations or values (PCVs) of 

regulated parameters, and the requirement that the water contains nothing which would 

constitute a potential danger to human health. This applies whether the water is from a public 

or private supply. 

Regulatory sampling of public drinking water supplies
1
 in England and Wales in 2017 showed 

greater than 99.96% compliance with water quality standards. Of samples taken at the outlets 

of water treatment works, in service reservoirs and at customers’ taps, 0.0075% contained 

E. coli and 0.032% contained enterococci (DWI, 2018a and 2018b). In comparison, overall 

compliance of private supplies
2
 was 94.5% in England and 95.3% in Wales, with 7.3% of 

samples containing E. coli and 7.4% containing enterococci (DWI, 2018c and 2018d). The 

majority of failures occur in private supplies that have treatment (DWI, 2016). Although 

compliance of private supplies has improved in recent years - in 2010, overall compliance was 

90.4%; E. coli was detected in 13.7% of samples, and enterococci in 12.2% (DWI, 2011a and 

2011b) – the quality of private supplies remains a concern (DWI, 2018c and 2018d). 

Current legislation requires private water supplies that use disinfection to ensure that the 

effectiveness of disinfection is maintained and verified, but the failure rate suggests that there 

may be shortcomings in how disinfection is being applied. 

1.2 Nomenclature 

In this report, references are made to the statutory Regulations that apply to private and 

public water supplies in England and Wales. Where necessary, the following abbreviations 

are used to qualify the particular Regulation(s) being referred to:  

 PWS – generic reference to private water supply Regulations in England and Wales, or 

where there is equivalence between a particular Regulation in England and Wales. 

 PWS(E) - private water supply Regulation(s) in England. 

 PWS(W) - private water supply Regulation(s) in Wales. 

 WSQ – generic reference to public water supply Regulations in England and Wales, or 

where there is equivalence between a particular Regulation in England and Wales. 

 WSQ(E) - public water supply Regulation(s) in England. 

 WSQ(W) - public water supply Regulation(s) in Wales. 

                                                      

1
  A total of 3,741,473 results were reported. 

2
  A total of 189,301 results were reported. 
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1.3 Private supplies in England and Wales 

Estimates of the extent and nature of private water supplies are given in Table 1.1. 

Table 1.1 Private supplies (2017 data) (DWI, 2018a,b,c,d) 

 England Wales 

Population served  572,000  80,000  

Number of supplies 36,450 14,147 

Single households (% of supplies) 68 81 

Nature of source (% of supplies):   

  Surface/Surface influenced 21 87 

  Groundwater 60 6.5 

  Mains 15 5 

  Other/unknown 4 2.5 

Volume supplied (Ml/d) 382 110 

Mean volume/supply (m
3
/d) 10.5 7.8 

 

A notable difference between England and Wales is the much greater prevalence of surface 

water sources in Wales. Surface waters are generally at greater risk of microbiological 

contamination. 

1.4 Regulatory framework, private supplies 

The Water Industry Act 1991 requires water supplied for human consumption to be 

‘wholesome’. Under the authority of this Act, three statutory instruments currently govern 

private water supplies in England and Wales: The Private Water Supplies (England) 

Regulations 2016; The Private Water Supplies (England) (Amendment) Regulations 2018; 

and The Private Water Supplies (Wales) Regulations 2017. These Regulations transpose into 

national law the European Union Drinking Water Directive (Council Directive 98/83/EC) and 

are similar, but not identical.  

The Drinking Water Inspectorate (DWI) is the competent authority for ensuring that the 

Drinking Water Directive requirements are met in England and Wales. The DWI has a 

statutory role to supervise local authorities (LAs) in relation to the implementation of the 

Private Water Supplies (PWS) Regulations, including the provision of technical and scientific 

advice. A further responsibility of the DWI is to permit the use of products and substances in 

the preparation or distribution of private water supplies. 

Local authorities are the regulators for private water supplies and have a number of statutory 

duties under the PWS Regulations. These duties include the requirement to carry out risk 
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assessments and monitor private water supplies to determine compliance with drinking water 

standards. The LA has powers to require that a supply that is unwholesome or a potential 

danger to human health is improved by the ‘relevant person’, which can be the owner, 

occupier, or any other person who exercises powers of management or control of the supply. 

The PWS Regulations define wholesomeness, impose obligations on those who own, or 

otherwise exercise management or control of, private supplies (‘relevant persons’), and 

impose obligations on, and give powers to, LAs in relation to carrying out risk assessments, 

monitoring and enforcement.  

1.4.1 Wholesomeness and requirement for disinfection 

One of the conditions to be met for ‘wholesomeness’, under PWS Regulation 4(1), is that 

water “…does not contain any micro-organism, parasite or substance, alone or in conjunction 

with any other substance, at a concentration or value that would constitute a potential danger 

to human health”. Hence disinfection is required if there is a risk of such micro-organisms or 

parasites occurring in the water source. If ‘wholesome’ water as defined by PWS Regulation 4 

can be supplied without disinfection, there is no obligation to apply disinfection.  

Under PWS Regulation 5(2), where there is a disinfection process the relevant person must: 

 Design and operate the process such that disinfection by-products are kept as low as 

possible without compromising the effectiveness of the process. 

 Ensure the effectiveness of the process is maintained. 

 Verify the effectiveness of the process. In Wales, PWS(W) Regulation 5(2) imposes the 

explicit requirement to keep records of maintenance and monitoring undertaken to 

verify effectiveness, and for these records to be available for inspection by the LA for 5 

years. 

1.4.2 Use of products or substances in private supplies 

PWS Regulation 5(1) requires that products or substances applied to or in contact with a 

private supply of water, in its preparation or distribution, must not make it unwholesome or 

endanger human health. This requirement came into power on the 1
st
 January, 2010 

(England) and the 26
th
 May, 2010 (Wales). As far as chemical disinfection is concerned, 

compliance with this requirement is likely to be demonstrated if either the first or both of the 

following criteria are satisfied (depending on whether the disinfecting chemical is bought-in 

and applied directly, or the disinfecting chemical is generated on-site from other, bought-in, 

chemicals): 

a) The disinfectant chemical, and, if applicable, the chemicals from which the disinfectant 

chemical is generated, conforms to a BS:EN standard and meets National Conditions 
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of Use as specified in Annex 2 of the List of Approved Products For Use In Public 

Water Supply In The United Kingdom (as published by the DWI); 

b) If applicable, the equipment used to generate the disinfectant chemical is listed in the 

List of Approved Products For Use In Public Water Supply In The United Kingdom, or in 

the List of Products Permitted under Regulation 5 for use in Private Supplies in England 

and Wales (as published by the DWI). 

1.4.3 Categories of private water supply 

The regulations define categories of private supply (three in England, four in Wales), which 

determine the obligations of LAs with respect to risk assessment and monitoring. Simplified 

descriptions of each category are: 

 PWS Regulation 8 (England and Wales): Water sourced from a public water supply 

which is further distributed. 

 PWS Regulation 9 (England and Wales): (i) Supplies ≥ 10 m
3
/d; (ii) Supplies which are 

used for commercial or public activity. 

 PWS(E) Regulation 10 (England): Supplies < 10 m
3
/d and which are not used for 

commercial or public activity.  

 PWS(W) Regulation 10 (Wales): Supplies to single dwellings not used for commercial 

or public activity or part of a domestic tenancy. 

 PWS(W) Regulation 11 (Wales): Supplies not covered by PWS(W) Regulations 8-10, 

hence: (i) Supplies < 10 m
3
/d and which are not used for commercial or public activity 

and which serve multiple dwellings; (ii) Supplies < 10 m
3
/d and which are not used for 

commercial or public activity and which are part of a domestic tenancy. 

1.4.4 Obligations of LAs  

The obligations of LAs in terms of risk assessments and monitoring depend on the category of 

the supply: 

 PWS Regulation 8 (England and Wales): Undertake risk assessments at least every 

5 years and monitor on the basis of the risk assessment. 

 PWS Regulation 9 (England and Wales): Undertake risk assessments at least every 

5 years and monitor water quality for the full suite of parameters set out in Schedules 1 

and 2 of the regulations, at the frequency set out in Schedule 2. 
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 PWS(E) Regulation 10 (England): For supplies other than to single dwellings, 

undertake risk assessments at least every 5 years and monitor water quality for the 

reduced suite of parameters set out in the PWS(E) Regulations, at least every 5 years. 

For supplies to single dwellings, risk assessments and monitoring by LAs are optional 

unless requested by the owner or occupier. 

 PWS(W) Regulation 10 (Wales): Risk assessments and monitoring by LAs are required 

only: (i) if the LA suspects a potential risk to human health; or (ii) at the request of the 

owner or occupier. 

 PWS(W) Regulation 11 (Wales): Undertake risk assessments at least every 5 years 

and monitor water quality for the reduced suite of parameters set out the PWS(W) 

Regulations, at least every 5 years. 

Where monitoring is required, under PWS Regulation 7 LAs must establish a monitoring 

programme which may include discrete sampling, continuous monitoring with recording, or a 

combination of both. Optionally, LAs may include in the programme inspection of operational 

and maintenance records and/or inspection of the catchment, abstraction, treatment, storage 

and distribution infrastructure.  

1.5 Related work 

An investigation of UV disinfection as applied to private supplies was undertaken by WRc for 

Defra/DWI in 2015/2016 (Dillon et al., 2016)
3
. The purpose and objectives of this project were 

similar to the current project. A fundamental difference between UV and chemical disinfection 

is that it is not possible to directly measure UV dose, so to be confident that the necessary 

dose has been applied requires the performance of the UV unit to have been validated for a 

defined range of operating conditions, and the unit to then be operated within that range. The 

investigation found that, primarily due to cost, UV units sized for small private supplies are 

very unlikely to include the instrumentation necessary to properly monitor performance, and 

are very unlikely to carry third-party validation. There were also issues with lack of 

understanding by users of how UV works, and inadequate maintenance.  

1.6 Objectives 

The objectives of this project are to:  

1. Establish the range of different chemical disinfection types used on public and private 

supplies in England and Wales, and establish the critical differences in functionality and 

application.  

                                                      

3
  http://www.dwi.gov.uk/research/completed-research/reports/DWI70-2-306.pdf 

http://www.dwi.gov.uk/research/completed-research/reports/DWI70-2-306.pdf
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2. Review international standards for chemical disinfection systems to compare validation 

criteria and identify which criteria would demonstrate suitability for use in private 

supplies.  

3. Produce simple guidance for private supply owners/users and local authorities to help 

in the selection and assessment of chemical disinfection systems used in private 

supplies. 

To fulfil these objectives, the project comprises the following tasks (with the relevant sections 

of this report): 

1. Establish the range of chemical disinfection techniques employed by water companies 

in England and Wales and establish their functionality and application (Section 2; 

Appendices A and B).  

2. Establish the range of chemical disinfection techniques used by private supplies in 

England and Wales and establish their functionality and application (Section 3; 

Appendices C and D).  

3. Establish the critical differences in functionality and application of chemical disinfection 

techniques between public and private supplies in England and Wales (Section 4).  

4. Compare the different types of validation criteria for various chemical disinfection 

treatment systems and their application across Europe (Section 5; Appendix E).  

5. Review relevant British Standards and other European and World standards for 

chemical disinfection treatment systems and identify which validation criteria would 

demonstrate suitability for use on private water supplies. (Section 6; Appendix F). 

6. Produce a simple guide to help private supply owners/users select and maintain a 

suitable chemical disinfection system (Section 7).  

7. Produce guidance to help local authorities assess the suitability of existing chemical 

disinfection systems (Section 8).  

8. Propose a pilot study to determine the suitability / performance of the most common 

chemical disinfection system(s) (Section 9).  

Some supporting technical information relating to aspects of chemical disinfection is provided 

in Appendix G.  
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2. Chemical disinfection in public supplies 

Task 1: Establish the range of chemical disinfection techniques employed by water 

companies in England and Wales and establish the functionality and application. 

2.1 Regulatory framework, public supplies 

The Water Industry Act 1991 requires water supplied for human consumption to be 

‘wholesome’. Under the authority of this Act, three statutory instruments currently govern 

public water supplies in England and Wales: The Water Supply (Water Quality) Regulations 

2016 (applicable in England); The Water Supply (Water Quality) (Amendment) Regulations 

2018 (applicable in England); and The Water Supply (Water Quality) Regulations (Wales) 

2018. These WSQ Regulations transpose into national law the European Union Drinking 

Water Directive (Council Directive 98/83/EC) and are similar, but not identical.  

The Drinking Water Inspectorate (DWI) is the competent authority for ensuring that the 

Drinking Water Directive requirements are met in England and Wales, and is the regulator of 

public supplies. A further responsibility of the DWI is the approval of products and substances 

used in the preparation or distribution of public water supplies. 

The WSQ Regulations include, under WSQ Regulation 4, a definition of ‘wholesomeness’ for 

public supplies similar, but not identical, to that applicable to private supplies under PWS 

Regulation 4 but, whereas the disinfection of private supplies is not obligatory, it is obligatory 

under WSQ Regulation 26 for public supplies to be disinfected.  WSQ Regulation 5 requires 

monitoring to “obtain information as to the effectiveness of disinfection”. WSQ Regulation 26 

requires:  

 The water to be pre-treated, where necessary, to prepare the water for disinfection; 

 The disinfection process to be designed and operated such that disinfection by-

products are kept as low as possible without compromising the effectiveness of the 

process; 

 Verification of the effectiveness of the disinfection process; and  

 Turbidity to be reduced to < 1 NTU. 

WSQ Regulation 31 requires that products or substances applied to or in contact with a 

private supply of water, in its preparation or distribution, must not make it unwholesome or 

endanger human health. As far as chemical disinfection is concerned, compliance with this 

requirement is likely to be demonstrated if either the first or both of the following criteria are 
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satisfied (depending on whether the disinfecting chemical is bought-in and applied directly, or 

the disinfecting chemical is generated on-site from other, bought-in, chemicals): 

a) The disinfectant chemical, and, if applicable, the chemicals from which the disinfectant 

chemical is generated, conforms to a BS:EN standard and meets National Conditions 

of Use as specified in Annex 2 of the List of Approved Products For Use In Public 

Water Supply In The United Kingdom (as published by the DWI); 

b) If applicable, the equipment used to generate the disinfectant chemical is listed in the 

List of Approved Products for Use in Public Water Supply in the United Kingdom. 

2.1.1 Potential changes to water quality regulations 

The Drinking Water Directive (DWD) is currently under review by the European Union. As part 

of this process, the European Office of the WHO submitted proposals for changes to 

parameters and prescribed concentrations or values (PCVs) (WHO, 2017), which 

recommended the addition of three parameters of relevance to chemical disinfection:  

 Chlorate  

 Chlorite  

 Haloacetic acids (HAAs)
4
 

The WHO proposed PCVs of 0.7 mg/L for chlorate and chlorite, and 80 µg/L for HAAs. In 

response, the European Commission proposed lower PCVs of 0.25 mg/L for chlorate and 

chlorite (EC, 2018). The DWD review process is still on-going, and the outcome and 

implications for the UK are uncertain. Nonetheless it is important to be aware of the 

implications should the proposed standards be adopted. 

The implications of the proposed PCVs for chlorate and chlorite are discussed in this section 

and in Appendix A. Haloacetic acids are a group of disinfection by-products which are formed 

by reactions between the disinfectant and natural organic matter, as are the already regulated 

trihalomethanes (THMs). As with THMs, HAA formation is very unlikely to be a problem if a 

disinfectant other than chlorine is used. For chlorinated supplies, those which experience high 

THM formation are likely to also experience high HAA formation.  

These changes, if made, will affect both public and private supplies. 

                                                      

4
  The proposed HAA PCV is for HAA9, which is the sum of: monochloro- , dichloro-, trichloro-, 

monobromo-, dibromo-, bromochloro-, bromodichloro-, dibromomchloro- and tribromo-acetic acid. 
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2.2 Chemical disinfectants 

The chemical disinfectants which meet the requirements of WSQ Regulation 31 and might be 

applied for primary disinfection of public supplies are: 

 Chlorine 

 Chlorine dioxide 

 Ozone 

Although ozone and chlorine dioxide are used elsewhere in Europe for this purpose, in 

England and Wales chlorine is preferred.  

2.2.1 Chlorine 

Chlorine is available in four forms: 

 Liquefied chlorine gas 

 Commercial sodium hypochlorite solution 

 Sodium hypochlorite solution, generated on-site by electrolysis of brine (OSE) 

 Calcium hypochlorite powder, granules or tablets 

Chlorine concentration is normally expressed in terms of available chlorine, irrespective of the 

form in which it is applied. Chlorine gas is elemental chlorine and is, therefore, directly 

equivalent to available chlorine, i.e.: 

1 mg Cl2 = 1 mg available chlorine 

Other forms of chlorine are quantified in terms of electrochemical equivalence with elemental 

chlorine. When elemental chlorine reacts, two electrons are consumed: 

𝐶𝑙2 + 2𝑒− → 2𝐶𝑙− 

The reaction of hypochlorite ion also consumes two electrons: 

𝑂𝐶𝑙− + 2𝑒− + 2𝐻+ → 𝐶𝑙− + 𝐻2𝑂 

Therefore, one mole of hypochlorite ion is equivalent in oxidative strength to 1 mole of 

elemental chlorine. Accordingly: 

1 mg NaOCl ≡ 0.953 mg Cl2 

1 mg Ca(OCl)2 ≡ 0.992 mg Cl2 
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Liquefied chlorine gas 

Chlorine gas is manufactured by the electrolysis of brine. The gas is dried and then liquefied 

under pressure. It can be delivered in cylinders (33 kg or 71 kg Cl2); drums (864 kg or 1000 kg 

Cl2); or in tankers. In this form, chlorine is essentially 100% active product, so when dosed to 

water no other substance is introduced. A disadvantage is that if released to atmosphere, the 

chlorine will vaporise resulting in a highly toxic gas. Bulk storage of 10 tonnes or more falls 

within the remit of the Control of Major Accident Hazards (COMAH) regulations. Dosing 

equipment is designed to operate under vacuum, to minimise risk of accidental leakage. 

Commercial sodium hypochlorite solution 

Sodium hypochlorite is produced by reacting chlorine with sodium hydroxide. It is supplied in 

solution at a maximum strength of about 15% Cl2. When stored, the strength declines as the 

hypochlorite decomposes, primarily to chlorate and chloride. The rate of decomposition is 

slower at elevated pH, and commercial solutions have sodium hydroxide added to raise pH up 

to 13; consequently, the solution is highly corrosive. Decomposition increases at higher 

temperature, and storage tanks may be fitted with a cooling system for this reason. 

Decomposition rate is also higher at higher initial concentrations. UV light accelerates 

decomposition. Some examples of decomposition rate are given in Appendix A.  

Sodium hypochlorite used in water treatment must conform to BS EN 901:2013. This standard 

specifies a maximum sodium chlorate concentration of 5.4% by weight of the active chlorine 

concentration (so maximum chlorate is 4.2% by weight). Thus with fresh solution, a 1 mg/L 

dose of active chlorine will contribute a maximum chlorate concentration of 0.042 mg/L ClO3. 

There is currently no prescribed concentration or value (PCV) for chlorate in the water quality 

Regulations for England and Wales
5
, but as noted in Section 2.1.1 the possible inclusion of a 

PCV in the revised Drinking Water Directive is likely to be reflected in future UK Regulations. 

The implications of a chlorate PCV in relation to decomposition are considered in Appendix A. 

The standard BS EN 901:2013 also specifies maximum concentrations of sodium bromate, of 

2.5 g per kgCl2 active chlorine (Type 1) or 5 g per kgCl2 (Type 2), corresponding to 

2.1 μgBrO3 per mgCl2 and 4.2 μgBrO3 per mgCl2 respectively. The current PCV for bromate is 

10 μgBrO3/l. With no other source of bromate, this limits chlorine dose to 4.7 mgCl2/l (Type 1) 

or 2.35 mgCl2/l (Type 2). As such, users should avoid using a product which is only compliant 

with Type 2 requirements, and should ideally source a product with a tighter specification for 

bromate than permitted for Type 1. 

                                                      

5
  Under WSQ Regulation 31, a specific condition applies if chlorine dioxide is used; this is discussed in 

Section 2.2.2. 
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On-site electrolysis of brine (OSE) 

Sodium hypochlorite can be produced on-site by the electrolysis of brine. The principal 

components of an OSE system are (Hooper, 2005): 

 A salt saturator – a tank in which water is in contact with granular or pelleted sodium 

chloride, to maintain a supply of saturated salt solution. 

 An ion-exchange water softener, used to soften the water supply to the salt saturator 

and dilution water. 

 An electrolyser cell. In a conventional cell, diluted brine solution flows through the cell. 

Chlorine gas is generated at one electrode, and hydrogen gas and hydroxide ions at 

the other. The hydroxide reacts with the chlorine to produce hypochlorite. Unreacted 

sodium chloride remains in the product. There are other cell configurations in which the 

electrodes are separated by a membrane, and concentrated brine is fed to one 

electrode.    

 Product tank. The sodium hypochlorite solution produced in the electrolyser cell is 

collected in a product tank. With conventional cells, product strength is in the range 0.5 

– 1.0% by weight active chlorine, at pH ≈ 9. The product strength from membrane cells 

is higher. Because of the hydrogen gas, storage tanks are forced-vented. Typically, 

OSE is operated to produce batches of hypochlorite sufficient for 1 – 2 days. The 

combination of relatively low strength and short storage minimises decomposition. 

Some examples of decomposition rate are given in Appendix A. 

Decomposition of hypochlorite to chlorate occurs in the electrolyser cell to some extent, 

primarily determined by the heat produced (the reaction is endothermic – Schuch et al., 

2016). Effective design and operation of the cell should limit formation to 3 – 4% by weight of 

active chlorine (Hooper, 2005), although up to 7.5% can occur (Hall et al., 2009). However, 

electrical conductivity drops as temperature decreases, requiring a greater electrolyser cell 

voltage, and heating is provided if inlet temperature can fall below 6
o
C (Hall et al., 2009). In 

accordance with WSQ Regulation 31, the chlorate concentration in treated water when OSE-

generated hypochlorite is used must not exceed 0.7 mgClO3/l; this will possibly be reduced to 

0.25 mg/L if the UK adopts the proposed revisions to the DWD (Section 2.1.1). Additionally, 

although BS EN 901:2013 is not itself applicable to OSE-generated hypochlorite, in Annex 2 

of the List of Approved Products for use in Public Water Supply in the United Kingdom,  it is 

stated in relation to this standard that “While this standard is not applicable to sodium 

hypochlorite generated in-situ, the limits for impurities and chemical parameters apply”. 

 

Bromate is also a potential by-product, arising from the reaction between bromide (present in 

the salt) and hypochlorite. Approximately 50% of bromide is converted to bromate (Hooper, 

2005). Low bromide salt is available, and salt for use with conventional electrolyser cells must 
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conform to BS EN 14805:2008. Membrane cells require a higher purity salt as defined by 

BS EN 16370:2013. 

Calcium hypochlorite 

Calcium hypochlorite tablets contain about 65% active chlorine by weight. The tablets are 

stable if stored in sealed containers. They are sometimes used to provide a short-term boost 

to chlorine residuals in service reservoirs (Hall et al., 2009). 

UK use 

The proportions of each form of chlorine used for UK public water supply are shown in Table 

2.1, from a survey undertaken by UKWIR (Hall et al., 2009). Approximately 75% of chlorine is 

used for disinfection. Other major uses are iron and manganese removal.  

Table 2.1 Estimated annual UK chlorine use (Hall et al., 2009) 

Form 
Quantity, Tonnes Cl2 

equivalent 
Proportion, % 

Chlorine gas 7870 63 

Commercial 

hypochlorite 
3405 27 

OSE 1311 10 

 

The survey identified that there had been a move away from chlorine gas for health and 

safety reasons, notably at large treatment works near populated areas and at very small sites. 

Some water-only companies have taken policy decisions to eliminate the use of chlorine gas 

entirely. Generally, however, the form of chlorine continues to be decided on a site-by-site 

basis. 

Determining required dose 

The normal basis for determining chlorine dose at a treatment works is by specifying a Ct 

requirement, where Ct is the product of chlorine concentration (C, mg/L and contact time 

(t, minutes). In practice, C is the free chlorine residual concentration at the outlet of the 

contact tank, and t is the effective residence time in the contact tank allowing for hydraulic 

inefficiencies. For disinfection of bacteria and viruses, WHO recommend (WHO, 2017a) that 

here should be a free chlorine concentration of ≥ 0.5 mg/L after at least 30 minutes contact 

time, at pH < 8.0, equivalent to a Ct of 15 mg.min/L. Some water companies have internal 

target Ct values based on generic raw water type, such that a direct river abstraction requires 

a higher Ct than a pristine borehole, for example.  



Defra 
 

Report Reference: DEFRA13022.05/16852-0 
June 2019 

© Defra 2019 20 

2.2.2 Chlorine dioxide 

Chlorine dioxide is a stronger oxidant than chlorine, although highly selective, and is 

considered to be a more effective disinfectant (USEPA, 1999). Potential advantages of 

chlorine dioxide as a disinfectant include (USEPA, 1999; EPA, 2011): 

 Biocidal properties which are insensitive to pH over the range pH 6-9. 

 When dissolved it does not dissociate, which is beneficial for penetrating biofilms. 

 Does not undergo chlorine-substitution reactions, so does not itself produce disinfection 

by-products (DBPs) such as trihalomethanes (THMs) and haloacetic acids (HAAs). 

 Does not react with ammonia, so no risk of problematic taste and odour from di- or tri-

chloramines. 

Disadvantages include: 

 Decomposes to form chlorite and chlorate, which are regulated DBPs. 

 Generated on-site. Process can include chlorine gas or sodium hypochlorite solution, 

which if not optimised can result in some THM and HAA formation. 

 May cause taste and odour problems if residual is ≥ 0.2 mg/L. Readily volatilizes so can 

cause chlorinous odour at customers’ taps; also some evidence of reacting with volatile 

organic compounds (VOCs) in customers’ homes, resulting in other odours. 

The primary decomposition product of chlorine dioxide (50-70%) is chlorite, with chloride and 

chlorate also being formed. Under WSQ Regulation 31, if chlorine dioxide is applied, the 

summed concentrations of chlorine dioxide, chlorite and chlorate entering supply must not 

exceed 0.5 mg/L. This effectively limits the dose that can be applied if used for primary or 

secondary disinfection because of the lack of opportunity to subsequently remove chlorite; 

although sulphur-based reducing agents can remove chlorite, their use is not recommended, 

either because of chlorate formation or high dose being required (USEPA, 2009). Chlorite is 

oxidised to chlorate by chlorine (and ozone), and chlorine dioxide decomposition is 

accelerated by exposure to UV, so its use with other disinfectants/forms of disinfection can be 

problematic.  

If the PCVs of 0.25 mg/L for chlorate and chlorite that have been proposed for the revised 

DWD (as noted in Section 2.1.1) are adopted in UK regulations, this will potentially reduce the 

maximum practicable chlorine dioxide dose.  
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Chlorine dioxide has not been adopted in the UK for disinfection of public water supplies, but 

is used for this purpose elsewhere in Europe and in America.  

Generation 

Chlorine dioxide gas is unstable, and explosive under pressure, so is generated on-site, most 

commonly utilising sodium chlorite and either acid or chlorine: 

Acid: chlorite   5𝑁𝑎𝐶𝑙𝑂2 + 4𝐻𝐶𝑙 → 4𝐶𝑙𝑂2 + 5𝑁𝑎𝐶𝑙 + 2𝐻2𝑂  

Chlorine gas: chlorite  2𝑁𝑎𝐶𝑙𝑂2 + 𝐶𝑙2(𝑔)  → 2𝐶𝑙𝑂2 + 2𝑁𝑎𝐶𝑙 

Hypochlorous acid: chlorite 2𝑁𝑎𝐶𝑙𝑂2 + 𝐻𝑂𝐶𝑙 → 2𝐶𝑙𝑂2 + 𝑁𝑎𝐶𝑙 + 𝑁𝑎𝑂𝐻 

An alternative chemical approach is the reduction of sodium chlorate using hydrogen peroxide 

and sulphuric acid: 

2𝑁𝑎𝐶𝑙𝑂3 +  𝐻2𝑂2 + 2𝐻2𝑆𝑂4  → 2𝐶𝑙𝑂2 + 2𝑁𝑎𝐻𝑆𝑂4 + 2𝐻2𝑂 +  𝑂2 

Electrochemical generation from sodium chlorite solution is another option.  

2.2.3 Ozone 

Ozone is a stronger oxidant than either chlorine or chlorine dioxide, and is considered to be a 

more effective disinfectant for inactivation of viruses and protozoa (USEPA, 1999). Potential 

advantages of ozone as a disinfectant include (USEPA, 1999; EPA, 2011): 

 Biocidal properties which are insensitive to pH over the range pH 6-9. 

 Requires a relatively short contact time. 

 Avoids formation of chlorine-substituted DBPs such as THMs and HAAs. 

 Decomposes to oxygen. 

Disadvantages include: 

 Oxidises bromide to bromate, which is a regulated DBP. 

 In the presence of bromide, bromine-substituted DBPs are formed. 

 Reacts with organic matter, producing DBPs such as aldehydes and ketones and 

generally increasing biodegradability as measured by determinands such as 
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assimilable organic carbon. Consequently, biologically active filters (usually GAC) are 

required downstream. 

 Rapidly decomposes, so does not provide a residual. 

 High capital and operating costs. 

The potential formation of bromate is a major consideration in any ozone application. Bromide 

is first oxidised to hypobromous acid: 

𝐵𝑟− + 𝑂3 + 𝐻+ → 𝐻𝑂𝐵𝑟 + 𝑂2 

Dissociation of hypobromous acid produces hypobromite ions: 

𝐻𝑂𝐵𝑟 ↔ 𝐻+ + 𝑂𝐵𝑟− 

Ozone then further oxidises hypobromite to bromate: 

2𝑂𝐵𝑟− + 2𝑂3 → 2𝐵𝑟𝑂3
− + 𝑂2 

Bromate formation is promoted by higher dissolved ozone concentration and more alkaline 

pH. The latter occurs because the dissociation to hypobromite increases from practically zero 

at pH 7 to practically complete at pH 10.5. Options for minimising bromate formation therefore 

include reducing pH and applying ozone at multiple points to keep the dissolved ozone 

concentration low.  

Generation and dissolution 

Ozone is an unstable gas which must be generated on demand at the point of use. 

Generation is by corona discharge of dried air or oxygen. Using oxygen avoids the 

requirement to dry air, and produces a higher concentration of ozone from a lower energy 

input; but entails the cost of purchasing liquid oxygen, or on-site oxygen separation from air.  

The conventional approach of dissolving ozone is by mounting diffusers (either of sintered 

construction, or membranes) on the base of vertically-baffled concrete tanks of c. 5 m depth, 

with gas bubbles of c. 2 mm rising either counter- or  co-currently with the water flow. 

Alternatively, a pipe reactor may be used, into which the ozone gas might be injected directly, 

upstream of a static mixer, or applied via an eductor in a sidestream. Off-gas from the 

contactor normally requires treatment (thermal or catalytic) before venting to atmosphere, to 

destroy any ozone which has not dissolved. 
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Ozone has not been adopted in the UK for primary disinfection of public water supplies, 

though it is used as an oxidant in the UK and as a disinfectant elsewhere in Europe and in 

America.  

2.3 Application  

A typical arrangement for chlorine disinfection of a public supply is shown in Figure 2.1. Some 

form of mixing of the dosed chlorine is provided, after which the chlorine residual is measured. 

The time between dose and pre-contact tank residual measurement is short. There is a set-

point for the pre-contact tank residual, and the controller will adjust the dose, if necessary, to 

maintain the set-point. Chlorine residual is measured again at the outlet of the contact tank. 

There is also a set-point for the post-contact tank residual. But because the time between 

dose and post-contact tank residual measurement is relatively long, the post-contact residual 

does not directly control the dose. Instead, deviation from the post-contact residual set-point 

is used by the controller to adjust the pre-contact tank residual set-point. Such cascade 

control does require careful set-up to avoid instability (Hall et al., 2006), and if the pre-contact 

tank set-point does not require frequent adjustment then manual adjustment of the pre-

contact tank residual set-point may be adequate. 

Figure 2.1 Typical arrangement of chlorine disinfection 
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It is also normal practice for the dose to be flow-paced, with a signal from a flow meter being 

used to adjust dose rate in proportion to any change in flow rate. 

In addition to monitoring chlorine residual, turbidity is monitored before and after the contact 

tank to verify compliance with the WSQ Regulation 26 requirement for turbidity to be less than 

1 NTU. The instruments used to monitor chlorine residual for controlling dose, and to monitor 

turbidity for the purpose of WSQ Regulation 26 verification, are invariably dual- or triple-

validated
6
. The pH is monitored at some point that is representative of the disinfection 

conditions.  

The design of disinfection systems for public water supply always includes redundancy of key 

equipment. There will typically be two independent, parallel, dosing lines, from stock chemical 

tank through to dosing point, each with the capacity to maintain the full output of the works. 

There may be interconnections at points between the two dosing lines, normally shut off, to 

maximise flexibility.  

Although most public supply treatment works have a contact tank, there are some 

groundwater works which use the distribution main to provide the contact time.  

2.4 Survey of disinfection practices 

Disinfection practices of public water supply companies were surveyed using the 

SurveyMonkey® on-line tool. A summary of the responses is provided in this section. The full 

responses are appended (Appendix B). 

2. Are target Ct values used as the basis for setting chlorine dose?  

The Ct concept informs the setting of disinfection conditions by all companies, but how it is 

applied varies. The WHO guideline of 15 mg.min/L is quoted as a default minimum target by a 

number of companies, but generally a more tailored target is applied to reflect differences in 

water quality and/or upstream treatment. For example, a minimum Ct of 5 mg.min/L is applied 

by some companies for pristine groundwater or groundwater with membrane or UV treatment 

upstream; whereas a Ct of 30 mg.min/L will be applied by one company if the raw water is a 

heavily polluted surface source. Some companies also specify minimum contact times 

(e.g. 20 or 30 minutes) and/or minimum chlorine residuals (e.g. 0.3 mg/L) in addition to target 

Ct values. 

                                                      

6
  Dual- or triple-validation refers to the use of a bank of two or three identical instruments to monitor a 

critical parameter. This serves two purposes: (i) redundancy - if one instrument fails, monitoring is 

maintained by the remaining instrument(s), so supply is not interrupted; (ii) measurement verification 

-  outputs of each instrument are compared to each other by an automated algorithm to identify any 

divergence between the individual instruments.  
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One company has developed a specific treatment objective of 2-log inactivation of Coxsackie 

A2 virus from which to derive a target Ct. Another company uses raw water coliforms as a 

quality indicator for specifying Ct, with a higher Ct of 30 mg.min/L being required if coliforms 

exceed 2,000 cfu/100 mL, and a lower Ct of 20 mg.min/L if coliforms < 2,000 cfu/100 mL. 

The WHO guideline Ct of 15 mg.min/L carries the caveat of pH ≤ 8, which reflects the 

decreasing disinfection strength of dissolved chlorine as pH increases. Some companies 

apply the concept of ‘effective’ Ct, whereby the undissociated fraction of the measured free 

chlorine residual is calculated from pH and temperature and used instead of the measured 

free chlorine residual in the derived Ct; since the undissociated fraction is always less than 

the measured free chlorine residual, this is a conservative measure. 

The most common measure of t used is t10, which is the minimum residence time of 90% of 

water passing through the contact tank; one company uses t5 (minimum residence time of 

95% of water passing through the tank), which will be lower, and thus more conservative, than 

t10. Companies variously use CFD modelling and/or tracer testing to determine t10 (or t5). In 

cases where such a determination hasn’t been made, one company refers to using guidelines 

published by USEPA to estimate t10 based on the design of the contact tank.  

3. What information does the company use to verify that adequate disinfection has 

been applied?  

Operational verification is provided by on-line monitoring, which at a minimum includes 

chlorine residual and turbidity but commonly also includes pH and temperature. Some 

companies calculate instantaneous values of Ct from the on-line monitoring data (for which 

purpose flow rate and tank level data will also be used). Routine microbiological sampling 

provides supporting evidence. One company is also using flow cytometry (a technique for 

characterising populations of cells using fluorescence and laser detection). 

4. Does the company have written standards or guidelines for storage of sodium 

hypochlorite to control decay?  

A majority (60%) of companies have standards or guidelines relating to storage of sodium 

hypochlorite, although a sizeable minority (40%) do not. 

5. When purchasing sodium hypochlorite, are there company-level policies/standards 

for the following? If yes, for what strength/content?  

Chlorine strength: 

Most companies have a company-level policy/standard for the strength of sodium hypochlorite 

solution. The most common specified strength is 14 – 15%, but some companies provide the 

option of lower strengths on an individual application or site basis. 
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Chlorate content: 

Although only 3 companies responded in the affirmative, by default all companies can only 

use chemicals which comply with applicable BS EN standards, in accordance with WSQ 

Regulation 31. The quoted chlorate content requirements of 2 of the 3 affirmative respondents 

correspond to the applicable BS EN standard.  

Bromate content: 

Most companies use ultra-low bromate sodium hypochlorite, specified as either ‘< 30 ppm’ or 

‘< 50 mg/kg as NaBrO3’ (which are approximately the same assuming a 14 – 15% sodium 

hypochlorite solution and that 30 ppm refers to BrO3). One company refers to using ultra-low 

bromate product ‘at most sites’, which implies that there may be exceptions. 

6. Are deliveries of sodium hypochlorite tested to check they meet specification?  

The majority (70%) of companies test deliveries of sodium hypochlorite. Otherwise, there is 

reliance upon the product being certified to the appropriate BS EN standard. 

7. Are any of the following steps taken to control decay of stored sodium hypochlorite?  

Of the companies using sodium hypochlorite, 90% have identified using one or more 

approaches to control decay during storage. The most common approach (50%) is to have a 

maximum storage time, while 30% use temperature control. Some companies regularly 

measure chlorate and bromate in the stored product. 

8. As part of on-site electrolytic chlorination (OSE) process, are any of the following 

steps taken to control disinfection by-products?  

Of the companies using OSE, 80% design/operate the system such that each batch is used 

within a specified time, and all use low-bromide salt. 

9. Does the company use ozone for primary disinfection at any of its treatment works?  

No companies use ozone for primary disinfection. 

10. Does the company use chlorine dioxide for primary disinfection at any of its 

treatment works?  

No companies use chlorine dioxide for primary disinfection. 
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3. Chemical disinfection in private supplies 

Task 2: Establish the range of chemical disinfection techniques used by private 

supplies in England and Wales and establish the functionality and application. 

3.1 Commercial systems 

An internet search was conducted to gather information on chemical disinfection systems 

suitable for private water supply. In this context, a ‘system’ refers to an integrated dosing 

package marketed for disinfection applications; off-the-shelf dosing pumps, which could be 

used to configure a simple sodium hypochlorite dosing arrangement, are excluded from the 

scope. Findings are tabulated in Appendix C and summarised below. 

3.1.1 Flow-paced dosing systems 

This category refers to integrated dosing systems marketed for disinfection applications.  

Hypo-Chlorination Skids by Clean Water Store is a product sold as a packaged chemical 

dosing system. It includes chemical storage tank and dosing pump, and is designed to dose 

sodium hypochlorite, hydrogen peroxide or sodium hydroxide into the water stream.  

There are products available for iron and manganese removal through chlorination which 

could be used for disinfection of a private water supply. Examples of these products are Well 

Water-Chlorination system by Glass Water Systems and Fusion liquid chlorination system by 

US Water Systems.  

In addition, there are companies advertising the capability to design, build and commission 

disinfection systems. They require a site visit before providing any detail about their systems. 

They then aim to provide a bespoke system, taking account of water quality and the treatment 

objective, to achieve the best outcome. 

3.1.2 Chlorine dioxide generation / dosing systems 

There are a number of products designed to produce and dose chlorine dioxide (ClO2) for 

disinfection purposes. These systems typically blend solutions of sodium chlorite and 

hydrochloric acid to produce chlorine dioxide. The majority of systems are designed for 

continuous dosing, but some incorporate storage of the product which allows for batch 

operation. The production rate varies based on the flow rate of the raw water before the 

dosing point, with nominal dose of chlorine dioxide being in the range 0.1-5.0 mg/L ClO2. The 

smallest unit identified (Evoqua DIOX-A 3) has a maximum rated output of 3 g/h ClO2, 

notionally sufficient to treat 6 m
3
/h at a dose of 0.5 mg/L. Actual generation of ClO2 in this unit 

is batchwise, with the two feedstock solutions pumped into a reactor and left for a defined 

time; the concentrated product solution is then discharged into a storage vessel and 
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simultaneously diluted to make it more stable. The process is entirely automated; the unit has 

a microprocessor-based controller with an interface 

These systems are mainly promoted for commercial uses, including Legionella control, 

although most also identify drinking water as a potential application.  

Although a unit with 3 g/h maximum output but operating batchwise could conceivably be 

used at the single domestic dwelling level, there are a number of reasons why ClO2 might not 

be considered suitable for such application: 

 Cost: all such units include two precision dosing pumps, a control system with interface, 

and a pair of bunded storage tanks for the feedstock chemicals. Most have reactor 

vessels, some have product storage vessels, these vessels being made of resistant 

materials.  

 Health and safety: most ClO2 units use hydrochloric acid as one of the feedstock 

chemicals, typically at 9% strength, which requires careful handling. Should it come into 

contact with the other feedstock chemical, there is a risk of ClO2 gas being generated.  

The Feedwater Activ-Ox system is safer in this regard, as it appears to use a much 

more dilute acid and claims that all ClO2 generated remains in solution. 

On balance, ClO2 is considered more suited to commercial applications where there is a 

greater assurance of appropriate training and awareness of chemical storage and handling 

than likely in a domestic environment.  

3.1.3 Sodium hypochlorite generation / dosing systems 

These units produce sodium hypochlorite solution through the electrolysis of brine. These 

systems require softened water for operation. An ion exchange softener is, therefore, part of 

the system. 

3.1.4 Calcium hypochlorite tablet systems 

ACCU-TAB® CHLORINATORS product of Accu-Tab Chlorination System is a simple 

chemical disinfection system using calcium hypochlorite tablets. Tablets are loaded into a 

container. The water flows across the bottom of the container and contacts the tablets. The 

tablets dissolve over time in the water, and the dosed water leaves the container. A bypass 

and blend arrangement may be needed to achieve an appropriate dose. 

3.1.5 Ozone generation systems 

Advanced Ozone Products, a UK company, produce a range of ozone (O3) gas generators in 

sizes suitable for small to large scale water disinfection. The ozone production capacities of 

these generators are between 2 and 60 g/h. At an applied dose of 1 mg/L the smallest unit 
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could treat 2 m
3
/h or 48 m

3
/d. Gas systems require, in addition to the generator, a contactor, 

an ozone destructor to treat off-gas, and an ozone gas monitor for safety (to detect leaks) and 

are not suitable for domestic applications. This company does also produce an integrated 

system (BOB-7) for producing ozonated water, with an ozone output of 2 g/h, but it is not 

marketed for drinking water use. 

DiaZone by A-Zone is an innovative disinfection product. Using an electrolytic cell this system 

produces ozone from water without any chemical addition. It is not clear if this product is 

currently available in the market. 

3.1.6 Chlorine gas dosing systems 

S10K™ chlorinator by Evoqua is a vacuum operated, sonically regulated unit providing gas 

feed for disinfection. 

3.2 Site visits 

Visits were made to 10 private supplies under the regulation of 5 local authorities. Details of 

these visits are given in Appendix D. The types of supply included examples of residential, 

commercial and public-accessed premises. Key characteristics of these supplies are 

summarised in Table 3.1. 

Table 3.1 Private supply visits: Types of supply 

Type 
Sodium 

hypochlorite 
OSE 

Chlorine 

dioxide 
Total 

Community
1
 4   4 

Student residential 

campus 
  1 1 

Food/drink 

processing 
  3 3 

Hospital 1 1
2
  2 

1 Predominantly domestic dwellings, may include farms and some small business use. 

2 Also uses UV.  

In all cases, there was a constructive relationship between LA and supply owner.  

Fewer supplies were visited than when a similar exercise was undertaken in relation to UV 

disinfection (Dillon et al., 2016), and the supplies visited were generally larger. It appears to 

be the case that chemical disinfection is less widely used than UV, especially for smaller 

supplies; some LAs contacted were aware of only a very few supplies in their area using 

chemical disinfection. 
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3.2.1 Community supplies 

The community supplies are all in rural locations and variously served between approximately 

10 – 100 properties, predominantly residential. One is operated by volunteers from within the 

community it serves, the others by the owners. All have groundwater sources (boreholes 

and/or springs).  

Only one supply has treatment other than disinfection. It has filtration (cartridge) for its 

principal (spring) source, and ion exchange for nitrate removal and filtration (cartridge) for its 

secondary (borehole) source. At one supply which has two spring sources, each serving a 

different part of the distribution system, the operators commented that sediment is sometimes 

experienced in one source after heavy rain. At another supply with a borehole source some 

sediment is apparent in the service reservoir (Figure D.2), though whether from erosion of the 

concrete floor or from deposition is unknown. 

All the community supplies visited have a long history and retain legacy infrastructure, notably 

old service reservoirs (but likely also the distribution system, in part or in full). LA personnel 

have in some cases recommended external repairs where points of potential ingress have 

been identified during risk assessments (these recommendations have been acted upon), and 

internal inspection/cleaning. However, these reservoirs tend to be at least partly below ground 

level, or covered by vegetation, such that only a limited area of exterior wall is visible for 

inspection.  

The reservoir at one supply is only of sufficient capacity to supply for a few hours, but in the 

other cases capacity is measured in days. In all cases the reservoirs are single chamber, so 

removal from service for internal inspection/maintenance will interrupt supply. In one supply, 

control of the level in the reservoir is entirely manual; the level is observed periodically 

through the access hatch, and when low the borehole pump is switched on, left running 

overnight, and switched off the following day. In this case, refilling is only required weekly. In 

the other supplies, level switches are used to automate pump operation. 

For the 3 supplies for which disinfection is the only treatment, the on-site equipment is limited 

to a single flow-paced dosing pump mounted above a plastic tank or 25 L container holding 

diluted sodium hypochlorite solution. The pumps have in each case been supplied and fitted 

by contractors with appropriate experience, and service contracts (biannual or annual) are in 

place. Only one supply has duplicated dosing pumps installed. 

Three supplies are connected to mains electricity, of which one had a stand-by diesel 

generator on site. The principal treatment/pump building of one supply has no mains 

connection so power is supplied by two diesel generators operated on a duty/standby basis. 

None of these supplies have continuous monitoring of chlorine residual nor any other quality 

parameter. All check chlorine residuals manually at least weekly, in the service reservoirs and 

in distribution, and retain records of results; none check any other quality parameter. All are 
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sampled at least annually by their respective LA. None have any current issues with 

microbiological quality. 

None of the supplies have secondary containment around the sodium hypochlorite 

tank/container. Although holding diluted solution, plastic containers continuously exposed to a 

strong oxidant will fail eventually.  

The owner of one supply has adopted a policy of purchasing sodium hypochlorite in quantities 

such that each batch is consumed in about 1 month, after being advised of the potential loss 

of strength if stored for longer periods. Owners/operators of other supplies store solutions for 

up to six months. 

Security at these supplies is variable. In one case, both the cover to the borehole head 

chamber, where the dosing pump and sodium hypochlorite dosing solution are located, and 

the hatch to the service reservoir, were unlocked at the time of the visit. The hatch had 

recently been replaced (on recommendation of the LA) because the original had little by way 

of a raised lip so there was a risk of rain water ingression. The new hatch, of heavy 

galvanised steel construction, has provision for a padlock. At another supply, a wooden 

garden shed has been placed over the borehole. Some additional flooring has been added to 

keep out mice (on recommendation by the LA). There are strands of barbed wire around the 

shed to keep livestock away. At the other two supplies, equipment is housed in buildings of 

solid construction, in one case with steel security doors with CCTV coverage and an alarm 

linked to the police. 

3.2.2  Commercial: Student residential campus 

The treatment plant for this supply is housed in a purpose-built building and has been 

replaced in the last year. Chlorine dioxide has replaced sodium hypochlorite for disinfection, 

and is also dosed as a pre-oxidant for metals (iron and manganese) removal. There is a 

granular activated carbon (GAC) filter downstream of metals removal (the GAC will remove 

chlorite to some extent, although this was not a stated treatment objective).  

Residual chlorine dioxide concentration is monitored continuously, by a single instrument, and 

can be viewed remotely along with other key information by operations staff. Plant operation 

is automated, which includes shutting down if residual chlorine dioxide concentration falls 

outside high and low limits. If this should happen, operations staff are alerted. Re-start after 

such a shut-down is a manual operation. Chlorine dioxide residual is also checked manually 

in the distribution system. Chlorate and chlorite are not routinely monitored. 

There is a service contract in place with the contractor who designed and installed the plant. 

There are two service reservoirs, normally operated in parallel. They are currently operated at 

about 70% capacity. It will be possible, therefore, as and when necessary to take one 

reservoir off-line for inspection or maintenance without interrupting supply. 
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3.2.3 Commercial: Food/drink processing 

The 3 supplies visited are used for food/drink processing operations rather than for direct 

consumption. All use chlorine dioxide, generated from sodium chlorite and hydrochloric acid 

feedstocks using proprietary equipment. Residual is monitored continuously, in all cases with 

a single instrument, with manual samples also being taken for residual measurement and for 

microbiological testing. Sampling is undertaken by trained staff. The LAs do not currently 

analyse for chlorate and chlorite when they sample these supplies, and were not aware of any 

such analyses being conducted by the supply owners. 

3.2.4 Public-access: Hospital 

This hospital supply is disinfected with both chlorine (OSE-generated sodium hypochlorite) 

and UV (in that order). There is no contact tank or service reservoir; treated water directly 

enters supply, although there is a length of main between the plant building and the first 

hospital building. Chlorine residual is monitored continuously (single instrument), with manual 

samples also being taken for residual measurement, microbiological testing and other quality 

parameters. 

There are extensive written procedures for this supply which cover routine and non-routine 

tasks, including responses to abnormal events. The latter embrace both immediate 

operational events (alarms or faults) and abnormal analytical results. The hospital retains a 

consultant to review procedures as they are developed or modified. There is close 

cooperation between the hospital and the LA, with analytical results from sampling 

undertaken by hospital staff being copied to the LA. 

3.2.5 Hospital 

The second hospital visited is privately operated, and more remotely located, than the first. 

Sodium hypochlorite is currently used for disinfection, with chlorine residual monitored 

continuously (single instrument, manually recorded) and by manual sampling. The sodium 

hypochlorite dosing is due to be replaced with a calcium hypochlorite system. 

Consultants are retained to advise the hospital on water treatment strategy and have 

undertaken a risk assessment of the systems.  
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4. Critical differences between 
implementation of chemical disinfection in 
public and private supplies 

Task 3: Establish the critical differences in functionality and application of chemical 

disinfection techniques between public and private supplies in England and Wales. 

For the purposes of this comparison, private supplies have been split into three categories 

based on the experience of the site visits: 

 Community supplies: Serving rural communities, primarily domestic customers. 

Typically have a long history of providing water, originally without treatment, and thus 

include legacy infrastructure.  

 Commercial supplies: Supplies owned and operated by commercial undertakings for 

use within their commercial activity. 

 Hospital supplies: Supplies owned and operated by hospitals, serving staff, patients 

and visitors.  

A comparison of how key aspects of the design and operation of chemical disinfection are 

typically implemented by each category of private supply, and by public supplies, is given in 

Table 4.1. All the private supplies visited abstracted from groundwater sources, boreholes 

and/or springs. 
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Table 4.1 Comparison of key design/operation aspects of chemical disinfection as typically implemented in public and private 

supplies 

Aspect Public Private, community Private, commercial Hospital (public access) 

Provision of contact time Purpose-designed contact 

tank, providing a known 

contact time. 

Service reservoir, contact 

time not well defined but 

typically long. 

Storage tank.  

Determination of dose and contact time Typically based on a target 

Ct as determined from raw 

water quality and risk 

assessment. 

Target residual in service 

reservoir and/or 

distribution, informed by 

advice from LA. 

Based on accepted good 

practice. 

Based on accepted good 

practice. 

Monitoring of disinfectant residual Continuous measurement, 

with remote monitoring. 

Manual sampling. Continuous measurement, 

with remote monitoring. 

Continuous measurement, 

with remote monitoring. 

Monitoring of turbidity, pH Continuous measurement, 

with remote monitoring. 

No Manual sampling. Manual sampling. 

Dual/triple monitoring instruments Yes No No No 

Duplicated disinfection dosing plant Yes No No Yes 

Remote monitoring Yes No Yes Yes 

Automated warnings/shut-downs on 

failure of disinfection dosing 

Yes No Yes Yes 

Routine microbiological sampling to 

verify performance 

Yes No Yes Yes 

Documented procedures for routine 

operation and for responding to 

abnormal events 

Yes Limited Yes Yes 
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In three of the four community supplies visited, the only treatment applied is chemical 

disinfection, using sodium hypochlorite dosed with a single, flow-paced dosing pump. The 

common approach to flow-pacing is by use of an in-line water meter with a pulsed output 

connected to a positive displacement dosing pump such that there is one pump stroke for a 

set number of pulses. Manual adjustment is required to increase or reduce the dose. This 

arrangement is reasonable where disinfectant demand is stable, which is generally the case 

with groundwaters. The absence of any treatment other than disinfection is acceptable for 

groundwater sources provided they are of sufficiently high quality. Where there is evidence of 

surface interaction, such as at one of the community supplies where sediment in a spring 

source has been linked to rain events, filtration should be provided before disinfection is 

applied.  

Private supplies typically do not have a purpose-designed contact tank and do not apply the 

Ct concept to determine disinfection conditions. Contact time is provided by the service 

reservoir or storage tank, which are unlikely to have been designed with hydraulic efficiency in 

mind. They are generally relatively large, providing a hydraulic residence time from hours to 

days, so even if hydraulic efficiency is poor and the effective contact time is only 30% of the 

hydraulic residence time (see Appendix G, section G3), appreciable contact time is still 

provided. For example, if hydraulic residence time is 3 hours and the measured chlorine 

residual is 0.3 mg/L, then effective Ct = 0.3 x 0.3 x 180 = 16 mg.min/L. This meets the WHO 

guideline of 15 mg.min/L, and exceeds Ct values which might be applied by water companies 

to pristine groundwaters (5 – 10 mg.min/L).  

The source must be protected against contamination (for example by ensuring borehole liners 

extend above ground level; that livestock are kept away from, and vermin cannot enter, head 

chambers and service reservoirs). From the site visits it is evident that LA risk assessments 

have been valuable for identifying shortcomings in contamination prevention, and that supply 

owners have acted upon recommendations for improvement. Given the nature of these 

supplies it is not always possible to visually inspect potentially vulnerable infrastructure (for 

example, Figure D.16); owners should arrange internal inspections of storage tanks at least 

every five years.  

The absence of continuous monitoring in community supplies is understandable given the 

capital and operating costs of instruments. Since community supplies are unmanned, the 

utility of instrumentation that only provides a locally visible display would be limited, but the 

integration of mobile telecommunication technology makes remote access to sensor output 

possible via mobile phones, including the automatic sending of warning messages if readings 

fall outside defined limits. Such technology can also be linked to more basic sensors, for 

example to warn of low or high level in a tank, or of power failure.  

In principle, manual sampling to check disinfectant residual is adequate for groundwater 

sources because water quality is generally stable. The actual variability in quality of a source 

should be known from past experience, and should inform how frequently it is sampled. Daily 

sampling should be regarded as the default, but if experience shows little variation on a day-
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to-day basis, then a lower frequency may be justifiable. Sampling frequency should not be 

less than weekly. If there is evidence of weather events affecting water quality, then additional 

sampling when such events occur is advisable.  

None of the community supplies visited had any provision for turbidity monitoring. In public 

supplies, there is an explicit regulatory requirement under WSQ Regulation 26 to reduce 

turbidity to less than 1 NTU prior to disinfection, and thus monitoring turbidity is part of the 

verification process for disinfection. There is no equivalent regulatory requirement for private 

supplies, but it is a desirable target. Ideally, therefore, turbidity should be monitored whenever 

the disinfectant residual is monitored. This is particularly the case for surface water sources. 

For groundwater sources with no history of turbidity spikes, and for which LA monitoring 

results have not identified any turbidity issues, there is less need for routine turbidity 

monitoring.  

Groundwater pH is not expected to vary, so routine monitoring by the owner is not normally 

necessary. Routine pH monitoring is only essential if a supply includes a pH adjustment 

treatment step.  

An important consideration for owners of private supplies is planning for things going wrong. 

In the context of disinfection:  

 What events might result in the failure to apply disinfection? 

 How will events resulting in failure to apply disinfection be detected? 

 What are the responses to such events? 

‘Things going wrong’ can refer to activities under the control of the owner, and events outside 

his control. Running out of sodium hypochlorite, or contaminating the service reservoir when 

taking a dip sample, are two examples of the former. A mains power outage is an example of 

the latter. Appropriate written procedures should be in place, which may range from a simple 

checklist for routine inspections to an emergency communication plan for contacting supply 

customers. The owner also needs to consider what mitigation measures should be in place, 

such as having a procedure in place to batch dose the chemical disinfectant into the service 

reservoir, and what provision for an alternative water supply can be made. Where a single 

dosing pump is used, consideration needs to be given to having a spare to hand. Dosing 

pumps are expensive, and the owner should determine how long it would take to source a 

replacement in the event of failure and whether disinfection of the supply can be maintained 

by other means during that time.  
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5. Validation criteria 

Task 4: Compare the different types of validation criteria for various chemical 

disinfection treatment systems and their application across Europe. 

From discussion with the DWI at the first project meeting, ‘validation’ in the context of 

chemical disinfection systems is understood to refer to verification that the system applies the 

intended dose. 

5.1 European practices 

Contacts in seven European countries with whom WRc has collaborated on pan-European 

projects related to disinfection were approached, asking if they could answer the following 

questions in relation to disinfection of private supplies in their countries, or identify appropriate 

individuals who could: 

1. Who is responsible for regulating and inspecting private water supplies? 

2. Are there any regulations that control how chemical disinfection is used for private 

water supplies? (For example: water quality; minimum or maximum dose, or residual 

concentration, of the chemical disinfectant; minimum contact time). 

3. Where a private water supply uses chemical disinfection, what samples or 

measurements are taken to show that adequate disinfection is being applied? Are 

these samples or measurements taken by the owner of the supply, or by the regulating 

authority? 

4. Are there any Standards with which equipment used for chemical disinfection of private 

water supplies must comply? 

Of the seven countries, responses were received from four (Germany, Iceland, Netherlands 

and Sweden). Of the other three countries, in one case (Denmark) there was no response to 

the initial and follow-up approaches, while in the other two cases (Spain, Switzerland) the 

respective contacts forwarded the questions to colleagues whom they felt were in a better 

position to answer, but no replies were forthcoming. 

The full responses to the questions are reproduced in Appendix E, as received other than 

minor edits to assist readability. A summary is given below. 
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5.1.1 Germany 

Local authorities are responsible for regulating private supplies, and inform supply owners of 

monitoring requirements (parameters, frequency). If a supply uses a chemical disinfectant, the 

residual must be measured regularly or continuously. Equipment must be compliant with 

DVGW standards. 

5.1.2 Iceland 

Only UV disinfection is used. 

5.1.3 Netherlands 

Private supplies which are domestic only are not subject to regulation. Otherwise, they are 

subject to the Netherlands Drinking Water Directive (NL DWD), which is the Dutch 

implementation of the EU DWD. Regulation of such supplies is by the Ministry of 

Infrastructure and Water Management
7
 and the Inspectorate of Human Environment and 

Transport
8
. Most private supplies are unchlorinated groundwater.  

5.1.4 Sweden 

The quality of drinking water from private supplies is the owners’ responsibility. The Swedish 

National Food Agency and local authorities can provide advice to private supply owners, 

including recommendations of sampling parameters and frequencies, but are not responsible 

for monitoring, inspection or regulation of private supplies.  

5.2 Summary 

The only explicit requirements identified from the limited responses to this survey are from 

Germany, where supply owners who apply chemical disinfection must monitor the residual 

either at a frequency specified by the local authority, or continuously, and must use equipment 

compliant with relevant DVGW standards. 

 

                                                      

7
  https://www.government.nl/topics/drinking-water/preserving-drinking-water-quality 

8
  See contact details at: https://www.government.nl/ministries/ministry-of-infrastructure-and-water-

management/contact 

https://www.government.nl/topics/drinking-water/preserving-drinking-water-quality
https://www.government.nl/ministries/ministry-of-infrastructure-and-water-management/contact
https://www.government.nl/ministries/ministry-of-infrastructure-and-water-management/contact
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6. Standards 

Task 5: Review relevant British Standards, as well as other European and World 

standards for chemical disinfection treatment systems and identify which validation 

criteria would demonstrate suitability for use on a private water supply. 

Standards and guidelines that have been identified and, where possible, reviewed are 

summarised in Sections 6.1 (Europe, including UK) and 6.2 (worldwide). 

6.1 Standards and guidelines – Europe 

A variety of standards relating to water treatment equipment exist in Europe, some at national 

level and some at European level (CEN); the latter are published in the UK as BS EN 

Standards. 

6.1.1 National standards 

A list of national standards and regulations applicable to water treatment equipment is 

provided by the European Water Treatment Association (EWTA), a trade association 

representing companies and organisations involved with water treatment at point-of-entry 

(POE) and point-of-use (POU) level. Other standards have been identified, notably those from 

German (DVGW) and Austrian (ÖNORM) technical standards organisations. A summary of 

these standards is provided in Appendix F, Table F.1.  

The standards and regulations identified by EWTA are primarily related to materials of 

construction, which are already addressed in England and Wales (WSQ Regulation 31; PWS 

Regulation 5). Potentially of more relevance are the various DVGW and ÖNORM standards 

for chlorine and chlorine dioxide dosing systems listed in Table 6.1. These, however, relate to 

design and operation of such systems, not to the efficacy of disinfection achieved. 

Table 6.1 DVGW and ÖNORM standards 

Standard Description 

DVGW W229 05/2008 Describes the chemistry, properties and health and safety 

requirements of chlorine in its gas, aqueous and solid forms; the 

principles of dosing systems; and monitoring the disinfectant 

residual.  

DVGW W224 02/2010 Describes the chemistry, properties and health and safety 

requirements of chlorine dioxide and the different generation 

processes; the principles of dosing systems; and monitoring the 

disinfectant residual. 
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Standard Description 

DVGW W623(A) 03/2013 Provides more technical information on the design and operation of 

chlorine dosing systems.  

DVGW W624(A) 12/2015 Provides more technical information on the design and operation of 

chlorine dioxide generation and dosing systems.  

ÖNORM M-5879-2: 2013 

01 01 

Contains minimum requirements for plants and equipment used for 

the disinfection and oxidation of drinking water with sodium 

hypochlorite solution.  

ÖNORM M-5879-3: 2010 

11 01 

Contains requirements for the equipment and operation of fixed 

installations and plant components for the production of chlorine 

dioxide for the disinfection of drinking water. 

ÖNORM M-5879-4: 2005 

05 01 

Contains minimum requirements for plants and equipment used for 

the disinfection and oxidation of drinking water with sodium 

hypochlorite solution generated on-site by electrolysis of brine.  

 

While these standards do not relate to validation of chemical disinfection systems, they may 

be of use when assessing the suitability of existing or proposed chemical disinfection 

systems. 

6.1.2 CEN standards 

All EU and other western European countries recognise CEN standards. These are published 

in the UK as BS EN standards. A number of these apply to water treatment equipment, but 

only two conceivably apply to chemical disinfection: 

 EN 14812:2005+A1:2007 Water conditioning equipment inside buildings - Chemical 

dosing systems - pre-set dosing systems. 

 EN 15848:2010 Water conditioning equipment inside buildings - Adjustable chemical 

dosing systems.  

Both of these standards relate to generic dosing systems, although the scope of EN 14812 

explicitly includes dosing agents for the purpose of disinfection. Both standards, however, are 

concerned with the design and operation of the dosing systems; they are not concerned with 

the efficacy of the dosing agent.  

6.2 Standards and guidelines – Worldwide 

6.2.1 National standards 

A search has identified a number of standards and guidelines from outside Europe. These are 

summarised in Appendix F, Table F.1. Further discussion of those provided by selected 
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countries/bodies (WHO, USA, Australia and New Zealand) is provided in Sections 6.2.2 to 

6.2.5. 

6.2.2 WHO  

The WHO publishes extensive guidance related to the provision of safe drinking water. Its 

Guidelines for drinking-water quality (WHO, 2017a) is the source of the following 

recommendations: 

 For chlorine disinfection to be ‘effective ... there should be a residual concentration of 

free chlorine of ≥ 0.5 mg/L after at least 30 min contact time at pH < 8.0’; 

 ‘chlorine residual should be maintained throughout the distribution system’; and 

 ‘At the point of delivery, the minimum residual concentration of free chlorine should be 

0.2 mg/L’. 

The Guidelines also stress the potential interference of disinfection by turbidity, and 

recommend that turbidity ‘should be no more than 1 NTU and preferably much lower’.  

Indicative Ct values for chlorine dioxide and ozone are also provided.  

More extensive advice on the practical implementation of chlorine disinfection is provided by 

the Principles and Practices of Drinking Water Chlorination (WHO, 2017b). Although aimed at 

community supplies in developing countries, the principles described are generally applicable, 

and the document may be a useful reference for anyone responsible for a private supply 

utilising chlorination. 

The WHO recognises the health significance of household water treatment (HWT) 

technologies for the many people across the world currently without access to a reliable, 

treated water supply (WHO, 2015). It has therefore instigated the WHO International Scheme 

to Evaluate Household Water Treatment Technologies to provide a consistent basis for 

evaluating such technologies. For this scheme, health-based performance targets were 

established based on three levels of protection, subsequently given star (*) ratings, as 

summarised in Table 6.2. 
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Table 6.2 Performance targets for HWT technologies (adapted from WHO, 2011) 

Pathogen 

class 

Assumed number 

of microbes/L used 

in risk calculation 

Log10 reduction required 

Interim 

(*) 

Protective 

(**) 

Highly 

protective 

(***) 

Bacteria 1 Achieves 

‘Protective’ target 

for two classes 

and results in 

health gains 

≥ 2 ≥ 4 

Viruses 1 ≥ 3 ≥ 5 

Protozoa 0.1 ≥ 2 ≥ 4 

 

Two testing protocols have been developed for the evaluation of HWT technologies against 

these performance targets: 

 Harmonized Testing Protocol: Technology Non-Specific (WHO, 2014). 

 General Testing Protocol #1: Chlorine Chemical Point of Use Disinfectants Technology 

(WHO, 2014a). 

Common to these protocols are challenge tests using waters of specified qualities spiked with 

E. coli (representing bacteria), MS-2 and phiX-174 coliphages (representing viruses), and 

Cryptosporidium parvum (representing protozoa). Challenge concentrations, and production 

and assay procedures for the micro-organisms are specified. The method for calculating log 

reduction is given, and quality control criteria are set. The practicalities of the required tests 

vary depending upon whether the technology includes chemical dosing, and whether the 

technology operates batch-wise or continuously.  

The WHO maintains a list of products which have been evaluated in accordance with these 

protocols. A report summarising the first round of evaluations has been published (WHO, 

2016), which included two chemical disinfection products, both being designed for batch 

treatment of a specified volume of water: 

 ‘Aquatabs’, a brand of sodium dichloroisocyanurate tablets; and  

 ‘H2gO Purifier’, a hand-held device for generating a controlled quantity of sodium 

hypochlorite/hydrogen peroxide from brine by electrolysis.  

Both products specify the volume of water to be dosed, and a minimum contact time.  

The evaluations of both products for performance against bacteria and viruses, and the 

evaluation of the ‘H2gO Purifier’ for performance against Cryptosporidium, relied upon desk 
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reviews of existing data; only for the evaluation of ‘Aquatabs’ for performance against 

Cryptosporidium was experimental work undertaken in accordance with the General Testing 

Protocol #1. Both products were given an ‘Interim’ rating as defined in Table 6.2. The report 

noted that for the ‘H2gO Purifier’, the instructions recommended a 30 minute contact time with 

the standard dose, but the data provided for inactivation of Cryptosporidium related to higher 

doses and much longer contact times (as would be expected for chlorine-based disinfection); 

this data was excluded from the evaluation on the basis that it would place too much reliance 

on users to determine when to use higher doses/contact times than the standard 

recommended conditions. 

6.2.3 USA 

The NSF Protocol P231 Microbiological Water Purifiers was developed to provide minimum 

performance requirements for microbiological water purifiers, defined as units which ‘must 

remove, kill or inactivate all types of disease-causing microorganisms from the water, 

including bacteria, viruses and protozoan cysts’. It applies to systems having a flow rate of 

5 USgpm, treating water of unknown microbiological quality but ‘presumed to be potable’. The 

systems may use chemical, mechanical and/or physical technologies, but ‘chemical’ refers to 

chemicals which are incorporated into the design of the purifier such as halogenated resins, 

which might then be released or act as a bacteriostatic agent; chemical dosing is excluded.  

The protocol requires challenge tests to be performed using waters of specified quality, spiked 

with Klebsiella terrigena (representing bacteria), poliovirus and rotavirus (representing 

viruses) and Giardia muris or Giardia lamblia (representing protozoa). Physical filtration 

systems can optionally use particles of 4-6 µm instead of Giardia to demonstrate performance 

for protozoa. Production and assay procedures for the micro-organisms are specified. The 

method for calculating log reduction is given, and quality control criteria are set. This protocol 

is conceptually similar to that of the WHO (Section 6.2.2), but all of the challenge 

microorganisms are different. 

NSF/ANSI Standard 53 is applicable to physical removal devices, and, in terms of 

microbiological contaminants, is limited to Cryptosporidium and Giardia. 

6.2.4 Australia 

The individual states and territories are responsible for the regulation of public and private 

water supplies. In practice, all endorse the Australian Drinking Water Guidelines (ADWG), 

published by the National Health and Medical Research Council on behalf of the 

Commonwealth government (NHMRC, 2011). Chapter 4 of the ADWG advises on the 

application to small water supplies. The state and territory governments then publish their own 

guidelines for private supplies, which broadly aim to assist operators of private supplies to 

comply with the ADWG and relevant state/territory legislation. Examples include the New 

South Wales Private Water Supply Guidelines (NSW, 2016) and the Northern Territory’s 

Guidelines for Private Water Supply (NTG, 2012). 
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Taking NSW (2016) and NTG (2012) as examples, the state/territory guidelines apply to 

businesses or facilities that supply people with drinking water from an independent water 

supply, but exclude individual household supplies. 

In relation to disinfection, the guidelines note the importance of removing suspended particles. 

For chemical disinfection, the guidelines refer only to chlorine disinfection, using domestic 

liquid bleach (without additives such as fragrances), commercial sodium hypochlorite solution, 

or calcium hypochlorite. The dose should provide a free available chlorine (FAC) residual of 

0.5 mg/L after 30 minutes contact time. NSW (2016) suggests it is desirable to have at least 

0.5 mg/L FAC residual at the tap; NTG (2012) suggests 0.2 – 0.5 mg/L. The guidelines state 

that where filter devices are used for health reasons, they should be certified to AS/NZS 4348 

or NSF/ANSI Standard 53. In separate fact sheets published by the New South Wales 

Government
9
 relating to treatment of rainwater, surface water and groundwater, it is stated, in 

relation to chlorine disinfection systems, that: 

 Pre-filtration should be fitted to remove iron, manganese and other particulates, and 

that turbidity should be less than 1 NTU prior to disinfection (the target is < 0.2 NTU for 

effective filtration of Cryptosporidium or Giardia); 

 A pH greater than 8 reduces the effectiveness of chlorine disinfection; 

 Retention time after chlorine dosing should be at least 30 minutes, and minimum free 

chlorine residual should be 0.5 mg/L;  

 Residual chlorine test kit should be used for regular monitoring (e.g. daily or weekly). 

In terms of monitoring, E. coli should be monitored monthly (NTG, 2012) or at least monthly 

(NSW, 2016). Other chemical and physical quality parameters – as per ADWG – should be 

monitored annually (NTG, 2012) or at least annually (NSW, 2016). Where chlorine disinfection 

is used, chlorine residual should be monitored at a frequency appropriate for the source – it is 

suggested that daily monitoring may be necessary for a surface water source, but weekly may 

be sufficient for a rainwater supply. Records of monitoring results, changes to the treatment 

and maintenance or repair activities should be kept for at least two years. 

A Water Supply Quality Assurance Program (NSW, 2016) or Water Supply Management Plan 

(NTG, 2012) should be prepared and maintained for the supply, and should include a risk 

assessment, operating and maintenance procedures, and records of maintenance, incidents 

and analyses. 

                                                      

9
  Accessible from: http://www.health.nsw.gov.au/environment/water/Pages/private-supplies.aspx 

http://www.health.nsw.gov.au/environment/water/Pages/private-supplies.aspx
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The scope of AS/NZS 4348 allows for systems to be evaluated for removal/inactivation of 

bacteria, viruses and/or protozoa using defined challenge tests, the details of which are 

essentially the same as those in NSF Protocol P231.  

6.2.5 New Zealand 

Drinking water quality requirements are set by the national government in the Drinking-water 

Standards for New Zealand 2005 (Revised 2008) (DWSNZ), published by the Ministry of 

Health (MoH, 2008). Extensive guidelines are available to support implementation of the 

DWSNZ
10

. 

Public water supplies are the responsibility of local authorities, and must comply with the 

requirements of Sections 4 – 9 of the DWSNZ, which respectively specify criteria for bacterial, 

protozoal, viral, cyanotoxin, chemical and radiological compliance.  

Section 10 of the DWSNZ relates to ‘small’ supplies, (approximately) those supplying between 

25 and 500 people. Such supplies can opt either to accept the requirements of Sections 4 – 9, 

or to follow a water safety plan approach. If the water safety plan approach is adopted, 

compliance requires that: 

 The plan must identify the bacterial, chemical and protozoal challenges;  

 Appropriate treatment must be in place to meet the challenges identified in the plan; 

 Water quality and monitoring requirements specified in Section 10 of the DWSNZ must 

be met; and   

 If chlorine disinfection is used, a residual FAC concentration of 0.5 mg/L must be 

achieved after 30 minutes with pH less than 8.5, and turbidity must be less than 1 NTU. 

If there is a protozoal risk, microfiltration of pore size 1 μm or less (or otherwise 

warranted to achieve at least 3-log removal of Cryptosporidium spp. oocysts) must be 

fitted. 

Very small community supplies (where the number of persons supplied multiplied by the 

number of days per year supplied is less than 1500 ‘person days’) are exempt from having to 

demonstrate compliance with the DWSNZ, but must not supply water which does not meet 

the standards given in the DWSNZ. The guidelines recommend that these supplies follow the 

water safety plan approach. Other small supplies are defined as ‘self-supplied’: these are 

where the water is distributed only within the boundaries of a premise, or individual household 

supplies. The water supplied by both categories must be potable as defined by the DWSNZ. 

                                                      

10
  Accessible from: https://www.health.govt.nz/publication/guidelines-drinking-water-quality-

management-new-zealand 

https://www.health.govt.nz/publication/guidelines-drinking-water-quality-management-new-zealand
https://www.health.govt.nz/publication/guidelines-drinking-water-quality-management-new-zealand
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Advice for individual household supplies is provided in the guidelines, and in other documents 

(e.g. MoH, 2013). With respect to chlorination, the guidelines state that the “chlorine should 

be dosed to give a FAC level of at least 0.2 mg/L in the water 30-60 minutes after mixing”, 

which is not the same as the recommendation given by the DWSNZ. Both the guidelines and 

MoH (2013) refer to AS/NZS 4348. The guidelines also refer to various NSF standards 

relating to point-of-entry and point-of-use devices, although none of these relate to chemical 

disinfection. 

6.2.6 Discussion 

The essential requirement of any disinfection system is that it achieves its intended function. 

To be confident that it does so requires: 

1. Definition of its treatment objectives; 

2. Demonstration that it will achieve its treatment objectives under specified operating 

conditions; and 

3. Assurance that the operating conditions required to achieve its treatment objectives are 

maintained. 

The first two steps represent validation, and the third step verification. 

A sufficient amount of accumulated knowledge on the efficacy of the chlorine already exists 

for the WHO to be able to provide guideline operating conditions in terms of residual 

concentration, contact time, pH and turbidity. Equivalent guidelines published by Australian 

and New Zealand jurisdictions appear to be based on those of the WHO. It is important that 

any limitations of the guideline conditions are understood, notably in relation to protozoa. It is, 

however, recognised that a disinfection system can be designed and operated in accordance 

with such guidelines and without a need to validate the guideline conditions. Verification, 

however, is essential and is achievable by appropriate monitoring.  

The various WHO, NSF and AS/NZS standards and protocols provide means of validating the 

performance of systems. All these standards use challenge tests, with log-removal pass/fail 

criteria. They are aimed primarily at integrated physical or physical/chemical devices. To date, 

the WHO protocol has been applied to two chemical disinfection products, but in both cases 

the products have been designed for use without measurement of the disinfectant residual. 

One product is a disinfectant in tablet form, and, as part of the use of this product, the user is 

instructed to add the tablet to a specified volume of water and wait for a specified time. The 

other product is a pocket-size electrolysis device which generates a quantity of disinfectant 

from a measured volume of brine, which the user is then instructed to add to a specified 

volume of water and wait for a specified time.  
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When considering the relevance of standards and protocols in relation to chemical 

disinfection, it is informative to consider the case of UV disinfection. UV disinfection differs 

fundamentally from chemical disinfection in that with UV it is not possible in practice to 

monitor the dose
11

. Users of UV systems must instead rely on the systems having been 

validated in accordance with a standard or protocol designed to demonstrate that a system 

will apply sufficient UV dose to achieve some defined disinfection objective over a defined 

range of operating conditions. The UV validation procedures use challenge tests with non-

pathogenic micro-organisms, and the applied dose is inferred from the test results. The UV 

doses required for inactivation of pathogens of concern are sufficiently well known to enable 

the required dose to be specified for a given log inactivation
12

. Verification that a UV system is 

being operated within the range of conditions for which it has been validated is then achieved, 

in principle, by monitoring UV intensity and flow rate - although, as previously reported (Dillon 

et al., 2016), the instrumentation required to monitor UV intensity and flow rate is unlikely to 

be present on the smaller UV systems used for private supplies. 

 

 

 

 

 

 

                                                      

11
  In UV terminology, ‘dose’ is more correctly referred to as ‘fluence’, but ‘dose’ is in common use. 

When comparing UV and chemical disinfection, UV dose is actually equivalent to a Ct value rather 

than a chemical dose, because it is the product of UV intensity and exposure time. 
12

  The concept of UV dose in UV reactors is complicated by the fact that the UV sensitivity of a micro-

organism influences the dose, hence there is not a straightforward relationship between the applied 

dose inferred from a challenge test using a test micro-organism, and the dose that a target pathogen 

would receive. 
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7. Guide for private supply owners/users 

Task 6: Produce a simple guide to help private supply owners/users select and 

maintain a suitable chemical disinfection system. 

7.1 Guide to the selection of chemical disinfection systems 

What is a private supply? 

In general, a private water supply is any supply that is not provided by a water company. The 

supply may serve a single property or several properties, commercial or public premises, be 

permanent or temporary (e.g. for events such as festivals and fairs) and may be sourced from 

a well, borehole, spring, stream, lake, or similar.   

All private water supplies must meet regulations
13

 (PWS Regulations) which include quality 

standards to ensure that the water is safe to consume. The regulations include the 

requirement that a supply must ‘not contain any micro-organism, parasite or substance ... at a 

concentration or value that would constitute a potential danger to human health’. 

The regulations are implemented by local authorities who are responsible for monitoring 

private supplies
14

 through inspections (‘risk assessments’) and monitoring, and will advise of 

the actions to be taken if a supply fails to meet the required standards and/or are required to 

enforce where necessary in accordance with the regulations.   

What is chemical disinfection? 

Chemical disinfection is the dosing of a chemical to water to kill or inactivate harmful micro-

organisms and parasites that could otherwise cause illness if the water is consumed.  

The effectiveness of chemical disinfection depends on a number of factors: 

 The chemical disinfectants used; 

 The type of micro-organism or parasite; 

                                                      

13
  For England, The Private Water Supplies Regulations 2016 and The Private Water Supplies 

(England) (Amendment) Regulations 2018. For Wales, The Private Water Supplies (Wales) 

Regulations 2017. Available to download from: http://www.dwi.gov.uk/stakeholders/legislation/.  
14

  In England, a supply to a private single dwelling, where there is no commercial or public activity, is 

excluded from monitoring unless requested by the supply owner. In Wales, this exclusion applies 

except where the dwelling is part of a domestic tenancy. 

http://www.dwi.gov.uk/stakeholders/legislation/
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 Water quality; 

 The dose of chemical disinfectant applied; and 

 The contact time. 

What chemical disinfectants can be used? 

Only chemicals that meet the requirements of Regulation 5 of the PWS Regulations may be 

used in private supplies. For chemicals, this generally requires conformity with the relevant 

BS EN standard. Only products specifically produced for drinking water applications should be 

used. 

Chlorine 

Chlorine is the most common chemical disinfectant used for drinking water treatment. It can 

be supplied as a liquefied gas, as a liquid (sodium hypochlorite), or as a solid (calcium 

hypochlorite tablets). It is also possible to produce sodium hypochlorite locally by the 

electrolysis of brine.  

Chlorine dioxide 

Chlorine dioxide is normally generated at the point of use, most commonly by mixing solutions 

of sodium chlorite and either hydrochloric acid or sodium hypochlorite.  

How should chemicals be stored? 

Any storage instructions and ‘use-by’ dates provided by suppliers must be complied with.  

Specific advice for sodium hypochlorite solution 

Sodium hypochlorite solutions should not be exposed to light. 

High-strength solutions (14-15% active chlorine) should ideally be stored at or below 15
o
C. At 

temperatures above 15
o
C, such solutions should ideally be used within one month. At 15

o
C, 

such solutions should ideally be used within 2 months, and at lower temperatures should 

ideally be used within 3 months.  

If it is necessary to store sodium hypochlorite solution during the summer for longer than 

1 month in the absence of temperature control, a lower strength solution (e.g. 10% active 

chlorine) should be considered. 

Each delivery of solution should be consumed as a batch. Fresh solution should not be mixed 

with older stock. It is normally necessary to dilute high-strength solution to produce a lower 
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strength solution suitable for dosing; each batch of diluted solution should also be consumed 

and not mixed with a newer batch. 

Solutions with a delivered bromate concentration lower than that permitted for a Type 1 

product under BS EN 901:2013 should be specified. BS EN 901:2013 Type 2 solutions should 

not be used.  

Specific advice for on-site electrolysis (OSE) generated sodium 
hypochlorite solution 

OSE-generated solution should be consumed within 2 days of production. 

For non-membrane OSE equipment, salt which meets the specifications for a Type 1 product 

under BS EN 14805:2008 should be used.  

Is chemical disinfection effective for all micro-organisms and parasites? 

Broadly, chemical disinfectants are effective for bacteria (there are exceptions, notably spore-

forming bacteria such as Clostridia and Bacillus) and most viruses. Chlorine is not 

recommended for disinfection of Giardia (a type of parasite) and is ineffective for 

Cryptosporidium (another type of parasite). Chlorine dioxide is more effective for Giardia than 

chlorine, but ineffective for Cryptosporidium. If a source is considered to be at risk from 

Cryptosporidium or Giardia, it is recommended that ultraviolet (UV) disinfection
15

 be applied 

instead of, or in addition to, chemical disinfection. 

Why is water quality important and why pre-treatment may be needed? 

For chemical disinfection to be effective, the water must be clear and relatively free from 

certain dissolved substances that may react with the applied chemical, reducing its 

effectiveness towards micro-organisms and potentially causing aesthetic problems or 

problems with harmful by-products. Appropriate pre-treatment may therefore be needed. The 

water quality of any prospective raw water source must be tested in order to identify what 

treatment is necessary. The local authority will be able to advise on accredited laboratories, 

and may be able to provide this service itself. 

The cloudiness of water is measured as turbidity. Turbidity is caused by fine particulate 

matter, which can shield micro-organisms from the chemical disinfectant. 

                                                      

15
 Guidance on UV disinfection can be found at:  

http://www.dwi.gov.uk/private-water-supply/regs-guidance/Guidance/UV-households.pdf 

 

http://www.dwi.gov.uk/private-water-supply/regs-guidance/Guidance/UV-households.pdf
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Groundwater, especially, can contain dissolved metals such as iron and manganese, or 

dissolved hydrogen sulphide, which react with chemical disinfectants to produce nuisance 

solids. Dissolved natural organic matter reacts with chemical disinfectants to varying degrees, 

generating undesirable disinfection by-products. Some specific disinfection by-products are 

included in the water quality regulations, and there is a regulatory requirement to operate 

disinfection to “…keep disinfection by-products as low as possible without compromising the 

effectiveness of the disinfection”.  

Ammonia can be present in surface or groundwater sources. It reacts with chlorine, the 

products of the reaction being dependent on the relative proportions of chlorine and ammonia. 

Chlorine consumed in reactions with ammonia will not be available for disinfection, so the 

concentration of ammonia must be accounted for when determining the chlorine dose. 

Chlorine dioxide does not react with ammonia. 

The pH of the water influences the disinfection strength of chlorine. The pH for chlorine 

disinfection should be less than pH 8. The disinfection strength of chlorine dioxide is relatively 

insensitive to pH across the range pH 6-9. 

Disinfection occurs more slowly at lower temperatures. 

Free, Combined and Total Chlorine 

After chlorine is added to water, it can exist in two forms before it is consumed: 

 unreacted or ‘free’ chlorine; or 

 ‘combined’ chlorine (particularly when ammonia is present). 

The sum of ‘free chlorine’ and ‘combined chlorine’ concentrations is called ‘total chlorine’. 

It is the ‘free chlorine’ concentration which is of primary significance for chlorine disinfection, 

because it is a much stronger disinfectant than ‘combined chlorine’
16

.  

What dose is needed? 

The effectiveness of a chemical disinfectant depends on both the concentration of the 

chemical and the contact time. The required exposure to disinfectant can be expressed in 

terms of the product of concentration (C, mg/L) and contact time (t, minutes), Ct. Under the 

regulations that apply in England and Wales there are no prescribed values of C, t or Ct, but 

                                                      

16
 Ammonia is sometimes added deliberately to form combined chlorine, which, although a weaker 

disinfectant than free chlorine, provides a longer-lasting residual. 
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guidance is provided by the World Health Organisation
17

 (WHO) and the United States 

Environmental Protection Agency
18

 (USEPA): 

 Chlorine 

 WHO: For disinfection of bacteria and viruses, there should be a free chlorine 

concentration of ≥ 0.5 mg/L after at least 30 minutes contact time (so Ct = 30 x 

0.5 = 15 mg.min/L), at pH < 8.0. At the point of delivery, the minimum free 

chlorine concentration should be 0.2 mg/L.  

 Chlorine dioxide 

 WHO: Ct of 2 (at 10
o
C) - 30 (at 0

o
C) mg.min/L for 99% inactivation of viruses, 

pH 7-9. 

 USEPA: Ct of 13 (at 20
o
C) - 33.4 (at 5

o
C) mg.min/L for 99.99% inactivation of 

viruses, pH 6-9. 

 USEPA: Ct of 15 (at 20
o
C) - 26 (at 5

o
C) mg.min/L for 99.9% inactivation of 

Giardia, pH 6-9. 

If using chlorine dioxide, there is a regulatory restriction (in Annex 2 of the Approved 

Products list
19

, which applies under PWS Regulation 5) on how much can be dosed: 

the sum of chlorine dioxide, chlorate and chlorite concentrations must not exceed 

0.5 mg/L. The practical consequence is that unless there is close control of dose, it 

should be limited to 0.5 mg/L.   

What concentration is used to calculate Ct? 

The concentration of disinfectant decays over time, so the concentration used to determine Ct 

is that measured at the outlet of the system, i.e. after the contact time t, as indicated in Figure 

7.1. 

                                                      

17
  WHO (2017). Guidelines for Drinking-water Quality (4

th
 edition incorporating the First Addendum). 

http://apps.who.int/iris/bitstream/handle/10665/254637/9789241549950-

eng.pdf;jsessionid=333F280D00A8B037844DDA7A2B142A1B?sequence=1 
18

  USEPA (2003). LT1ESWTR Disinfection Profiling and Benchmarking Technical Guidance Manual. 

EPA 816-R-03-004. 

http://files.dep.state.pa.us/Water/BSDW/DrinkingWaterManagement/Regulations/Disinfection_Profili

ng_Guidance_Manual-EPA%20816-R-03-004.pdf 
19

  http://www.dwi.gov.uk/drinking-water-products/approved-products/index.htm 

http://apps.who.int/iris/bitstream/handle/10665/254637/9789241549950-eng.pdf;jsessionid=333F280D00A8B037844DDA7A2B142A1B?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/254637/9789241549950-eng.pdf;jsessionid=333F280D00A8B037844DDA7A2B142A1B?sequence=1
http://files.dep.state.pa.us/Water/BSDW/DrinkingWaterManagement/Regulations/Disinfection_Profiling_Guidance_Manual-EPA%20816-R-03-004.pdf
http://files.dep.state.pa.us/Water/BSDW/DrinkingWaterManagement/Regulations/Disinfection_Profiling_Guidance_Manual-EPA%20816-R-03-004.pdf
http://www.dwi.gov.uk/drinking-water-products/approved-products/index.htm
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Figure 7.1 Schematic of chemical disinfection system. 

 

 

 

What contact time is used to calculate Ct? 

The average retention time of water in the contact tank, Tav, is determined from the volume of 

water in the contact tank, V, and the volumetric flow rate, Q: 

𝑇𝑎𝑣 =
𝑉

𝑄
 

In a real tank or vessel, there is likely to be some degree of short-circuiting, so some 

proportion of the water is retained in the contact tank for less than Tav. The contact time used 

to calculate Ct should make allowance for this. In the absence of any better estimate the 

effective contact time used to calculate Ct should be assumed to be 30% of the average 

retention time. 

What monitoring is required? 

Where a disinfection process is included as part of treatment of a private water supply, it is a 

regulatory requirement to: 

1. Ensure that the effectiveness of the disinfection process is maintained; and 

2. Verify the effectiveness of the disinfection process. 

To comply with these requirements, the residual disinfectant concentration must be 

monitored. Options for measuring residual concentration are: 

 Test strips. A test strip is dipped in a sample of the water, and a reagent coating on the 

test strip reacts with the disinfectant causing a colour to develop, the intensity of which 

is related to disinfectant concentration. This is the simplest option, but has the lowest 

resolution – the colour scale graduations are typically in steps of 0.5 mg/L. Test strips 

are not recommended for verification monitoring because of the low resolution. They 

may be useful for determining presence/absence of a residual at a customer’s tap. 

 Comparators. These are manual instruments, whereby a reagent (in tablet, powder or 

liquid form) is added to a sample of water in a glass tube or cuvette, causing a colour to 

develop, the intensity of which is related to disinfectant concentration. The reagent is 
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usually N,N-diethyl-p-phenylenediamine (DPD), which imparts a red colour on reaction 

with the disinfectant. The colour is then visually compared to a coloured scale, typically 

graduated in steps of 0.2 mg/L. There is some subjectivity in the result when 

interpolating between graduations, and further variability might be introduced if using 

such a device under different light conditions. The scale should be chosen such that the 

target residual concentration being measured is towards the middle of the scale range; 

hence if the target residual is 0.3 mg/L, a scale range of 0 – 1.0 mg/L is suitable. 

 Colorimeters/Photometers. These are electronic instruments, whereby a reagent (in 

tablet, powder or liquid form) is added to a sample of water in a glass tube or cuvette, 

causing a colour to develop, the intensity of which is related to disinfectant 

concentration. The reagent is usually DPD, which imparts a red colour on reaction with 

the disinfectant. Concentration is determined automatically by passing a beam of light 

of fixed wavelength through the sample and measuring how much of the light is 

transmitted relative to a blank sample. Accuracy is about ±0.05 mg/L. This type of 

device removes the subjectivity of visually comparison, and avoids possible variability 

of different light conditions. 

 Amperometric sensors. The disinfectant concentration is measured using an electrode. 

Sensors of this type are more commonly used for continuous monitoring, but some 

portable meters are available. They are not suitable for users without appropriate 

technical experience because of the care and maintenance requirements of the 

sensors. 

How frequently the residual concentration should be monitored depends on how variable it is. 

Daily monitoring is the default. If experience shows little day-to-day change, then less 

frequent monitoring may be justifiable; the minimum frequency is weekly. 

Turbidity is measured by determining the extent of light scatter. Portable instruments are 

available, but are relatively expensive (c. £1,000). On cost grounds such an instrument is 

difficult to justify for the smallest supplies (single domestic dwellings). For larger supplies, a 

judgement must be made taking account of the nature of the water source, the adequacy of 

treatment, and the nature of the supply (domestic or commercial), as to whether the additional 

assurance of water quality provided by routine monitoring of turbidity justifies the cost.  

The disinfection pH should be checked. Test strips are the simplest means, but strips with a 

broad pH range (0-14 or 1-13) should be avoided because resolution will be low. Simple 

electrodes are available but may need routine maintenance such as periodic calibration to 

retain accuracy. Variability of pH will normally be lower in groundwater sources than surface 

water, and this will influence frequency of measurement. 
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How should the treatment system be operated and maintained? 

All treatment units must be operated and maintained according to manufacturers’/suppliers’ 

instructions. In particular, cartridges and filters must be replaced at recommended intervals. 

Service contracts with specialist companies should be considered, particularly for more 

complex systems. 

When any maintenance is performed on the treatment system or infrastructure, precautions 

must be taken to avoid contamination. It is recommended that dedicated tools are kept for the 

purpose of working on any part of the system that is in contact with the water.   

Planning for loss of disinfection 

It is particularly important for supplies which have multiple customers to have plans in place 

for responding to events which might cause loss of disinfection. Owners should consider the 

following questions: 

 What might happen that will result in loss of disinfection? 

 What operational or procedural steps can be taken to minimise risk of loss of 

disinfection? 

 How will loss of disinfection be detected? 

 Can the distribution to customers of water which hasn’t been disinfected be prevented? 

 How will customers be contacted, and what advice will they be given? 

 What contingency arrangements are there to provide an alternative supply? 

These plans should be documented, made available to and be understood by all involved in 

operating the supply. They should be discussed with the LA, as they are likely to inform the 

risk assessment of the supply that the LA undertakes.  

Can disinfected water be stored? 

Disinfection with chlorine or chlorine dioxide provides a disinfectant residual. In principle, it is 

safe to store chemically disinfected water for as long as a measurable residual remains. It is, 

however, critical that any water storage tanks are secure from contamination and are 

hygienically maintained. 

Where can I obtain further information? 

Further information can be obtained from: 



Defra 
 

Report Reference: DEFRA13022.05/16852-0 
June 2019 

© Defra 2019 56 

1. Your local authority. 

2. The Drinking Water Inspectorate (DWI)  

(http://dwi.defra.gov.uk/private-water-supply/index.htm).  

3. Manual on Treatment for Small Water Supply Systems (updated report)   

(http://www.dwi.gov.uk/private-water-

supply/RHmenu/Updated%20Manual%20on%20Treatment%20for%20Small%20Suppli

es.pdf)  

4. Principles and Practices of Drinking-water Chlorination (WHO) 

http://www.searo.who.int/entity/water_sanitation/documents/Drinking_Water_Chlorinati

on/en/ 

 

http://dwi.defra.gov.uk/private-water-supply/index.htm
http://www.dwi.gov.uk/private-water-supply/RHmenu/Updated%20Manual%20on%20Treatment%20for%20Small%20Supplies.pdf
http://www.dwi.gov.uk/private-water-supply/RHmenu/Updated%20Manual%20on%20Treatment%20for%20Small%20Supplies.pdf
http://www.dwi.gov.uk/private-water-supply/RHmenu/Updated%20Manual%20on%20Treatment%20for%20Small%20Supplies.pdf
http://www.searo.who.int/entity/water_sanitation/documents/Drinking_Water_Chlorination/en/
http://www.searo.who.int/entity/water_sanitation/documents/Drinking_Water_Chlorination/en/
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8. Guide for local authorities 

Task 7: Produce guidance to help local authorities assess the suitability of existing 

chemical disinfection systems. 

8.1 Introduction 

Summary of legislation, responsibilities and roles 

The Drinking Water Directive (98/83/EC) requires water intended for human consumption to 

be wholesome and clean and not a risk to public health. The Drinking Water Directive for 

private supplies is implemented in England by the Private Water Supplies Regulations 2016 

and The Private Water Supplies (England) (Amendment) Regulations 2018; and in Wales by 

the Private Water Supplies (Wales) Regulations 2017. 

The Drinking Water Inspectorate (DWI) is the competent authority for ensuring that the 

Drinking Water Directive requirements are met in England and Wales. The DWI has a 

statutory role to supervise local authorities in relation to the implementation of the Private 

Water Supplies (PWS) Regulations, including the provision of technical and scientific advice. 

Local authorities are the regulators for private water supplies and have a number of statutory 

duties under the Private Water Supplies Regulations. These duties include the requirement to 

carry out risk assessments and monitor private water supplies to determine compliance with 

drinking water standards. A supply to a private, single domestic dwelling, where there is no 

commercial or public activity, and (Wales only) is not part of a domestic tenancy, as defined in 

Regulation 10, is excluded from the risk assessment and monitoring requirement unless 

requested by the supply owner or occupier; however, LAs may choose to monitor such a 

supply, at their own expense, if they suspect a potential risk to health. 

The local authority has enforcement powers to require that a supply that is unwholesome or a 

potential danger to human health is improved by the relevant person(s) (as defined in Section 

80 of the Water Industry Act 1991).  

Risk assessment 

The risk assessment carried out by a local authority considers all hazards and potential 

hazards from source to tap on private water supplies in its area, excluding those to single 

dwellings only (unless rented to tenants), including: 

 the likelihood of contamination at the source of the supply and the surrounding 

catchment area;  
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 checks of any collection chambers, storage tanks, treatment systems and associated 

pipe work;  

 identification of actual and potential hazards that may affect the health of those 

consuming the water; and 

 identification of where remedial action is necessary to make sure the water supply is 

wholesome and safe to drink. 

Whilst the requirements of a local authority with regard to a private supply are wide ranging, 

this guidance considers only those aspects related to chemical disinfection. 

What is chemical disinfection? 

The objective of chemical disinfection is to kill or inactivate harmful micro-organisms and 

parasites that could otherwise cause illness if consumed in drinking water.  

The effectiveness of chemical disinfection depends on a number of factors: 

 The disinfectant chemical used; 

 The type of micro-organism or parasite; 

 Water quality; 

 The dose of disinfectant chemical applied; 

 The contact time; and 

 The numbers of micro-organisms present. 

What chemical disinfectants can be used? 

Only chemicals that meet the requirements of Regulation 5 of the PWS Regulations can be 

used for private supplies. Only products specifically produced for drinking water applications 

should be used. 

Chlorine 

Chlorine is the most common chemical disinfectant used for drinking water treatment. It can 

be supplied as a liquefied gas, as a solution (sodium hypochlorite), or as a solid (calcium 

hypochlorite tablets). It is also possible to produce sodium hypochlorite locally by the 

electrolysis of brine.  
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Chlorine dioxide 

Chlorine dioxide is normally generated at the point of use, most commonly by mixing solutions 

of sodium chlorite and either hydrochloric acid or sodium hypochlorite.  

8.2 Guidance aligned with DWI Risk Assessment Lite Tool 

The guidance in this section is aligned to those parts of the DWI Risk Assessment Lite Tool 

which may apply to chemical disinfection. 

8.2.1 Catchment, Section B 

If there is a risk of Cryptosporidium being present in the water source, neither chlorine nor 

chlorine dioxide can be relied upon to provide adequate disinfection. 

8.2.2 Treatment plant 

Section P1: Does the plant design take into account the raw water 
quality? 

Raw water quality parameters that can interfere with chemical disinfection are listed below.  

Turbidity 

Turbidity is caused by fine particulate matter, which can shield micro-organisms from the 

chemical disinfectant. Ideally, turbidity at the point of disinfection should not exceed 1 NTU. 

Iron and manganese 

Dissolved iron and manganese will react with, and consume, chemical disinfectants, and 

precipitate nuisance solids. Both metals are more likely to be present in a dissolved state in 

groundwater which is low in dissolved oxygen.  

Hydrogen sulphide 

Hydrogen sulphide will react with, and consume, chemical disinfectants, and may precipitate 

nuisance solids. It may be present in a dissolved state in groundwater which is low in 

dissolved oxygen. 

Ammonia 

Ammonia can be present in surface or groundwater sources as ammonium ion. It reacts with 

chlorine, the products of the reaction being dependent on the relative proportions of chlorine 

and ammonia. Chloramines may be formed which are much weaker disinfectants than free 

chlorine and may impart objectionable taste and odour. Other chemical disinfectants do not 

react with ammonia. 
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Natural organic matter and colour 

Dissolved natural organic matter reacts with chemical disinfectants to varying degrees, 

generating undesirable disinfection by-products. The principal concern under the current 

water quality regulations is the formation of trihalomethanes (THMs) by chlorination. Coloured 

waters are likely to be particularly high in dissolved organic matter. Another group of 

halogenated organic compounds, haloacetic acids (HAAs), are included in the proposed 

revisions of the Drinking Water Directive and thus are likely to be incorporated into future UK 

regulations. 

pH 

The pH of the water influences the disinfection strength of chlorine. The pH for chlorine 

disinfection should be less than pH 8. The disinfection strength of chlorine dioxide is relatively 

insensitive to pH across the range pH 6-9. 

Section P2: Is there adequate pre-treatment (e.g. cartridge filters) in 
place if required? 

Options for treatment of water quality parameters that can interfere with chemical disinfection 

include those given below. Further guidance on treatment processes is available from the 

DWI website: http://www.dwi.gov.uk/private-water-supply/installations/treatment-guide.html 

Turbidity 

For small supplies, disposable cartridge filters are suitable. Media filters with backwash facility 

might be more appropriate for larger supplies. Membrane filtration is another option. 

Iron and manganese 

Removed by oxidation and filtration using catalytic media in proprietary units.  

Hydrogen sulphide 

For low concentrations of hydrogen sulphide, granular activated carbon (GAC), aeration or a 

combination of the two may be sufficient. Catalytic media used for iron and manganese 

removal may also oxidise hydrogen sulphide. Oxidation by chlorine is another option. 

Natural organic matter and colour 

Removed by activated carbon cartridges, ion exchange, or some types of membrane filter. 

Ammonia 

Ammonia reacts with chlorine, and if present in trace amounts can be removed by a process 

known as breakpoint chlorination. The chlorine consumed by reactions with ammonia is not 

available for disinfection. Higher concentrations of ammonia are problematic – the amount of 

chlorine required for breakpoint chlorination can be excessive, and the process is difficult to 

control, with a risk of generating chloramines which have objectionable taste and odour.  

http://www.dwi.gov.uk/private-water-supply/installations/treatment-guide.html
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8.2.3 Treatment plant: Disinfection: chlorination  

Section S4 Are the chemicals of drinking water grade? 

Solutions of sodium hypochlorite with a bromate concentration compliant with the BS EN 

901:2013 Type 1 specification should generally be used. If there is potential for the chlorine 

dose to exceed 4 mgCl2/L, a solution with a bromate concentration lower than that permitted 

by the Type 1 specification should be used. 

Where sodium hypochlorite is generated by on-site electrolysis (OSE) of brine using non-

membrane OSE equipment, salt which meets the specifications for Type 1 product under 

BS EN 14805:2008 should be used. 

Section S5 Is the existing dosing effective? 

The effectiveness of a chemical disinfectant depends on both the concentration, C, of the 

chemical and the contact time, t. The regulations that apply in England and Wales do not 

prescribe values of C or t. The World Health Organisation
20

 (WHO) recommends that for 

disinfection of bacteria and viruses: 

 There should be a free chlorine concentration of ≥ 0.5 mgCl2/L after at least 30 minutes 

contact time, at pH < 8.0.  

 Turbidity should not exceed 1 NTU.  

 At the point of delivery, the minimum free chlorine concentration should be 0.2 mgCl2/L. 

The free chlorine concentration must be measured after the contact time has elapsed, as 

indicated in Figure 8.1.  

Figure 8.1 Schematic of chemical disinfection system 

 

 

 

 

                                                      

20
  WHO (2017). Guidelines for Drinking-water Quality (4

th
 edition incorporating the First Addendum). 

http://apps.who.int/iris/bitstream/handle/10665/254637/9789241549950-

eng.pdf;jsessionid=333F280D00A8B037844DDA7A2B142A1B?sequence=1 
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http://apps.who.int/iris/bitstream/handle/10665/254637/9789241549950-eng.pdf;jsessionid=333F280D00A8B037844DDA7A2B142A1B?sequence=1
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𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑟𝑒𝑠𝑖𝑑𝑒𝑛𝑐𝑒 𝑡𝑖𝑚𝑒,    𝐻𝑅𝑇 =
𝑉

𝑄
 

The effective contact time is less than the hydraulic residence time (HRT) as defined in Figure 

8.1 because of short-circuiting. A purpose-designed contact tank is configured to promote 

plug flow, which means minimising short-circuiting, stagnant zones and axial mixing, such that 

each discrete volume of water passing through the tank has a similar residence time as close 

as possible to the HRT. This is achieved in various ways, including: 

 The inlet should disperse the flow over the full width and avoid jetting.  

 The outlet should collect the flow from across the full width and avoid discharging from 

a single point. 

 In the absence of baffles, a longer, narrower tank is preferable to a shorter, squat tank. 

 There may be baffles within the tank to promote a longer, narrower flow path.  

Features that will promote short-circuiting include: 

 Relatively small-bore inlet pipe entering tank through the wall, discharging in the 

general direction of flow.  

 Relatively small-bore outlet pipe leaving tank through the wall. 

 Bell-mouth or stand-pipe type outlet. 

 Inlet and outlet at same end of the tank. 

In practice, it is often the case with private supplies that the dosed water discharges into a 

storage tank that is essentially a service reservoir rather that a contact tank, and which was 

not designed with hydraulic efficiency in mind. The HRT may be very large – from many hours 

to days – in which case if there is a measurable chlorine residual at the outlet it can be 

reasonably assumed that the WHO recommendation has been met in terms of chlorine 

residual and contact time. If the HRT is less than 6 hours, a closer inspection of the tank is 

advisable to check if severe short-circuiting is possible. If HRT is less than 2 hours, a closer 

inspection of the tank is essential, because if poorly designed the risk of not providing an 

effective contact time of 30 minutes is high. 

Flow in a pipe is inherently closer to plug flow than can be achieved in a tank, and if there is 

no contact tank then the distribution system may provide sufficient effective contact time. 
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Records of all chlorine residual measurements should be available from the supply 

owner/operator. Small systems might not have a flowmeter, but should have a water meter, 

from the readings of which the flow rate can be estimated. 

8.2.4 Treatment plant: Other  

Section T1 Are all chemicals used for water treatment approved and in 
date? 

Specific advice for storage of sodium hypochlorite solution 

Sodium hypochlorite solutions should not be exposed to light. 

Long-term storage of high-strength solutions (14-15% active chlorine) is incompatible with the 

current regulatory requirement to minimise disinfection by-products because of the generation 

of chlorate as hypochlorite decays, and risks breaching a future PCV for chlorate of 0.25 mg/L 

that has been proposed by the EU. Ideally, 14-15% solutions should be stored at a 

temperature below 15
o
C. At temperatures above 15

o
C, such solutions should ideally be used 

within one month. At 15
o
C, such solutions should ideally be used within 2 months, and at 

lower temperatures should ideally be used within 3 months.  

If it is necessary to store sodium hypochlorite solution during the summer for longer than 

1 month in the absence of temperature control, a lower strength solution (e.g. 10% active 

chlorine) should be considered. 

Each container of solution should be consumed as a batch. Fresh solution should not be 

mixed with older stock. 

Specific advice for on-site electrolysis (OSE) generated sodium hypochlorite solution 

OSE-generated solution should be consumed within 2 days of production. 

For non-membrane OSE equipment, salt with a bromide concentration lower than that 

permitted for a Type 1 product under BS EN 14805:2008 is preferable. BS EN 14805:2008 

Type 2 salt should not be used. 

Specific advice for chlorine dioxide 

There is a regulatory restriction (in Annex 2 of the Approved Products list
21

, which applies 

under PWS Regulation 5) on how much can be dosed: the sum of chlorine dioxide, chlorate 

and chlorite concentrations must not exceed 0.5 mg/L. The practical consequence is that 

unless there is close control of dose, it should be limited to 0.5 mg/L. 

                                                      

21
  http://www.dwi.gov.uk/drinking-water-products/approved-products/index.htm 

http://www.dwi.gov.uk/drinking-water-products/approved-products/index.htm
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8.2.5 Distribution: Distribution network  

Section V3 Is there evidence of disinfection by-products in the network? 

While a high free chlorine concentration does impart taste and odour, and will increase by-

product formation, THMs themselves are unlikely to be detectable by taste.  

A strong chlorinous taste could indicate the presence of chloramines, and thus of ammonia in 

the raw water.  

If using chlorine dioxide, chlorite and chlorate are generated as by-products. As a 

consequence, there is a regulatory restriction (in Annex 2 of the Approved Products list
19

, 

which applies under PWS Regulation 5) on how much chlorine dioxide can be dosed: the sum 

of chlorine dioxide, chlorate and chlorite concentrations must not exceed 0.5 mg/L. The 

practical consequence is that unless there is close control of dose, it should be limited to 

0.5 mg/L. 

8.2.6 Distribution: Storage  

Section W8 Are the reservoirs regularly maintained and cleaned with 
appropriate records? 

Sediment can harbour bacteria, so is not desirable. If a reservoir requires periodic cleaning to 

remove accumulations of sediment, then the source of the sediment should be investigated as 

it would suggest inadequate treatment is being applied before disinfection; the sediment could 

be due to particulate material in the raw water, or precipitation of dissolved metals. 

Alternatively, there could be ingression.  

8.3 Sources of additional information 

Further information can be obtained from: 

 The Drinking Water Inspectorate (DWI)   

(http://dwi.defra.gov.uk/private-water-supply/index.htm) 

 Private Water Supplies (Technical and Sampling Manuals)   

(www.privatewatersupplies.gov.uk) 

 Manual on Treatment for Small Water Supply Systems (updated report)   

(http://www.dwi.gov.uk/private-water-

supply/RHmenu/Updated%20Manual%20on%20Treatment%20for%20Small%20Suppli

es.pdf)  

 Principles and Practices of Drinking-water Chlorination (WHO) 

(http://www.searo.who.int/entity/water_sanitation/documents/Drinking_Water_Chlorinati

on/en/) 

http://dwi.defra.gov.uk/private-water-supply/index.htm
http://www.privatewatersupplies.gov.uk/
http://www.dwi.gov.uk/private-water-supply/RHmenu/Updated%20Manual%20on%20Treatment%20for%20Small%20Supplies.pdf
http://www.dwi.gov.uk/private-water-supply/RHmenu/Updated%20Manual%20on%20Treatment%20for%20Small%20Supplies.pdf
http://www.dwi.gov.uk/private-water-supply/RHmenu/Updated%20Manual%20on%20Treatment%20for%20Small%20Supplies.pdf
http://www.searo.who.int/entity/water_sanitation/documents/Drinking_Water_Chlorination/en/
http://www.searo.who.int/entity/water_sanitation/documents/Drinking_Water_Chlorination/en/
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9. Pilot study 

Propose a pilot study to determine the suitability / performance of the most common 

chemical disinfection system(s). 

It was agreed that such a pilot study was inappropriate for chemical disinfection. 
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10. Conclusions 

10.1 Validation and verification 

Tasks 4 and 5 of this project refer to the validation of chemical disinfection systems. 

‘Validation’ is considered to mean a practical demonstration that a system can achieve some 

stated performance objective under defined operating conditions. In the context of 

disinfection, this objective would be expressed in terms of inactivation or removal of some 

specified micro-organism(s). ‘Verification’ refers to demonstrating that the operating 

conditions necessary to assure disinfection are being maintained. There is sufficient 

accumulated knowledge of the efficacy of chlorine (and chlorine dioxide) for the operating 

conditions necessary for practical disinfection objectives to be understood, and hence for 

such chemical disinfection systems it is appropriate to focus on verification to demonstrate 

performance rather than validation. 

10.2 Chemical disinfection in UK public supplies 

The use of chlorine for primary chemical disinfection of public water supplies is universal. 

In terms of quantity used, chlorine gas is the most common source, followed by commercial 

sodium hypochlorite and OSE-generated sodium hypochlorite. 

The Ct concept is widely used by water companies in the determination of appropriate 

conditions (in relation to exposure to chlorine) for achieving disinfection.  

Contact time is normally provided by a designed-for-purpose contact tank. 

Chlorine dose is automatically controlled, typically based on continuous monitoring of residual 

concentrations at both the inlet and outlet of the contact tank. Dose is also flow-paced. 

Turbidity is continuously monitored, typically at both the inlet and outlet of the contact tank, to 

verify compliance with the regulatory requirement to ensure turbidity is below 1 NTU during 

disinfection. Dual- or triple-validated instruments are used to measure residual concentration 

and turbidity for control and/or verification purposes. It is usually the case that pH and 

temperature are also monitored continuously. 

It is normal practice for water companies who use sodium hypochlorite take steps to limit 

decay of the product during storage. 

All water companies who use commercial sodium hypochlorite specify ultra-low bromate 

product. Those using OSE-generated sodium hypochlorite specify low bromide salt. 
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10.3 Chemical disinfection in private supplies 

Commercial sodium hypochlorite is the most commonly used chemical disinfectant for potable 

water supplies. OSE-generated sodium hypochlorite and chlorine dioxide are also used. 

Chlorine dioxide is commonly used for supplies provided for food and drink processing. 

Private supplies are unlikely to incorporate a purpose-designed contact tank to provide the 

contact time for disinfection. Contact time is likely to be provided by storage tanks or 

reservoirs. 

Chemical disinfection of private supplies is likely to be operated on the basis of maintaining a 

target residual concentration entering the distribution system. 

Community supplies (those serving only, or predominantly, domestic properties): 

 are likely to be reliant upon manual sampling to monitor residual disinfectant 

concentration; 

 are unlikely to routinely monitor any other water quality parameter; 

 are unlikely to include any remote monitoring or detection of failures (such as devices 

that might provide automated warning of power outages); and 

 often have a long history and incorporate legacy infrastructure, notably service 

reservoirs, the condition of which can be difficult to assess.  

Commercial supplies (those operated by commercial entities to serve their commercial 

activities): 

 are likely to include continuous monitoring of residual disinfectant concentration;  

 are likely to monitor residual concentration, and other operational parameters, remotely; 

and 

 are likely to sample for water quality parameters other than residual disinfectant 

concentration, including for microbiological analyses. 

Some users of commercial sodium hypochlorite are storing high-strength (14%) solutions for 

up to 6 months. The release of chlorate from hypochlorite decay over this length of time has 

implications under the current regulatory requirement to minimise formation of disinfection by-

products, but will potentially be a more significant issue if a PCV for chlorate of 0.25 mg/L is 

introduced into UK water quality regulations as a consequence of proposed changes to the 

DWD by the EU. 
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Where chlorine dioxide is used, there is often no monitoring of chlorite or chlorate, either by 

the LA or the operator of the supply. 

Risk assessments by LAs are a valuable mechanism for identifying vulnerabilities in private 

supplies. Constructive relationships between LA staff and supply owners were evident at all 

the supplies visited. 

10.4 European regulatory practices relating to chemical disinfection of 
private supplies 

On the basis of limited responses (from 4 countries out of 7 approached), only one regulatory 

practice specific to chemical disinfection of private supplies has been identified. In Germany, 

private supplies are regulated by local authorities, and if chemical disinfection is applied, the 

local authority will require either continuous monitoring of residual, or will specify a minimum 

frequency for manual sampling. 

10.5 International standards and guidelines relating to chemical disinfection 
of private supplies 

Test protocols for validating claims made for the disinfection efficacy of water treatment 

devices have been developed by the WHO, in the US and Australia/New Zealand. Common 

to these protocols are challenge tests using specified test micro-organisms representative of 

bacteria, viruses and protozoa. These protocols are variously intended for devices in which 

the disinfection is achieved by: 

 Physical and/or mechanical means; 

 The release of, or contact with, a chemical that is incorporated into the design of the 

device, such as halogenated resin; or 

 Batch-wise chemical dosing systems in which the user applies some fixed quantity of 

active reagent, as provided by the supplier, to a known volume of water for some 

specified time, such that the user is taking it on trust that the chemical dose and contact 

time are adequate. 

These validation protocols are not applicable to chemical disinfection systems as understood 

in the context of this report. 

The WHO, Australia and New Zealand provide guidelines applicable to chlorine disinfection of 

private supplies, which are similar but not identical. These provide benchmarks for practices 

in England and Wales.  
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10.6 Potential changes to water quality regulations 

The DWD is currently under revision by the EU. The current draft of the revised DWD, which 

was subject of a vote by the European Parliament in October 2018, proposes PCVs of 

0.25 mg/L for chlorate and for chlorite. The inclusion of these PCVs in future UK water quality 

regulations is anticipated, dependent on the timing of the introduction of the new directive and 

the arrangements for departure of the UK from the EU. The principal implications of such 

prescribed concentrations are, for chlorate, in relation to the storage of commercial sodium 

hypochlorite; and for chlorite, the maximum applied dose of chlorine dioxide. 

The revised DWD, and thus future UK regulations, are also likely to introduce a PCV for HAAs 

of 80 µg/L. Supplies which currently have problems complying with the PCV for THMs are 

most at risk of having similar problems with HAAs.  
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11. Recommendations 

11.1 The operation of private supplies 

Any groundwater supply which is known to exhibit changes in turbidity should include filtration 

before disinfection is applied. Surface water sources should always include filtration. 

Ideally, turbidity should be measured whenever the residual disinfectant concentration is 

checked. However, because of the cost of portable turbidimeters, the desirability of doing this 

needs to be balanced against affordability for smaller supplies. 

Where chlorination is practised, the pH should be checked to ensure it meets the WHO 

guideline (pH < 8.0). 

Owners/operators should have documented procedures for responding to interruptions to 

disinfection, which should include a plan for the notification of customers. 

The use of sensors with the capability of sending warnings of critical failures such as power 

outages to mobile phones should be encouraged. 

11.2 Commercial sodium hypochlorite solution  

High-strength solutions (14-15% active chlorine) should ideally be stored at or below 15
o
C. If 

this is not possible, such solutions should ideally be used within one month. At 15
o
C, such 

solutions should ideally be used within 2 months, and at lower temperatures should ideally be 

used within 3 months.  

If it is necessary to store sodium hypochlorite solution during the summer for longer than 1 

month in the absence of temperature control, a lower strength solution should be considered 

(e.g. 10% active chlorine). 

Each delivery of solution should be consumed as a batch. Fresh solution should not be mixed 

with older stock. 

Solutions with a bromate concentration compliant with the BS EN 901:2013 Type 1 

specification should be used. If there is potential for the chlorine dose to exceed 4 mgCl2/L, a 

solution with a bromate concentration lower than that permitted by the Type 1 specification 

should be sought. 

11.3 OSE-generated sodium hypochlorite solution  

OSE-generated solution should be consumed within 2 days of production. 
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For non-membrane OSE equipment, salt which meets the specifications for a Type 1 product 

under BS EN 14805:2008 should be used.  

Users of OSE-generated sodium hypochlorite should check the concentration of chlorate in 

distributed water to determine whether the national conditions that apply to the use of OSE-

generated sodium chlorite are being met. 

LAs should include chlorate in the list of parameters for which they analyse when sampling 

water from supplies which use OSE-generated sodium hypochlorite. 

11.4 Chlorine dioxide 

Users of chlorine dioxide should check the concentrations of chlorite, chlorate and chlorine 

dioxide in distributed water to determine whether the national conditions that apply to the use 

of chlorine dioxide are being met.  

LAs should include chlorite and chlorate in the list of parameters for which they analyse when 

sampling water from supplies which use chlorine dioxide. 
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Appendix A Decomposition of sodium 
hypochlorite; and bromate 

A1 Decomposition reactions 

The principal decomposition reaction of sodium hypochlorite produces chlorate and chloride 

ions (Occidental, 2014): 

3𝑂𝐶𝑙− → 𝐶𝑙𝑂3
− + 2𝐶𝑙− 

This represents the overall outcome of a two-step process in which chlorite is an intermediate, 

but because the second step has a higher reaction rate than the first, chlorite concentration 

remains low relative to chlorate (Lister, 1956). Asami et al. (2009) analysed samples of 

sodium hypochlorite stored at 37 water treatment facilities in Japan and reported that, based 

on average concentrations, the mass ratio of chlorate to chlorite was 100:1. 

A secondary reaction, catalysed by some trace metal oxides (such as copper, nickel and 

cobalt) and exposure to light, produces oxygen and chloride: 

2𝑂𝐶𝑙− → 𝑂2 + 2𝐶𝑙− 

In the absence of catalytic effects, decomposition rate can be described by a second order 

reaction equation (Powell, 2015): 

𝑑𝐶

𝑑𝑡
= −𝑘𝐶2 

where 

C = concentration 

t = time 

k = rate constant 

The implication of a second order reaction is that doubling initial concentration quadruples the 

rate of decomposition. However, sodium hypochlorite decomposition is also influenced by the 

ionic strength of the solution – the rate increases at higher ionic strength and is, therefore, 

even more sensitive to initial concentration than a second order reaction suggests, closer to a 

factor of five for a doubling of concentration (Powell, 2015). A consequence of this effect is 

that when decomposition has reduced the strength of a solution of initial strength 180 gCl2/L 

(for example) to 160 gCl2/L, it will continue to decompose at a higher rate than a solution of 

initial strength 160 gCl2/L (Powell, 2015). 
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Decomposition rate is expected to increase by a factor of about 3.5 for each 10 
o
C increase in 

temperature (Powell, 2015). 

A1.1 Commercial solution  

Example decay curves for commercial sodium hypochlorite solution, for different initial 

concentrations and a range of temperatures, are shown in Figure A.1 and Figure A.2 (Hall et 

al., 2009). The tests were performed using a product of nominal strength 14-15% active 

chlorine, undiluted and at two dilutions with deionised water (2:1 and 1:2 by volume). The 

solutions were stored in the dark. 

The sensitivities of decomposition rate to concentration and temperature were consistent with 

those reported by Powell (2015). The results show that full strength solution (14-15%) should 

ideally be stored at a temperature below 15
o
C, and for no longer than a month, to limit 

maximum decomposition to 10%. For longer storage, and/or in the absence of a cooling 

system, a lower-strength solution would be advisable; the 1:2 dilution tested (approximately 

6% available chlorine) lost 6% of its strength after 28 days at 29
o
C, and 2% at 19

o
C. 

Applying the second order reaction equation to this experimental data, predictions can be 

made of decay over longer storage periods. The predictions for a 14-15% solution of initial 

chlorine strength 180 gCl2/L are shown in Figure A.3. 
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Figure A.1 Decay curves, commercial sodium hypochlorite solution 
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Figure A.2 Loss of strength, commercial sodium hypochlorite solution 
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Figure A.3 Predicted loss of strength of 14-15% commercial sodium hypochlorite 

solution 
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Figure A.4 Decomposition, OSE hypochlorite solution 
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A2 Chlorate 

As noted in Section 2.1.1, it has been recommended that a PCV for chlorate be incorporated 

into the Drinking Water Directive (DWD) when next revised. A PCV of 0.7 mgClO3/L was 

initially proposed (WHO, 2017), and it was also suggested that this might be applied in 

combination with a maximum annual average of 0.35 mgClO3/L. However, the European 

Commission (EC, 2018) inserted a more stringent PCV for chlorate of 0.25 mg/L, and this 

value has been included in the draft revision of the DWD for which the European Parliament 

voted in favour in October 2018. 

A2.1 Commercial solution  

The sodium chlorate concentration in sodium hypochlorite conforming to BS EN 901:2013 

cannot exceed 5.4% by weight of the active chlorine concentration. Thus with fresh solution, a 

1 mg/L chlorine dose will contribute a maximum chlorate concentration of 0.042 mgClO3/L. 

Assuming no other sources of chlorate, a PCV of 0.7 mgClO3/L would permit a maximum 

chlorine dose of 16.6 mgCl2/L, while an annual average chlorate concentration of 

0.35 mgClO3/L implies an average chlorine dose of 8.3 mgCl2/L. A PCV of 0.25 mgClO3/L 

would permit a maximum chlorine dose of 5.9 mgCl2/L. 

If a 14 – 15% commercial solution has an initial strength of 180 gCl2/L available chlorine, and 

contains 42 μg ClO3 per mg available chlorine, the initial chlorate concentration is 7.6 g 

ClO3/L. If the solution loses 10% of its strength, this is a loss of 18 gCl2/L available chlorine, 

equivalent to 13 gOCl/L. Assuming all decomposition is to chlorate and chloride, this will 

increase chlorate concentration by 7 g ClO3/L. The chlorate concentration would then be 

14.6 gClO3/L. Since the available chlorine concentration has declined to 162 gCl2/L, a 

1 mgCl2/L chlorine dose would then contribute a maximum chlorate concentration of 

0.09 mgClO3/L. This would permit, under the WHO (2017) regulatory scenario, a maximum 

chlorine dose of 7.8 mgCl2/L, or notional average dose of 3.9 mgCl2/L – the latter being 

notional since it assumes continuous dosing of solution after the 10% loss of strength. Under 

the EC (2018) scenario, maximum chlorine dose would be 2.8 mgCl2/L. 

In practice, fresh commercial solutions of 14 – 15% active chlorine typically contain 0.1 – 

0.2% by weight chlorate, equivalent to 6 – 14 μg chlorate per mg chlorine (Hall et al., 2009). If 

0.2%, the initial chlorate concentration is 2.5 gClO3/L. After 10% loss of strength, chlorate 

concentration will increase to 9.5 gClO3/L, and a 1 mgCl2/L chlorine dose would contribute a 

maximum chlorate concentration of 0.06 mg ClO3/L. Maximum permissible chlorine dose 

under WHO (2017) would then be 11.8 mgCl2/L, and notional average dose 5.9 mgCl2/L. 

Maximum chlorine dose under EC (2018) would be 4.2 mgCl2/L. 

The implications for maximum chlorine dose of chlorate formation during storage of a 14-15% 

solution, for the product qualities and potential regulatory scenarios considered above, are 

summarised in Figure A.5. 
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Figure A.5 Implications of product quality and potential regulatory scenarios for 

chlorate, in relation to chlorate formation during storage of 14-15% solution, on 

maximum chlorine dose 

 

It is evident from Figure A.3 that 20% or greater loss of strength in a month is possible during 

summer temperatures, while 30% or greater is likely if the solution is stored for 6 months 

whatever the time of year. The extent of decay that can be accommodated depends on 

required dose, fresh product quality and permissible chlorate concentration, but assuming a 

fresh product chlorate concentration of 2.5 g/L, a future chlorate PCV of 0.25 mg/L, and a 

good quality groundwater with low chlorine demand, exceeding the PCV is unlikely if decay is 

restricted to less than 25%. Under this scenario, 14-15% solution should be consumed within 

one month in summer in the absence of temperature control; within 2 months if temperature is 

controlled to 15
o
C; but should be storable for 3-4 months if temperature is below 15

o
C.  

When changing over to a new batch of solution, it should not be mixed with an appreciable 

volume of old solution, because doing so repeatedly will result in an increasing chlorate 

concentration (Powell, 2015). 

When high-strength solutions are used, dilution may be required in order to provide a 

practicable volumetric dose. Dilution prior to storage is also an option for reducing decay, as 

noted in Section A1. Because sodium hypochlorite is caustic, if diluted with water that is 

moderately or very hard, calcium carbonate will precipitate and scaling will occur. Ideally, 

softened water should be used for dilution. Appropriate health and safety precautions are 

essential if handling sodium hypochlorite solutions. 
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A2.2 OSE-generated solution  

If the worst-case scenario for sodium chlorate in fresh OSE-generated hypochlorite solution is 

5.4% by weight of active chlorine, 0.042 mgClO3 will be added for each mgCl2 dosed. 

Assuming no other sources of chlorate, a PCV of 0.7 mgClO3/L would permit a maximum 

chlorine dose of 16.6 mgCl2/L, while an annual average chlorate concentration of 

0.35 mgClO3/L implies an average chlorine dose of 8.3 mgCl2/L. A PCV of 0.25 mgClO3/L 

would permit a maximum chlorine dose of 5.9 mgCl2/L. If initial strength is 8 gCl2/L, initial 

chlorate concentration is 0.336 gClO3/L. If loss on storage is 2.5%, chlorate concentration in 

the solution will increase by 0.078 mgClO3/L. Since available chlorine concentration has 

declined to 7.8 gCl2/L, a 1 mgCl2/L chlorine dose will add 0.053 mgClO3/L. Under the WHO 

(2017) regulatory scenario maximum permissible chlorine dose would then be 13.2 mgCl2/L, 

and notional average dose 6.6 mgCl2/L. Under EC (2018), maximum chlorine dose would be 

4.7 mgCl2/L. 

A3 Bromate 

Bromate is a product of the reaction between hypochlorous acid and bromide. First, 

hypochlorous acid reacts with bromide to form hypobromous acid: 

𝐻𝑂𝐶𝑙 + 𝐵𝑟− → 𝐻𝑂𝐵𝑟 + 𝐶𝑙− 

Dissociation of hypobromous acid produces hypobromite ion: 

𝐻𝑂𝐵𝑟 ↔ 𝐻+ + 𝑂𝐵𝑟− 

At 20
o
C, pKa = 8.8 (Tynan et al., 1993), so at typical disinfection pH (< 8), hypobromous acid 

is dominant (>85%). 

In alkaline conditions, hypobromite produces bromate and bromide: 

3𝑂𝐵𝑟− → 𝐵𝑟𝑂3
− + 2𝐵𝑟− 

In a review of potential bromate formation arising from drinking water disinfection, Tynan et al. 

(1993) reported that bromate formation from chlorination had not been demonstrated under 

‘realistic drinking water treatment conditions’, but did find that hypochlorite solution, whether 

as commercial product or generated on-site, is likely to contain bromate as a consequence of 

the presence of bromide in the salt used in the generation process; according to Hooper 

(2005), approximately 50% of bromide will be converted to bromate. 
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A3.1 Commercial solution  

The standard BS EN 901:2013 specifies maximum concentrations of sodium bromate, of 

2.5 g per kgCl2 active chlorine (Type 1) or 5 g per kgCl2 (Type 2), respectively equivalent to 

2.1 μgBrO3 per mgCl2 and 4.2 μgBrO3 per mgCl2. The current PCV for bromate is 

10 μgBrO3/L. With no other source of bromate, this would limit chlorine dose to 4.7 mgCl2/L 

(Type 1) or 2.35 mgCl2/L (Type 2). If solution strength declines by 10% by decomposition, 

then maximum permissible doses would also decline by 10% assuming no additional bromate 

is formed – hence 4.2 mgCl2/L (Type 1) or 2.1 mgCl2/L (Type 2). Users are therefore advised 

to avoid using a product which is only compliant with Type 2 requirements. The Type 1 

specification should be acceptable in most cases, but if chlorine is used as an oxidant, for 

example for removing iron or manganese, in addition to being applied for disinfection, then 

users should review total dose and determine if there is a risk of exceeding the bromate 

standard. 

A3.2 OSE-generated solution  

The standard BS EN 14805:2008 specifies maximum content of bromide in salt used for OSE-

generation utilising non-membrane technology, of 250 mg/kg (Type 1) or 500 mg/kg (Type 2). 

Typical salt consumption by non-membrane OSE is 3.5 kgNaCl/kgCl2 (Hall et al., 2009). If 

50% of the bromide is converted to bromate (Hooper, 2005), for each 1 mgCl2 generated 

there will be 0.7 μgBrO3 (Type 1 salt) or 1.4 μgBrO3 (Type 2 salt), limiting chlorine doses to 

14.2 mgCl2/L and 7.1 mgCl2/L respectively. For public water supply installations, ‘low bromide’ 

salt is usually specified for OSE, a typical product containing 150 mg/kg (Hall et al., 2009). 

Use of low bromide salt is consistent with the principle of minimising disinfection by-products 

as required by Regulation 5(2). 

A4 Practical implications 

Sodium hypochlorite solutions should not be exposed to light. 

A4.1 Commercial solution  

High-strength solutions (14-15% active chlorine) should ideally be stored at or below 15
o
C. If 

this is not possible, such solutions should be used within one month. At 15
o
C, such solutions 

should be used within 2 months, and at lower temperatures should be used within 3 months.  

If it is necessary to store sodium hypochlorite solution during the summer for longer than 1 

month in the absence of temperature control, a lower strength solution should be specified 

(e.g. 10% active chlorine). 
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Each delivery of solution should be consumed as a batch. Fresh solution should not be mixed 

with older stock. 

Solutions with a bromate concentration compliant with the BS EN 901:2013 Type 1 

specification should be used. If there is potential for the chlorine dose to exceed 4 mgCl2/L, a 

solution with a bromate concentration lower than that permitted by the Type 1 specification 

should be sought. 

A4.2 OSE-generated solution  

OSE-generated solution should be consumed within 2 days of production. 

For non-membrane OSE equipment, salt which meets the specifications for a Type 1 product 

under BS EN 14805:2008 should be used. 
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Appendix B Survey of public water supply 
disinfection practices 

B1 Extent of survey and responses 

The survey was undertaken using the SurveyMonkey® on-line tool. Links were sent to the 10 

water service companies in England and Wales, Scottish Water and 5 water companies in 

England. There were 11 responses (69%). 

B2 Questions 

1. Company name (used only for administration of survey responses) 

2. Are target Ct values used as the basis for setting chlorine dose? 

If Yes, how are target Ct values derived (please, also describe how effective residence times 

of the chlorine contact tanks are determined)? If No, how is target chlorine dose derived for a 

works?  

3. What information does the company use to verify that adequate disinfection has 

been applied?  

4. Does the company have written standards or guidelines for storage of sodium 

hypochlorite to control decay?  

5. When purchasing sodium hypochlorite, are there company-level 

policies/standards for the following? If yes, for what strength/content?  

 Chlorine Content 

 Chlorate Content  

 Bromate Content 

 Other (please specify) 

6. Are deliveries of sodium hypochlorite tested to check they meet specification?  

7. Are any of the following steps taken to control decay of stored sodium 

hypochlorite?  

 Temperature control 

 Specification of lower strength solutions 

 Setting a maximum storage time 

 Other (please specify) 
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8. As part of on-site electrolytic chlorination (OSE) process, are any of the following 

steps taken to control disinfection by-products? 

 Designing and operating OSEC such that each batch of product is used within a 

certain time period. 

 Temperature control 

 Use of low-bromide salt 

 Other (please specify) 

9. Does the company use ozone for primary disinfection at any of its treatment 

works?  

10. Does the company use chlorine dioxide for primary disinfection at any of its 

treatment works? 

B3 Responses 

2. Are target CT values used as the basis for setting chlorine dose?  

Response Count % Comment 

Yes 11 100 % of Total 

No 0 0 % of Total 

Total 11   

 

If Yes, how are target CT values derived (please, also describe how effective residence times 

of the chlorine contact tanks are determined)?  

 The chlorine values vary between WTWs due to their operational complexities. In order 

that the Company can be confident that the minimum required level of disinfection has 

been achieved, the following approach to measuring and defining chlorine disinfection 

has been adopted: Ct required for 2 log10 (99%) inactivation of Coxsackie A2 virus. 

The dose has been calculated in order to achieve a theoretical 2 log10 inactivation of 

the virus. 

 The chlorine dose required for any treatment system will be based on the Ct concept. 

This determines the required product of the free chlorine concentration (mg/L) and the 

contact time (min) required to achieve disinfection of bacteria and viruses. In the 

absence of a site specific assessment using the WRc Disinfection Ct toolbox, a 

minimum requirement of a Ct of 15 mg.min/L will be required, based on the WHO 

recommendations of a minimum target of 0.5 mg/L free chlorine after a minimum 

contact period of 30 minutes, with pH less than 8 and turbidity <1 NTU. The Company 

aim, however, will be to determine a site specific effective Ct, taking into consideration 
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the known raw water quality and upstream treatment and control, including water 

temperature and pH. All contact tanks will have tracer tests carried out to determine the 

actual contact time. As some short circuiting is likely even in the best designed contact 

tanks, the Company will adopt the t10 contact time concept (t10 being the time taken for 

no more than 10% of water to pass through a tank). The use of t10 ensures that at least 

90% of the water to be treated is retained within the contact tank for longer than the 

required contact time. 

 Chlorine is one of a basket of measures that is used to calculate Ct and as such the set 

dose is factored into this along with pH tank level settings and flow rate. Considerations 

for super chlorination is based on raw water type e.g. river sources and historical 

bacteriological results. 

 For bacterial inactivation the target Ct must be equivalent to a minimum of 15 mg/L/min; 

there must also be a minimum time of 20 minutes and a minimum residual of 0.30 

mg/L. Based on both the generic WHO guidance (30 mins at ≥ 0.5 mg/L) and WRc 

portfolio project (CP282B Nov 2006) suggesting adoption of a site specific 

approach/calculation. For viral inactivation (following processes (e.g. UV) that are not 

effective against viruses) the target Ct is 10 mg/L/min. Derived from the EPA 

Disinfection Profiling & Benchmarking Guidance Manual. We have checked effective 

residence times in contact tanks by spiking the inlet concentration and measuring the 

time to emerge post-contact. 

 Calculations for disinfection facilities at water treatment works are based on the “Ct” 

principle (concentration of disinfectant {in mg/L} multiplied by the exposure time {in 

minutes}) as devised and used by a number of eminent workers in the field including 

Chick, Watson, Goodrich, Hoff, and Lykins. The above calculation has been modified to 

take into account the following: The pH in the disinfection zone, and its effect on the 

percentage of hypochlorous acid (HOCl) available. The pH adjusted residual 

disinfectant concentration is known as the “Effective Chlorine Concentration” (ECC). 

The fluid dynamics of the vessels in which the disinfectant contact takes place. CFD 

models have been created and the resulting t10 value are used. The modified 

calculations above result in the production of a figure that is known as the “Effective Ct” 

(ECt). Surface Waters & Poor Quality Groundwaters - The minimum “Effective Ct” shall 

be 20mg.min/l Good Quality Groundwaters The minimum “Effective Ct” shall be 

5 mg.min/l. 

 Both really! We have a minimum Ct value for different types of waters but it is not 

necessarily used to set the dose as at most sites Super Chlorination and De-

chlorination is practised. Where Marginal/setpoint disinfection is practised, it is usually 

preceded by upstream processes e.g. membranes or UV which would do most of the 

inactivation/removal work. The Ct5 is used to check that with the failsafe parameters 

(shutdown triggers) we have used, we would still actually achieve disinfection should 

something go wrong. 
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 We control chlorination to give a minimum Ct of 15 (minimum free chlorine residual of 

0.5 mg/L after 30 minutes contact time) as per WHO Guidelines at a turbidity of <1 NTU 

and a pH of <8.0. Where we dose phosphate prior to the contact tank, we use this as a 

tracer to determine t10. In other cases we use suggested values for t10/T (USEPA, 1999) 

Baffling Condition t10/T Baffling Description Poor 0.3 No inlet or intra-tank baffles 

Average 0.5 Inlet and/or outlet baffles, some intra-tank baffles Superior 0.7 Perforated 

inlet baffle, serpentine or perforated intra-tank baffles, outlet weir or perforated 

launders. 

 pH at contact point Cl2 level at tank / pipe outlet RT determined by Cl2 spike test. 

 Based on WHO Guidelines: 

 15 mg.min/l with a minimum contact time of 30 minutes (based on water at pH 

8.0) – for water with < 2,000 cfu/100 ml coliforms  

 30 mg.min/l with a minimum contact time of 30 minutes (based on water at pH 

8.0) – for water with > 2,000 cfu/100 ml coliforms  

 We use t10 and this is derived from tracer studies tracking elevated chlorine 

through the contact tank. 

 Ct: The product of the disinfectant concentration (as HOCl) and the time (t10) that the 

disinfectant is in contact with the water. Measured in mg.min/l Chlorine residual as 

HOCl shall be calculated using the formula: Free chlorine residual as HOCl = Free 

chlorine residual x Percentage HOCL @Temperature and pH The contact time, t, in Ct 

is defined as t10. t10 is the time for 10 percent of a tracer to pass through the system, i.e. 

90 percent retained. This is a measure of the hydraulic efficiency of the contact tank or 

main. The t10 contact time may be confirmed using either hydraulic modelling, chlorine 

step tests or tracer studies. 

 Tracer tests are used in some instances, and in others we have modelled the 

residency. 

3. What information does the company use to verify that adequate disinfection has 

been applied?  

 The Company’s approach to verification of disinfection combines the use of data 

obtained from routine bacteriological samples and the performance of each WTW 

against pre-set control targets for a variety of parameters including filtered water 

turbidity, disinfection pH and chlorine residual. Alarm values are set at each WTW to 

ensure that any deviation in performance from these targets is detected and reacted to 
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in a sufficiently timely manner so as to prevent the supply of inadequately disinfected 

water wherever possible. 

 The monitoring of the contact tank inlet chorine dose will be configured with a target 

free chlorine residual, alarms for low and high free chlorine residual and shut down 

limits for low low free chlorine residual. The shutdown will apply to the whole process 

and not just the treated water pumping, to prevent water continuing to enter the contact 

tank. Residual alarms and shutdowns will also be applied to the monitors at the contact 

tank outlet, installed prior to any dechlorination or ammoniation treatment. 

 We have online Ct trends calculated from all of the parameters required for Ct to give 

instant measurement of disinfection. In addition to this we have turbidity monitoring at 

the 26 points and bacteriological sampling. Sites that have UV also have validated 

equipment and online trends. A site specific disinfection assessment is carried out on 

an annual basis to assess the ongoing raw water classification and as such the 

disinfection requirements e.g. pristine waters requiring marginal chlorination or waters 

that require disinfection. 

 On-line monitoring for turbidity and pre/post contact chlorine. WQ sampling for bacteria. 

 On-line measurement for water quality (turbidity and free chlorine residual) and flow. 

 Online monitoring of turbidity & Chlorine with either Bench test/lab sampling of pH & 

Temperature (this can also be online at some sites. Flow and contact tank level can 

also be used. At some sites all the above online monitoring is used to determine 

continuously the Ct5 of a site (mainly surface sites). Bacteria/pathogen sampling is 

used to check that although we are operating within setpoints that should achieve 

disinfection, we actually have a clear sample as water goes out for consumption. 

 Chlorine dose analyser (with auto shutdown on low and high alarm values) and flow 

monitoring. t10 contact time at max works designed flow have been calculated. 

 Ct calculation and Flow Cytometry data. 

 Residual chlorine at point(s) in the process that represents the end of the contact 

period(s). 

Turbidity - measured at a point(s) in the process that represents the body of water 

being disinfected.   

pH - measured at a point(s) in the process that represents the body of water being 

disinfected. 

 Routine micro sampling. 
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 Online instrumentation. 

4. Does the company have written standards or guidelines for storage of sodium 

hypochlorite to control decay?  

Response Count % Comment 

Yes 6 60 % of Sub-total 

No 4 40 % of Sub-total 

Sub-total 10   

Sodium hypochlorite 

not used 
1 

  

Total 11   

 

5. When purchasing sodium hypochlorite, are there company-level policies/standards 

for the following? If yes, for what strength/content?  

Chlorine strength 

Response Count % Comment 

Yes 8 89 % of Sub-total 

No 1 11 % of Sub-total 

Sub-total 9   

Not specified 1   

Sodium hypochlorite 

not used 
1 

  

Total 11   

 

Yes, Comments: 

 14 – 15%  

 Various for different applications  

 14 – 15% 

 14% 

 Yes – but site specific 10 – 15%. Large sites may have higher strength 

 14% 

 14% 

 Strength  

No, Comments: 

 Site dependent only 
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Chlorate Content  

Response Count % Comment 

Yes 3 60 % of Sub-total 

No 2 40 % of Sub-total 

Sub-total 5   

[TBC] 1   

Not specified 4   

Sodium hypochlorite 

not used 
1 

  

Total 11   

 

Yes, Comments: 

 <0.054 

 0.7% m/m max as NaClO3 (Note: for 14% solution, equivalent to 5.4% of active 

chlorine content) 

 Ultra low 

No, Comments: 

 No – used up too quickly 

Bromate Content 

Response Count % Comment 

Yes 8 100 % of Sub-total 

No 0 0 % of Sub-total 

Sub-total 8   

Not specified 2   

Sodium hypochlorite 

not used 
1 

  

Total 11   

 

Yes, Comments: 

 <30 ppm 

 Ultra low as standard  

 <30 ppm 

 Ultra low specified 50 mg/kg max as NaBrO3 

 Yes – ultra low bromate Hypo used at most sites due to raw water 

Bromate/bromide contamination and any upstream oxidation processes 
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 Ultra low 

 Low Bromate 

 All hypo must be classified as ULB  

Other  

 As part of the procurement process the contract will state the product conforms to BS 

EN 901:2013 and the technical data sheet states the range on product strength. The 

company provide us with a quarterly analysis for the product (strength and by-products 

such as bromate and chlorate). By having the BS EN number on the delivery sheet we 

trust the product meets the standard for ultra-low bromate. 

6. Are deliveries of sodium hypochlorite tested to check they meet specification?  

Response Count % Comment 

Yes 7 70 % of Sub-total 

No 3 30 % of Sub-total 

Sub-total 10   

Sodium hypochlorite 

not used 
1 

  

Total 11   

 

Comments:  

 Bulk - no tests carried out, delivery note stating conforms to BS EN 901:2013 accepted.  

 Containers - still meet same BS EN standards. Our current testing procedure involves 

picking random containers on delivery (the number tested is dependent on the number 

of containers delivered which is documented in our chemical delivery procedure) 

opening the container and taking a few drops of the product to a glass bottle containing 

500ml of tap water, observing if there is an oily sheen, smelling the product and 

checking the chlorine by DPD method. We are currently reviewing the number of 

containers to be tested due to an issue picked up in a single container in a batch. 

7. Are any of the following steps taken to control decay of stored sodium hypochlorite?  

Response Count % Comment 

Temperature control 3 30 % of hypo users 

Specification of 

lower strength 

solutions 

1 10 % of hypo users 
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Response Count % Comment 

Setting a maximum 

storage time 
5 50 % of hypo users 

Other 5 50 % of hypo users 

 

Out of the 10 companies which use sodium hypochlorite, 9 selected one or more of the 

response options (including ‘Other’).  

Where ‘Other’ please specify: 

 Chlorite and bromate analysis. 

 Tend to use the Hypo up before it decays.  

 Daily samples taken for chlorate, chlorite and bromate. Increased values (typically 25% 

of standard) are automatically emailed on a daily basis to operational WQ Scientists.  

 Controlled on a site by site basis, where issues arise storage is minimised to maximise 

turnover.  

Comments:  

 Technical specifications state effect of temperature should be minimised.  

We buy in at 14-17% from our procured supplier and assume the product falls within 

this range. Consideration is given at design stage. However, should the WTW operate 

at a lower designed flow rate for a sustained period we do not specify how to control 

decay in any operational procedures.  

8. As part of on-site electrolytic chlorination (OSE) process, are any of the following 

steps taken to control disinfection by-products?  

Response Count % Comment 

Design and operate 

to use each batch of 

product within a 

certain time 

4 80 % of OSE users 

Temperature control 0 0 % of OSE users 

Low-bromide salt 5 100 % of OSE users 

Other 1 10 % of OSE users 

OSE not used 6   
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Where ‘Other’ please specify: 

 Daily samples taken for chlorate, chlorite and bromate. Increased values (typically 25% 

of standard) are automatically emailed on a daily basis to operational WQ Scientists.  

9. Does the company use ozone for primary disinfection at any of its treatment works?  

Response Count % Comment 

Yes 0 0 % of Total 

No 11 100 % of Total 

Total 11   

 

Comments:  

 Ozone at 2 sites where we used to use it for primary disinfection but this has now been 

superseded by UV.  

10. Does the company use chlorine dioxide for primary disinfection at any of its 

treatment works?  

Response Count % Comment 

Yes 0 0 % of Total 

No 11 100 % of Total 

Total 11   
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Appendix C Commercial chemical 
disinfection systems 

 

Examples of commercially available water treatment systems which incorporate chemical 

disinfection are given in Table C.1. 
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Table C.1 Commercial systems 

Company Technology name 
Type of 

System 
Dose Rate Mixing method 

Throughput 

flow rate 

(l/min) 

Instrumentation 

Residual 

Third 

Party 

Approval 

Country 
Available 

in UK? 
Notes 

Intake Turbidity 

Glass Water 
Systems 

Well Water-Chlorination 
system 

Chlorination 
with Multimedia 
filter, AC and 
Water softener 

 Contact tank 
provided 

 No No  US  Used for Iron and manganese 
removal as well as chlorination 

US Water Systems FUSION LIQUID 
CHLORINATION 
SYSTEM 

Chlorination 
(GAC for Fe 
and Mn 
removal) 

 Contact tank 
(500 L tank 
provided) 

23 or 45 No No  US  Used for Iron and manganese 
removal as well as chlorination 

Water Hygiene 
Services Limited 

ChloriDos 
Mini/Lite/Advance 

Chlorine 
Dioxide 
Generation / 
Dosing 

0.5 ppm of 
ClO2 

 1-20 m
3
/hr _ 

5-100 m
3
/hr _ 

or higher 

 Optional  UK Yes  

Hydrotec HydroDOS® Chlorine 
Dioxide 
Generation / 
Dosing 

    Yes WRAS   It is not a standalone disinfection 
unit 

Prominent Chlorine Dioxide System 
Bello Zon® 

Chlorine 
Dioxide 
Generation / 
Dosing 

0.2 ppm of 
ClO2 

 Various size 
ranges 

 No - flow 
paced dosing / 
metering 
system 

    

Socotec Chlorine Dioxide Dosing 
System 

Chlorine 
Dioxide 
Generation / 
Dosing 

    Yes WRAS UK Yes  

Grundfos Oxiperm Pro OCD-162 Chlorine 
Dioxide 
Generation / 
Dosing 

Max: 0.4 
mg/L ClO2 

 Different ClO2 
production 
capacities. 5, 
10, 30 or 60 
g/h of ClO2. 
This capacity 
is sufficient to 
treat up to 
150 m

3
 of 

drinking water 
per hour 

pH probe. But 
system is pH 
independent 

Possibly  Denmark Yes Chlorine dioxide generator with 
integrated dosing for water 
disinfection 

Goodwater Dioxychlor Plus Chlorine 
Dioxide 
Generation / 
Dosing 

0.2-0.8 
mg/L ClO2 

They provide 
recirculation 
system for a 
tank 

   WRAS UK Yes Chlorine dioxide generator with 
integrated dosing for water 
disinfection 

Evoqua DIOX-A CHLORINE 
DIOXIDE GENERATOR 

Chlorine 
Dioxide 
Generation / 
Dosing 

      Multi-
national 

Yes For the generation, Hydrochloric 
acid (HCl) and Sodium Chlorite 
(NaClO2) are used 
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Company Technology name 
Type of 

System 
Dose Rate Mixing method 

Throughput 

flow rate 

(l/min) 

Instrumentation 

Residual 

Third 

Party 

Approval 

Country 
Available 

in UK? 
Notes 

Intake Turbidity 

Feedwater Activ-Ox® Chlorine 
Dioxide 
Generation / 
Dosing 

0.1-5 mg/L 
ClO2 

 69-347  No (Manual 
measurement 
kit) 

 UK Yes The mixing compounds are 
proprietary 

BWT (Best Water 
Technology) 

BWT Chlorine Dioxide 
generators 

Chlorine 
Dioxide 
Generation / 
Dosing 

         

Clean Water Store Hypo-Chlorination Skids Dosing system 
suitable for 
sodium 
hypochlorite, 
hydrogen 
peroxide, or 
sodium 
hydroxide 

 Recirculation in 
the tank 

757  Yes AWWA US Possibly  

Evoqua OSEC® B-PAK SYSTEM Sodium 
Hypochlorite 
generator 

     NSF/ANSI 
61 

Multi-
national 

Yes 0.8 % sodium hypochlorite 
solution through the electrolysis 
of brine, consuming only water, 
salt and electricity. It requires a 
clean water supply and a dosing 
pump 

Miox  Sodium 
Hypochlorite 
generator 

        On-site NaOCl generator. 
Requires softened water 

Accu-Tab 
Chlorination 
System 

ACCU-TAB® 
CHLORINATORS 

Calcium 
hypochlorite 
Tablet 

Variable 
from 0.57 
Ib/hr to 35 
Ib/hr 

Storage/Contact 
tank 

  Yes (Large 
units) 

 US  Various models available both 
for pools or industrial 
chlorination. Operates based on 
dissolve of the Calcium 
hypochlorite tablets 

Advanced Ozone 
Products 

C-Lasky and G-P Series 
Ozone Generators 

Ozonation 
generator 

      UK  They provide the ozone 
generation units at different sizes 

A-Zone DiaZone Ozonation 
generator 

      UK Yes Produces ozone from water. 
Commercial status is uncertain 

KREVOX 
EUROPEAN 
ENVIRONMENTAL 
CENTRE 

Oxidizer 
Mixture Disinfection (BSD-
M) 

       Poland   

Evoqua S10K™ CHLORINATOR Chlorine Gas  Vacuum     Multi-
national 

Yes Chlorinator is an all vacuum 
operated, sonically regulated unit 
providing economic, low capacity 
gas feed 
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Appendix D Site visits 

D1 Local Authority 1 

D1.1 Private Supply 1.1 

The general characteristics of Supply 1.1 are summarised in Table D.1. 

Table D.1 General characteristics, Private Supply 1.1 

  

Status Domestic, multiple properties 

Serves 7 properties 

Locality Rural 

Water source Borehole 

Pre-treatment None 

Disinfectant Sodium hypochlorite 

Dosing method Positive displacement pump, mains-powered 

Dosing control Manually set, flow-paced 

Instrumentation None 

Provision for contact time Concrete reservoir, partly below ground level 

Disinfectant residual monitoring Manual sampling 

Post-treatment None 

 

This supply comprises a single borehole c. 30 m deep, drilled in 1920’s. The water was 

originally lifted by wind power, later replaced by a mains-powered pump. The borehole is 

located at a field boundary. There is an enclosed head-chamber above the borehole into 

which the borehole liner extends above floor level (Figure D.1). The liner is sealed to prevent 

ingression.  A mains-powered positive displacement dosing pump (diaphragm or piston type) 

is mounted on the chamber wall and doses sodium hypochlorite from a 25 L container into the 

outlet pipe from the borehole pump. There is a water meter in the outlet pipe to enable the 

dosing pump to be flow-paced. The dose rate is manually set. The 25 L of sodium 

hypochlorite lasts about 2 weeks. The owner/operator of the supply has a device for 

measuring chlorine residual (not seen during the visit). Access to the head-chamber is by 

opening the roof covering, which at the time of the visit was held closed by a building block. A 

contractor checks the equipment every 6 months. 

The dosed borehole water discharges into an enclosed concrete reservoir (constructed mid-

1900’s) c. 100 m further along the field boundary (Figure D.2). From the reservoir, the water 
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gravitates to the properties served by the supply, variously at distances of c. 400 – 800 m 

from the reservoir. Control of the borehole pump is manual, based on visual inspection of the 

water level in the reservoir. When topping up the reservoir the borehole pump is normally left 

running overnight. The estimated consumption is 2 m
3
/d. There is capacity in the reservoir to 

last about a week. The supply used to provide service water to a farm yard, but a rainwater 

harvesting system is now used instead for that purpose. The reservoir was not designed to be 

a contact tank. The hydraulic residence time is likely to be of the order of days, so if there is a 

measureable free chlorine residual at the point of delivery the notional Ct is high. However, it 

appears (Figure D.2) that the inlet and outlet are at the same end, in which case there is likely 

to be short-circuiting at this end and a dead zone at the other. Access to the reservoir is via a 

recently-fitted raised metal hatch; at the time of the visit there was no lock on the hatch.  

The fields on either side of the borehole are arable. There is a 50 m uncultivated buffer strip 

along the edge of the field on one side of the borehole, but not on the other. 

This supply was subject to an LA risk assessment in 2015. At that time there was no chlorine 

dosing other than manual ‘shock’ chlorination of the reservoir on a yearly basis. Concerns 

were also raised about the condition of the reservoir, particularly the hatch with which it was 

then fitted; that hatch was inset, cracked and provided a poor seal. The current chlorine 

dosing arrangement was installed in response to the 2015 assessment, and renovation work 

undertaken on the reservoir including the fitting of the new hatch. There appears to be some 

sediment in the reservoir (Figure D.2) as well as larger debris. A comparison with a 

photograph taken in 2015 reveals that some of this larger debris (the dark pieces in the upper 

left quadrant of Figure D.2) have entered the reservoir since 2015 – possibly during the 

replacement of the hatch – but otherwise there has been little apparent change; this suggests 

that another recommendation of the 2015 risk assessment, to clean the reservoir, has not 

been acted upon. There seems to be some break-up of the concrete floor beneath the inlet 

pipe, which may be contributing both finer sediment and larger debris. 

Historic data from earlier sampling shows that this supply did experience coliform failures in 

2004 and 2010, and enterococci was detected in 2010. There was also a single coliform 

failure in 2015. There were also persistent nitrate failures in 2010, but not in 2015 (the supply 

is within a Nitrate Vulnerable Zone). 
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Figure D.1 Supply 1.1 Borehole head-chamber 
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Figure D.2 Supply 1.1 Reservoir 

 

D1.2 Private Supply 1.2 

The general characteristics of Supply 1.2 are summarised in Table D.2. 

Table D.2 General characteristics, Private Supply 1.2 

  

Status Commercial 

Serves Food processing plant 

Locality Suburban 

Water source Boreholes 

Pre-treatment None 

Disinfectant Chlorine dioxide (ClO2) 

Dosing method Positive displacement pump, mains-powered 

Dosing control Manually set, flow-paced 
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Instrumentation Residual measurement 

Provision for contact time Pre-fabricated tank, above ground 

Disinfectant residual 

monitoring 
In-line 

Post-treatment None 

 

This supply comprises eleven boreholes on what was originally farm land but is now largely 

surrounded by suburban development. Some of the boreholes are located within the trading 

estate within which the food processing plant is now located, while others are along a field 

boundary adjacent to the present development; the field is likely to be developed in the near 

future. The borehole pumps are controlled remotely from the disinfection dosing building 

within the food processing plant – at the time of the visit only one was operating. The raw 

water is collected in a covered concrete raw water reservoir, from where it is pumped to the 

treated water tank. A flow meter monitors the flow rate between reservoir and treated water 

tank. The treated water is used as service water for the processing plant but not as potable 

water for the site; it is, however, required to meet the same water quality standards. 

The chlorine dioxide dosing system (Figure D.3) is a proprietary unit comprising two bunded 

stock tanks and a control panel incorporating two dosing pumps. The stock chemicals are 

sodium chlorite and hydrochloric acid. The two chemicals are dosed into the inlet riser to the 

treated water tank (Figure D.4) in a sidestream arrangement – the insulation prevented a 

clear view. This means that the actual reaction generating chlorine dioxide is occurring at the 

point of application, which is beneficial from a safety perspective. The dose is manually set 

and flow-paced. 

The nominal residence time in the treated water tank is c. 2 hours. The water is pumped from 

the treated water tank to the processing plant by two pumps operated in duty/standby mode 

with manual switching. The chlorine dioxide residual is continuously monitored on the outlet 

side of the treated water pumps (Figure D.5). 

Site staff check the dosing system each shift, and manually record the current reading of the 

ClO2 monitor. They also manually test the ClO2 residual at water delivery points within the 

processing plant. The target residual is 0.25 mg/L. Maintenance of the dosing system, 

including the monitor, is undertaken by a contractor, who also supplies the stock chemicals. 

Site staff check the levels in the stock tanks and notify the contractor when refilling is 

required. Product data sheets for the stock chemicals were on display inside and outside the 

dosing system building, but pre-dated the engagement of the present contractor; the site staff 

were not certain if the same stock chemicals were still being used. 
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There are alarms on the outside of the dosing system building, one for low level of stock 

chemical, and one for dosing pump fault.  Pump status can be viewed remotely from the site 

technical office, and alarms will send a text message to site staff. 

Figure D.3 Supply 1.2 ClO2 dosing system 
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Figure D.4 Supply 1.2 ClO2 dosing point on inlet riser to treated water tank 

 

Figure D.5 Supply 1.2 ClO2 residual monitoring 

     

Dosing lines, one for 

each stock chemical 

ClO2 monitor 

sampling point 

ClO2 manual 

sampling point 
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D1.3 Private Supply 1.3 

The general characteristics of Supply 1.3 are summarised in Table D.3. 

Table D.3 General characteristics, Private Supply 1.3 

  

Status Domestic, multiple properties 

Serves 12 properties 

Locality Rural 

Water source Borehole 

Pre-treatment None 

Disinfectant Sodium hypochlorite 

Dosing method Positive displacement pump, mains-powered 

Dosing control Manually set, flow-paced 

Instrumentation None 

Provision for contact time Concrete reservoir, partly below ground level 

Disinfectant residual monitoring Manual sampling 

Post-treatment None 

 

This supply comprises a single borehole c. 15 m deep, drilled in 1950’s. The water is lifted by 

a mains-powered pump. The borehole is located near the corner of a field, close to a railway 

line. There is wooden shed above the borehole into which the borehole liner extends above 

floor level (Figure D.6). The liner is sealed to prevent ingression. A mains-powered positive 

displacement dosing pump (diaphragm or piston type) is mounted on the shed wall and doses 

sodium hypochlorite from a 25 L container into the outlet pipe from the borehole pump. There 

is a water meter in the outlet pipe to enable the dosing pump to be flow-paced. The dose rate 

is manually set. The sodium hypochlorite is purchased as 14% solution in 25 L containers but 

diluted 50:1 to provide the dosing solution. The owner/operator of the supply has a device for 

measuring chlorine residual (not seen during the visit). The chlorine residual in the reservoir is 

checked weekly, with a target of 0.25 mg/L; the dose rate is adjusted if necessary. The supply 

owner estimated that 25 L concentrated sodium hypochlorite solution lasts about 6 months. 

The shed has a barbed-wire fence around it adequate for keeping livestock away. A 

contractor checks the equipment every 6 months. 

The dosed borehole water discharges into an enclosed concrete reservoir c. 50 m uphill from 

the borehole, within the same field. The reservoir is partly below ground level, and surrounded 

by a barbed wire fence. From the reservoir, the water gravitates to the properties served by 

the supply, variously at distances of c. 500 – 1000 m from the reservoir. Control of the 

borehole pump is manual, based on visual inspection of the water level in the reservoir. When 
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topping up the reservoir the borehole pump is normally left running overnight. The 

consumption is c. 10 m
3
/d (based on the supply owner’s estimate of 1800 m

3
 extraction 

between April/May and the visit in mid-October). There is capacity in the reservoir to last 2 – 3 

days. Access to the reservoir is via a metal hatch secured with a padlock.  

The field in which the borehole is located is pasture and possibly used at times for grazing 

livestock. The surrounding area is a mixture of livestock and arable farming. 

This supply was subject to an LA risk assessment in 2015. Some recommendations were 

made in relation to the condition of the shed floor and the ventilation bricks in the top of the 

reservoir chamber, in both cases relating to potential entry by mice or similar. 

Recommendations were also made in relation to record keeping and producing written 

procedures for the operation of the system and routine maintenance activities. 

Historic data from earlier sampling shows that this supply has previously been vulnerable to 

bacteriological contamination, with coliform and E.coli failures reported in each year the 

supply was sampled between 2004 and 2010. 

Figure D.6 Supply 1.3 Dosing shed above borehole 

 

D1.4 Private Supply 1.4 

The general characteristics of Supply 1.4 are summarised in Table D.4. 
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Table D.4 General characteristics, Private Supply 1.4 

  

Status Community 

Serves c. 90 properties, mainly domestic but some commercial 

Locality Rural 

Water source Springs + Borehole 

Pre-treatment None 

Disinfectant Sodium hypochlorite 

Dosing method Positive displacement pump, mains-powered 

Dosing control Manually set, flow-paced 

Instrumentation None 

Provision for contact time Concrete reservoir, partly below ground level 

Disinfectant residual monitoring Manual sampling 

Post-treatment None 

 

This supply comprises two springs and a borehole. The two springs are about 300 m apart, 

and each has its own chlorination system and reservoir. The more northerly spring is at a 

higher elevation and supplies the northern and western areas of the community, while the 

lower spring supplies the southern and eastern areas – this division being dictated by the 

local topography, as distribution is by gravity. The upper spring is prone to surface interaction 

during wet weather, with some evidence of sediment collecting in the reservoir, and to 

reduced output during drought conditions; there is, therefore, provision to pump raw water 

from the lower spring to the upper spring. During the visit, only the lower spring source was 

inspected, it being understood that the dosing arrangements are similar.  There is also a 

borehole in the vicinity of the lower spring which can be used to supplement the spring source 

if demand is high. 

The lower spring rises in rocks on the hillside, fronted by a stone wall. In the base of the wall 

are two openings that provide access to the spring. These openings are plugged with 

removable stone slabs backed by stainless steel mesh, the mesh having been added to block 

gaps around the edge of the slabs. A partial collapse of the spring was apparent (Figure D.7). 

Water from the spring gravitates through a pipe to a collection chamber a few metres away 

(Figure D.8), and from the chamber to the adjacent reservoir. There is an overflow from the 

chamber to a small water course below the reservoir. 

Sodium hypochlorite is dosed to the inlet pipe of the reservoir. The dosing system, together 

with the power switches for the borehole and transfer pumps, are located in a hut above the 

reservoir (Figure D.9). A mains-powered positive displacement dosing pump (diaphragm or 

piston type) is mounted on the wall and doses sodium hypochlorite from a c. 100 L dosing 
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tank into the reservoir inlet pipe. The sodium hypochlorite is purchased from Brenntag at 14% 

strength, and is ultra-low bromate grade. This is diluted 50:1 in the dosing tank, each batch 

lasting about 5-6 days (it was thought that 25 L of the undiluted solution lasts about 

6 months). The dose is set manually. The chlorine residual is manually tested daily at the inlet 

and outlet of the reservoir, and results are recorded on daily log sheets (records viewed on 

site showed stable residuals). Written procedures for daily checks, preparing batches of the 

diluted dosing solution, and actions to be taken in the event of system failures, are available 

on site. Residuals are also measured at points in the distribution system, with a target of 0.1-

0.25 mg/L. The reservoir capacity is c. 6 m
3
, estimated to provide a nominal retention time of 

a few hours.  

There is a diesel-powered generator on site which automatically starts in the event of a mains 

electricity outage. 

This supply was subject to an LA risk assessment in 2015. A number of recommendations 

were made in relation to record keeping and producing written procedures for the operation of 

the system, contingency plans and routine maintenance activities. Measures to reduce risk of 

surface water ingression to the spring chamber, and to reduce risk of contamination from 

livestock, vermin and insects were also recommended, as was provision of alarms or 

automatic shutdown functionality to reduce risk of supplying untreated water in the event of 

dosing system failure. A further concern was the risk of diesel spillage from the generator. 

The risk assessment noted that chlorination of this supply commenced in 2008, prior to which 

microbiological failures had regularly been reported. There was a single failure in 2009 but 

none thereafter. 
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Figure D.7 Supply 1.4 Lower spring, with access slab removed 

 

 

Figure D.8 Supply 1.4 Lower spring collection chamber 
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Figure D.9 Supply 1.4 Lower spring dosing system 

 

 

D2 Local Authority 2 

D2.1 Private Supply 2.1 

The general characteristics of Supply 2.1 are summarised in Table D.1. 

Table D.5 General characteristics, Private Supply 2.1 

  

Status Public 

Serves Hospital 

Locality Urban 

Water source Borehole 
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Pre-treatment Strainer 

Disinfectant Sodium hypochlorite (on-site electrolytic generation) 

Dosing method Positive displacement pumps, mains-powered 

Dosing control Manually set, flow-paced 

Instrumentation Chlorine residual, temperature 

Provision for contact time Distribution 

Disinfectant residual monitoring On-line and manual 

Post-treatment UV 

 

This supply serves a hospital in an urban location. Output is c. 1,000 m
3
/d. The source is 

single borehole located just within the boundary fence of the hospital, on the other side of 

which is a main road. A sewer runs along the far side of the road. A low boundary wall around 

the borehole chamber prevents entry of surface run-off. There are three above-ground 

concrete storage tanks alongside the borehole, each 400 m
3
 capacity, two of which are 

normally used for raw water.  

Raw water passes through a fine strainer, is dosed with sodium hypochlorite (flow-paced), 

and then receives a UV dose before being distributed around the hospital site. The UV system 

comprises two UV reactors, normally operated on a duty/standby basis with automatic 

switchover. The sodium hypochlorite is produced on site using electrolytic generation. An ion 

exchange plant produces the softened water used for the electrolytic generation, and also 

supplies soft water for use elsewhere on the hospital site – one of the 400m m
3
 storage tanks 

is used for soft water. 

The water treatment plant was completely replaced about two years ago, so softening plant, 

electrolytic generators, transfer pumps and UV reactors are all relatively new. A contractor 

checks the electrolytic generators weekly. 

The chlorine residual is monitored by an on-line instrument a short distance downstream of 

the dosing point, and the residual is recorded on paper disk. At the time of the visit, the 

residual was about 0.4 mg/L. Key operating information can be viewed on a local interface 

and also remotely via the hospital’s building management system. 

The treatment plant is visited twice each day. Manual checks of chlorine residual are made at 

the treatment plant and at random locations within the hospital.  

Results from monthly water quality sampling are copied to the local authority contact. Within 

the hospital there is a defined reporting structure up to board level for water supply and quality 

issues. Individual responsibilities are defined in a management policy document, while 
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standard operating procedures are collated into a single manual. Examples of these 

procedures include: 

 Maintenance plans 

 Permits for various operational and maintenance activities 

 Sampling plan 

 Action plans for responding to sub-standard sample results 

The procedures are audited by an independent consultant. 

The hospital is able to switch to a mains supply from the local water company. Part of the 

hospital complex is managed independently of the rest of the site and has a mains water 

supply, and there is a short interconnection to the hospital’s own distribution system. This 

interconnection is opened periodically to minimise risk of stagnation. 

Figure D.10 Supply 2.1 Borehole 
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Figure D.11 Supply 2.1 UV reactors 

 

 

Figure D.12 Supply 2.1 Chlorine residual monitoring and recording 
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Figure D.13 Supply 2.1 Local monitoring system interface 

 

D3 Local authority 3 

D3.1 Private supply 3.1 

The general characteristics of Supply 3.1 are summarised in Table D.6. 

Table D.6 General characteristics, Private Supply 3.1 

  

Status Private 

Serves Student residences 

Locality Rural 

Water source Borehole 

Pre-treatment Aeration; Mn/Fe filtration; GAC 

Disinfectant Chlorine dioxide 

Dosing method Positive displacement pumps, mains-powered 

Dosing control Manually set, flow-paced 

Instrumentation Chlorine dioxide residual, temperature 

Provision for contact time Service reservoir 

Disinfectant residual monitoring On-line and manual 
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A former hospital has been converted into a residential students’ campus. The historic water 

supply infrastructure was replaced during the conversion and has subsequently been 

updated; the current water treatment plant is new. 

Raw water is abstracted from a borehole approximately 500 m NE of the campus. The 

borehole is within a secure brick building. The water is pumped uphill to the treatment building 

which is located approximately 750 m SW of the campus, and then to two insulated storage 

tanks a further 200 m SW. The treated water gravitates down to the campus. If the treatment 

plant is out of service, the campus can be supplied with mains water, which was the case on 

the day of the visit.  

Raw water is aerated and dosed with chlorine dioxide ahead of two Fe/Mn filters (Figure 

D.14). Downstream there is a single GAC filter. A 2 µm bag filter has been fitted after the 

GAC filter (Figure D.15). There is another chlorine dioxide dosing point after the bag filter. The 

target residual is 0.3 mg/L. Low and high alarm limits have been set, and if the residual is 

below the low limit, or above the high limit, for more than 2 minutes, the plant shuts down. If 

there are any alarms, an email is automatically sent to operations staff. Operations staff can 

view the controller interface remotely, and can see tank levels and chlorine dioxide residual, 

and also 7-day trends, via a smartphone app.  

Disinfectant residual is measured on campus (target 0.2 mg/L), with records kept. There is a 

bi-monthly service visit, as part of which iron and manganese concentrations are tested in raw 

and treated water. Chlorate and chlorite are also checked. The local authority samples this 

supply 4 times a year, but does not check chlorate and chlorite. 

Chlorine dioxide is generated from proprietary solutions of sodium chlorite and hydrochloric 

acid which meet the requirements of the respective BS EN standards. 
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Figure D.14 Supply 3.1 Fe/Mn filters 

 

Figure D.15 Supply 3.1 Bag filter 
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D4 Local authority 4 

D4.1 Private supply 4.1 

The general characteristics of Supply 4.1 are summarised in Table D.7. 

Table D.7 General characteristics, Private Supply 4.1 

  

Status Commercial 

Serves Cider mill 

Locality Urban 

Water source Borehole/Mains 

Pre-treatment None 

Disinfectant Chlorine, Chlorine dioxide 

Dosing method Chlorine gas, mains-powered pumps 

Dosing control Manually set, flow-paced 

Instrumentation Chlorine residual, Chlorine dioxide residual, temperature 

Provision for contact time Storage tanks 

Disinfectant residual monitoring On-line and manual 

Intermediate treatment Sulphur dioxide, GAC, Cartridge filters 

 

This supply provides process and service water for the site. 

The site can draw from two boreholes. One tends to suffer from raised turbidity after rainfall, 

so the other is used most of the time. 

Borehole water is chlorinated (chlorine gas, 1-2 mg/L dose) and collected in a 2000 m
3
 raw 

water storage tank. There is also a mains water supply to this tank, which can be used if 

necessary to augment the borehole water. This tank can supply the site for approximately 

3 days. Target chlorine residual is 2 mg/L. The tank (glass-lined mild steel) is subject to 

internal inspection and cleaning every two years. 

From the raw water storage tank, the water is pumped into the site supply main. Sulphur 

dioxide is dosed downstream of the pumps, to leave a chlorine residual of 0.2 mg/L. The gas 

injection systems are checked daily and a servicing contract is in place.  

The site supply main provides water for a number of purposes. Some is used without further 

treatment for general wash-down purposes. Some is dechlorinated with GAC and filtered with 
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10 µm cartridge filters, as pre-treatment for a reverse osmosis (RO) plant that provides water 

for product dilution. Another stream is similarly dechlorinated to provide make-up water for 

fermentation. Some is softened for various process applications. Some is dosed with chlorine 

dioxide (target residual 0.19 mg/L) for bottle rinsing. None of the water is used for drinking; a 

separate mains water supply serves most of the site, and bottled water is provided at those 

parts of the site which are remote from the mains supply. 

The GAC has a life of c. 7 years, and is backwashed and steamed every 2 weeks. 

Chlorine samples are taken daily, and microbiological samples weekly. There are standard 

procedures for sampling, and sampling staff have appropriate training. There are standard 

procedures to follow in the event of samples being outside acceptable limits, which may 

include site shutdown.  

The local authority samples the site 10 times a year. There has been no history of problems. 

D4.2 Private supply 4.2 

The general characteristics of Supply 4.2 are summarised in Table D.8. 

Table D.8 General characteristics, Private Supply 4.2 

  

Status Commercial 

Serves Food/beverage processing 

Locality Urban 

Water source Borehole/Mains 

Pre-treatment None 

Disinfectant Chlorine dioxide 

Dosing method Mains-powered positive displacement pumps 

Dosing control Manually set, flow-paced 

Instrumentation Chlorine dioxide residual 

Provision for contact time Storage tanks 

Disinfectant residual monitoring On-line and manual 

 

This supply provides process and service water for the site. 

Water can be sourced from two independent mains water connections and two boreholes. 

There are two storage tanks, normally operated with an open interconnection, for mains 

water, and two (also normally interconnected) for borehole water. The boreholes are operated 
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on a duty/standby basis (maximum abstraction is 22 m
3
/h), with mains water used to augment 

the borehole supply according to demand. 

The borehole and mains water supplies are then directed to a common storage tank, from 

which the water is pumped through duty/standby 5 micron filters. Chlorine dioxide is dosed on 

the inlet side of the pump, and residual monitored continuously on the outlet side. Target 

residual is 0.4 mg/L. The residual is also manually checked daily, with records kept, while the 

monitoring instrument is due to be upgraded to provide electronic storage of residual data. 

The monitoring instrument is alarmed for low (<0.1 mg/L) and high (>0.6 mg/L) residuals. 

These alarms are sent by telemetry to a site office which is manned 24 hours a day, and there 

are procedures to follow in response. 

A proprietary chlorine dioxide dosing system is used, with sodium chlorite and hydrochloric 

acid feed stocks. The system is serviced under contract every six months. The levels in the 

chemical feedstock tanks are check daily, and there are low-level alarms on the tanks.  

D4.3 Private supply 4.3 

The general characteristics of Supply 4.3 are summarised in Table D.9. 

Table D.9 General characteristics, Private Supply 4.3 

  

Status Community, multiple properties 

Serves c. 20 properties 

Locality Rural 

Water source Spring/Boreholes 

Pre-treatment Nitrate removal (ion exchange) 

Disinfectant Sodium hypochlorite 

Dosing method Electric-powered positive displacement pumps 

Dosing control Manually set, flow-paced 

Instrumentation None 

Post-treatment Cartridge filters 

Provision for contact time Storage tanks 

Disinfectant residual monitoring Manual 

This supply comprises two separate installations, with independent raw water sources, which 

feed into a common distribution system.  
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The original installation, located on a hillside above the village, has a main spring as its 

primary source. The spring water is collected in a stainless steel interceptor tank and 

gravitates to the original reservoir dating from the early 20
th
 century (Figure D.16). The 

interceptor tank can be inspected and cleaned out of any sediment. A borehole can be used 

to supplement the spring source. 

A pump house is located adjacent to the original reservoir. It houses two diesel generators 

(operated on a duty/standby basis – there is no mains power supply), two transfer pumps, two 

pairs of dosing pumps and two filter housings (Figure D.17). Water is drawn from the from the 

original reservoir, chlorinated with sodium hypochlorite, filtered with 5 µm cartridge filters, and 

pumped to a second storage tank further up the hill. The second storage tank is a 15 m
3
 

stainless steel road-tanker tank that has been buried in the ground. From this tank the water 

gravitates into the distribution system. Level switches control the transfer pumps. Another 

15 m
3
 stainless steel tank lower down the hill collects overflow from the original reservoir, or 

can be filled from two secondary springs, and is fitted with a submersible pump to return water 

to the original reservoir via the interceptor tank. 

The second installation is located in a field on the edge of the village. It provides an additional 

input to the distribution system if low pressure is detected. The water source is a single 

borehole. Next to the borehole are a pump house and another underground 15 m
3
 stainless 

steel tank. In the pump house (Figure D.18) a twin-column ion exchange system has been 

installed to remove nitrate. Chlorine is then dosed (sodium hypochlorite) and the chlorinated 

water collected in the storage tank. From the storage tank the water is pumped into supply via 

a 5 µm cartridge filter. A second chlorine dosing point is provided on the outlet side of the filter 

housing. The borehole pump when installed had a measured output of 1.9 m
3
/h. 

The chlorine dose provides a target residual of 0.2 mg/L in the distribution system, which is 

checked weekly. The sodium hypochlorite stock solution is purchased on a monthly basis to 

avoid significant decay during storage - it had previously been purchased in larger quantities 

and stored for longer. 
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Figure D.16 Supply 4.3 Original reservoir 

 

 

Figure D.17 Supply 4.3 Dosing pumps and dosing solution stock tank (left); transfer 

pumps and filter housings (right) 
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Figure D.18 Supply 4.3 Additional borehole supply: Nitrate removal (far left); Dosing 

pumps and dosing solution tank (left); transfer pump (centre); filter housing (right) 

 

 

D5 Local authority 5 

D5.1 Private supply 5.1 

The general characteristics of Supply 5.1 are summarised in Table D.10. 

Table D.10 General characteristics, Private Supply 5.1 

  

Status Private 

Serves Hospital 

Locality Rural 

Water source Spring; 2 boreholes; mains 

Pre-treatment Cartridge filtration; RO; Softening 

Disinfectant Sodium hypochlorite 
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Dosing method Mains-powered pumps 

Dosing control Manually set, flow-paced 

Instrumentation Chlorine residual 

Provision for contact time Storage tanks 

Disinfectant residual monitoring Continuous and manual 

 

This supply abstracts from 2 on-site boreholes and also from an off-site spring. There is also a 

mains connection.  

Currently, the water from one borehole is softened (ion exchange) and collected in two 

storage tanks which are normally operated with an open interconnection. The water from the 

second borehole was being treated by RO and softening before blending with the first 

borehole in the storage tanks. At the time of the visit, the RO was out of service. 

The blended borehole water is pumped to a pair of indoor storage tanks, also normally 

operated with an open interconnection. In the common inlet pipe to these tanks there is a 

cartridge filter, and sodium hypochlorite is dosed. The sodium hypochlorite used is low 

bromate. It is batch-diluted into a day tank, using an automated system (Figure D.19).  

Chlorine residual is monitored continuously at the outlet of the storage tanks (Figure D.20), 

with a target residual of 0.5 – 1.0 mg/L (0.66 mg/L at the time of the visit). The residual is also 

checked manually twice a week. 

Raw water from the off-site spring source is treated on-site, by a cartridge filter and softener 

(ion exchange). It discharges into a storage tank. Sodium hypochlorite is dosed directly into 

the top of the tank. Chlorine residual is monitored continuously at the outlet of the storage 

tank (out of action at the time of the visit). The residual is also monitored manually twice a 

week. All the treatment plant and the storage tank are indoors. 

A contractor services the treatment plant, which includes replacing the cartridge filter and 

servicing the continuous chlorine residual monitors. The continuous chlorine residual monitors 

have no remote connection. 

The site is manned during office hours, with staff on call at other times. If sodium hypochlorite 

dosing were to fail out of hours, it would be unlikely to be noticed until staff are next on duty. 

The supply was subject to a risk assessment by the local authority in 2011 which identified a 

number of risks, mostly related to raw water infrastructure. Actions were identified and the 

recommended improvements were subsequently made.  
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A consultant has assessed the existing treatment plant, and concluded that the RO is not 

necessary. A new treatment plant is due to be installed, which is understood to include 

conventional media filtration; it will also replace the existing sodium hypochlorite dosing with a 

calcium hypochlorite system. 

Figure D.19 Supply 5.1 Sodium hypochlorite dosing (borehole source). 

      

 

Figure D.20 Supply 5.1 Continuous chlorine monitor. 
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Appendix E Responses from European 
contacts  

Task 4: Compare the different types of validation criteria for various chemical 

disinfection treatment systems and their application across Europe. 

E1 Questions sent to European contacts 

Contacts in seven European countries with whom WRc has collaborated on pan-European 

projects related to disinfection were approached, asking if they could answer the following 

questions in relation to disinfection of private supplies in their countries, or identify appropriate 

individuals who could: 

1. Who is responsible for regulating and inspecting private water supplies? 

2. Are there any regulations that control how chemical disinfection is used for private 

water supplies? (for example: water quality; minimum or maximum dose, or residual 

concentration, of the chemical disinfectant; minimum contact time). 

3. Where a private water supply uses chemical disinfection, what samples or 

measurements are taken to show that adequate disinfection is being applied? Are 

these samples or measurements taken by the owner of the supply, or by the regulating 

authority? 

4. Are there any Standards with which equipment used for chemical disinfection of private 

water supplies must comply? 

E2 Responses 

The responses to the questions are reproduced below, as received other than minor edits to 

assist readability. 

E2.1 Denmark 

No response. 

E2.2 Germany 

1. The local authorities are responsible also for small water supplies. 
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2. The local authority normally tells the small water supplies how often they have to 

analyze which parameters and these are normally the parameters which are regulated 

in the DW-directive. 

3. As far as I know they have to measure free chlorine on a regular basis or online. 

4. The equipment should fulfill the relevant technical rules established by Deutscher 

Verein des Gas- und Wasserfaches (DVGW) (German Technical and Scientific 

Association for Gas and Water). 

E2.3 Iceland 

1. All water supplies that have more than 50 individuals or 20 dwelling/summerhouses are 

to be regulated (it does not matter if municipal or privately owned).  Additionally, smaller 

water supplies, if they are serving food processing activity (e.g. milk production, 

guesthouses etc. etc.), are to be regulated.  Responsibility of surveillance of drinking 

water quality is with the Local competent Authorities, and, on a governmental level, it is 

the Icelandic Food and Veterinary authority acting on behalf of the Ministry that is to 

oversee that the regulation on drinking water quality is fulfilled.  

2. In the regulation it is stated that the Local Competent Authority has to give permission 

for all chemicals that are to be added to drinking water. Drinking water in Iceland is only 

disinfected with UV, and residual disinfection, such as chlorination, is not used.   

3. In the regulation it is stated that if chemicals are used then it has to be tested that it has 

been successful.   

4. No.  

E2.4 Netherlands 

If a supply is really private then there is no regulation, if it is public in the sense of a campsite 

then it falls under the NL DWD (Netherland’s Drinking Water Directive. 

1. Ministry of Infrastructure and Water Management
22

 (formerly Ministry of Infrastructure 

and Environment) and the Inspectorate of Human Environment and Transport
23

 

(formerly Inspectorate of Environment) is responsible for regulating.  

                                                      

22
  https://www.government.nl/topics/drinking-water/preserving-drinking-water-quality 

23
  See contact details at: https://www.government.nl/ministries/ministry-of-infrastructure-and-water-

management/contact 

https://www.government.nl/topics/drinking-water/preserving-drinking-water-quality
https://www.government.nl/ministries/ministry-of-infrastructure-and-water-management/contact
https://www.government.nl/ministries/ministry-of-infrastructure-and-water-management/contact
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2. As far as I know, the Inspectorate requires compliance with the NL DWD (almost 

equivalent to EU DWD) and the water quality parameters stated there. I think most 

private supplies are unchlorinated groundwater wells. So no specific regulation of 

disinfection. 

3. For Legionella control, a management plan is required, in which (thermal) disinfection is 

one of the elements. 

4. Yes, they need a toxicological attest and permit, which is only given to chlorine or 

chlorine dioxide, but as indicated, I don’t think this is very common in small supplies. 

E2.5 Spain 

Contact tried to get answers from a colleague but no response was forthcoming. 

E2.6 Sweden 

Approximately 1.2 million permanent residents and about as many recreational residents in 

Sweden are supplied with drinking water from individual drinking water sources, such as own 

wells. The quality of drinking water from private wells is however the owners responsibility. It 

can almost be seen as a part of the “private integrity”.   

1. The Swedish National Food Agency gives advice and guidelines on private wells. This 

advice is directed to owners of wells and to the local control authorities. The local 

control authorities can advise the owner of the well, but the local control authority 

usually don´t have any responsibility for inspections. The responsibility for good 

drinking water quality lies entirely on the owner of the well. 

2. No. 

3. In our advice on private wells we give recommendations on how often samples should 

be taken and which parameters should be included in the samples, for example 

microbiological and chemical parameters. However, the parameters analyzed and the 

frequency of samples are ultimately determined by the owner of the well. 

4. No. 

E2.7 Switzerland 

Contact tried to get answers from a colleague but no response was forthcoming. 
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Appendix F International standards, 
regulations and guidelines 

Task 5: Review relevant British Standards, as well as other European and World 

standards for chemical disinfection treatment systems and identify which validation 

criteria would demonstrate suitability for use on a private water supply. 

For Task 5, searches were undertaken for standards, regulations and guidelines which relate 

to chemical disinfection treatment systems. One search focussed on Europe, at national level, 

and the other on the rest of the world (both national and international level).  

The results for Europe are summarised in Table F.1, and for the rest of the world in Table F.2. 

European-level (CEN) standards that are published in the UK as BS EN Standards are not 

included in Table F.1. In some cases the existence of a standard has been inferred but the 

actual reference not identified, and in some cases it has not been determined whether a 

standard is mandatory; such unknowns are identified in the tables with ‘?’. 
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Table F.1 Summary of national-level European standards, regulations and guidelines related to chemical disinfection 

treatment systems 

Country Standards/regulations Mandatory? Scope 

Austria ÖNORM B/Tiel 1 – Organic Materials. 

 

ÖNORM M-5879-2: 2013 01 01 

Specifications for chlorination plant in 

water treatment – Part 2: Equipment for 

disinfection and oxidation with chlorine 

containing chemicals and their solutions. 

ÖNORM M-5879-3: 2010 11 01 

Specifications for chlorination plant in 

water treatment – Part 3: Chlorine 

dioxide plants. 

ÖNORM M-5879-4: 2005 05 01 

Specifications for chlorination plants for 

water treatment - Part 4: Electrochemical 

method for generation of disinfectant-

acting chlorine compounds on site 

 

No 

 

 

No 

 

 

 

No 

 

 

 

 

No 

Materials in contact with drinking water. Reciprocal recognition 

with Germany, Switzerland and the Netherlands. 

 

Contains minimum requirements for plants and equipment used 

for the disinfection and oxidation of drinking water with sodium 

hypochlorite solution. 

 

Contains requirements for the equipment and operation of fixed 

installations and plant components for the production of chlorine 

dioxide for the disinfection of drinking water. 

 

Contains minimum requirements for plants and equipment used 

for the disinfection and oxidation of drinking water with sodium 

hypochlorite solution generated on-site by electrolysis of brine. 

 

Belgium Drinking water regulations Instere de la 

Regione Wallone 12 December 2002. 

 

Royal Decree 24/11/1997 Protection of 

consumer health regarding materials in 

contact with foodstuffs. 

No Materials in contact with drinking water. 
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Country Standards/regulations Mandatory? Scope 

Czech 

Republic 

Drinking Water Quality Regulations No 

374/2000 Sb. 

 

Decree 409/2005 Regulations on 

hygienic requirements for products for 

use in direct contact with water and in 

water treatment. 

Yes Materials in contact with drinking water. 

 

 

A Registration Dossier must be submitted, to include performance 

claims, 3
rd

 party certification (where appropriate), test report on 

performance/material safety etc. 

Denmark Danish Code of Practice for Domestic 

Water-Supply Installations DS439. 

? Products are submitted for approval by ETA-DK. The approval is 

based on assessing the materials in contact with drinking water. 

Approval shared with Finland, Iceland, Norway and Sweden. 

Finland Decree relating to the quality and 

monitoring of water intended for human 

consumption, 2000. 

 

Building Code of Finland D1: Water 

supply and drainage installations for 

buildings 1987. 

No Materials in contact with drinking water. 

 

 

 

Approval is based on assessing the materials in contact with 

drinking water. Approval shared with Denmark, Iceland, Norway 

and Sweden. 

France Circulaire 2002/571 – Health Compliance 

of materials used in accessories in 

contact with water for human 

consumption, ACS – Attestation de 

Conformite Sanitare. 

 

Drinking water regulations Code de la 

Sante Publique, 2003. 

Yes Materials in contact with drinking water. 
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Country Standards/regulations Mandatory? Scope 

Germany Trinkwasserverordnung, TrinkwV2001. 

 

Lebensmittel und Futtermittel 

Gesetzbuch (LFBG) (Foodstuff and 

Feedingstuff Act). 

 

Bedarfgegenstaendeverordnung 

(BedGgstV) (Appliances in contact with 

food ordnance). 

KTW Guideline for Sanitary Assessment 

of Organic Materials in Contact with 

Drinking Water. 

 

DVGW W229 05/2008 Verfahren zur 

Desinfektion von Trinkwasser mit Chlor 

und Hypochloriten. 

 

DVGW W224 02/2010 Verfahren zur 

Desinfektion von Trinkwasser mit 

Chlordioxid. 

 

DVGW W623(A) 03/2013 Dosieranlagen 

für Desinfektionsmittel und 

Oxidationsmittel; Dosierlagen für Chlor 

und Hypochlorite. 

DVGW W624(A) 12/2015 Dosieranlagen 

für Desinfektionsmittel und 

No 

 

 

 

 

 

 

 

 

 

 

 

 

Yes 

 

 

 

Yes 

 

 

Yes 

 

 

 

Yes 

Materials in contact with drinking water. Reciprocal recognition 

with Austria, Switzerland and The Netherlands.  

 

 

 

 

 

 

 

 

 

 

Describes the chemistry, properties and health and safety 

requirements of chlorine in its gas, aqueous and solid forms; the 

principles of dosing systems; and monitoring the disinfectant 

residual. 

Describes the chemistry, properties and health and safety 

requirements of chlorine dioxide and the different generation 

processes; the principles of dosing systems; and monitoring the 

disinfectant residual. 

 

Provides more technical information on the design and operation 

of chlorine dosing systems. 

 

Provides more technical information on the design and operation 

of chlorine dioxide generation and dosing systems. 



Defra 
 

Report Reference: DEFRA13022.05/16852-0 
June 2019 

© Defra 2019 133 

Country Standards/regulations Mandatory? Scope 

Oxidationsmittel; Bereitungs- und 

Dosierlagen für Chlordioxid. 

 

DVGW W270 Microbial growth on 

materials in contact with drinking water. 

 

DIN 50930-6 for metallic materials. 

 

 

 

Yes 

 

 

 

 

Hungary Decree on hygienic regulations of 

materials used in drinking water supply 

3/1971 (VII.17)Eu.M. 

Yes Materials in contact with drinking water. 

Iceland  ? Materials in contact with drinking water. Approval is based on 

assessing the materials in contact with drinking water. Approval 

shared with Denmark, Finland, Norway and Sweden. 

Italy Ministerial Decree No 443 Regulations to 

implement technical provisions 

concerning equipment for the domestic 

treatment of drinking water. 

 

Ministerial Decree No 174 Regulations 

on materials and objects that can be 

used in permanent plants for collection, 

treatment, conveyance and distribution of 

water intended for human consumption. 

Yes Approval of water treatment equipment is mandatory.  

 

 

 

 

Materials in contact with drinking water. 
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Country Standards/regulations Mandatory? Scope 

The 

Netherlands 

Guideline quality of materials and 

chemicals for drinking water supplies, 

Publication 94-01. 

 

KQ17901 part A Evaluation Guideline for 

product certificate for Domestic 

Appliances 2007. 

Yes Materials in contact with drinking water. Reciprocal recognition 

with Austria, Germany and Switzerland. 

Norway Statutory regulations on drinking water, 

No 68, February 1995). 

No Materials in contact with drinking water. Approval is based on 

assessing the materials in contact with drinking water. Approval 

shared with Denmark, Finland, Iceland and Sweden. 

Poland ? Yes A Registration Dossier must be submitted to Polish Institute of 

Hygiene, to include performance claims, 3
rd

 party certification 

(where appropriate), test report on performance/material safety 

etc. 

Romania ? Yes A Registration Dossier must be submitted to Ministry of Health, to 

include performance claims, 3
rd

 party certification (where 

appropriate), test report on performance/material safety etc. 

Slovakia ? Yes A Registration Dossier must be submitted to Ministry of Health, to 

include performance claims, 3
rd

 party certification (where 

appropriate), test report on performance/material safety etc. 

Slovenia ? No Materials in contact with drinking water. Approval obtained from 

National Institute of Public Health. 
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Country Standards/regulations Mandatory? Scope 

Spain Royal Decree 1138/1990, Technical, 

sanitary regulations for the provision and 

control of the quality of water for public 

consumption. 

 

Royal Decree 1769/1993 Approval of 

permitted substances for plastic 

materials and objects in contact with food 

and regulations concerning conditions of 

testing. 

No Materials in contact with drinking water. 

Sweden ? ? Materials in contact with drinking water. Approval is based on 

assessing the materials in contact with drinking water. Approval 

shared with Denmark, Finland, Iceland and Norway. 

Switzerland Swiss Food Ordinance Yes Materials in contact with drinking water. Reciprocal recognition 

with Austria, Germany and the Netherlands. 
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Table F.2 Summary of national (excluding Europe)-and international level standards, regulations and guidelines related to 

chemical disinfection treatment systems 

Country - Title Sub-title 
Available to 

review 
Comments 

Australia - Australian Drinking 

Water Guidelines 

 Yes Some information about Chlorination. 

Australia/New Zealand - AS/NZS 

4348:1995 

Water supply - Domestic type 

water treatment appliances - 

Performance requirements. 

Yes For point-of-use/point-of-entry systems specifically claiming 

microbiological removal capabilities. Does not appear to be 

intended for application to chemical disinfection systems, 

although there is no explicit exclusion. The Appendix sets out 

the method to be followed, incorporating not only bacterial, but 

viral and protozoan challenges (Schedule B) to substantiate 

claimed removal capabilities over the effective service life of 

the appliance.  

Australia/NSW - Groundwater 

Treatment Fact Sheet 

 Yes Criteria/ instruction list for selection and purchasing a chlorine 

disinfection system: 

- Determine the volume of water to be treated and ensure the 

equipment has the capacity (e.g. litres/hour) to treat all the 

water needed. 

- It is equipped with a pre-filter to remove any iron, manganese 

and other dirt and debris that can either absorb and/or deplete 

chlorine residual levels. 

- Adequate post chlorine dosing detention time is available 

within the water supply system, typically at least 30 minutes is 

required to complete the disinfection process and ensure a 

minimum free residual chlorine level of 0.5 mg/L. 

- Includes a residual chlorine test kit to be used for regular 
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Country - Title Sub-title 
Available to 

review 
Comments 

monitoring (e.g. daily or weekly) of residual chlorine levels in 

the supplied drinking water. 

- The chlorine disinfection system carries the WaterMark or 

Plumbing Safety Type Test Mark and AS/NZS4348
24

. 

- It is equipped with a pre-filter to remove any iron, manganese 

and other dirt and debris that can either absorb and/or deplete 

chlorine residual levels. Water for chlorine disinfection should 

have a turbidity of <1 NTU. 

Before purchasing a treatment system it is recommended that 

the following information be obtained from the supplier: 

- Product specifications – including the contaminant removal 

claims and data. 

- Product certifications. 

- Maintenance and replacement requirements and associated 

costs. 

- Operating costs. 

Australia/NSW - Private Water 

Supply 

 Yes Some sections may be useful in developing guidance: 

Section 5.1.2 is completely relevant. This section covers 

chlorination, residual chlorine and best practice in water 

chlorination. 

Section 6.2.2 discusses the monitoring frequency of residual 

chlorine. 

Section 10.4 provides information on chlorine dosing.  

                                                      

24
  This is the only instance found in guidance documents from New South Wales and other states of AS/NZS4348 being referenced in relation to chlorine 

disinfection systems; it appears to be intended for physical treatment devices such as cartridge filters or membrane systems. 
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Country - Title Sub-title 
Available to 

review 
Comments 

Brazil - ABNT NBR 14908 Devices for improving water 

quality for domestic use-

Pressurised devices. 

No Applies to plumbed-in systems fed with potable water, i.e., for 

polishing purposes. System must demonstrate 2-log removal of 

E. coli using a standardised challenge test protocol.  

Mexico -  NOM-ISO-SSA-1998   No Applies to domestic water treatment equipment fed with 

potable water. Equipment must demonstrate 4-log removal of 

E. coli and 1.3-log removal of aerobic bacteria using a 

standardised challenge test protocol. 

New Zealand - Guidelines for 

Drinking-water Quality 

Management for New Zealand 

2017  

 Yes Some sections may be useful in developing guidance: 

15.5.1 Chlorine  

15.5.2 Chloramines  

15.5.3 Chlorine dioxide  

15.5.4 Ozone 

Chapter 19: Small, individual and roof water supplies. 

Singapore - Handbook on 

application for water supply  

 Yes Chlorine limits provided. 

USA – NSF/ANSI 53-2017: 

Drinking Water Treatment Units – 

Health Effects 

 No  Applies to POE and POU systems which are designed to 

reduce specific health-related contaminants, including those 

that are microbiological, chemical or particulate in nature. 

Intended for filtration and adsorption systems. The 

microbiological parameters included are limited to cysts 

(Cryptosporidium and Giardia). 

USA – NSF Protocol P231 

Microbiological Water Purifiers  

 Yes A methodology is provided. Its stated scope of application 

excludes dosed chemical disinfection systems but the testing 

procedure could be adapted. 
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Country - Title Sub-title 
Available to 

review 
Comments 

WHO International Scheme to 

Evaluate Household Water 

Treatment (HWT) Technologies. 

(2015) 

 Yes A methodology is provided. The testing procedure could be 

adapted. 

WHO -  Guidelines for drinking 

water Quality 

 Yes May be useful in developing guidance. 

WHO – Principles and practices 

of drinking-water chlorination 

 Yes May be useful in developing guidance. 
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Appendix G Implementation of chemical 
disinfection: Supporting 
information 

G1 Free, Combined and Total Chlorine, and Chlorine Demand 

When chlorine is dosed into water, a proportion of it is rapidly consumed by reactions with 

other constituents of the water. This initial, rapid consumption is referred to as ‘chlorine 

demand’. If ammonia is present, it reacts with chlorine to form compounds called chloramines. 

Chlorine can also react with some nitrogen-containing organic matter to form other types of 

chloramine. Chloramines are weak disinfectants. The summed concentration of chloramines 

is termed ‘combined chlorine’. Any remaining unreacted chlorine is termed ‘free chlorine’. The 

sum of free and combined chlorine is ‘total chlorine’. Hence: 

Chlorine dose = Chlorine demand + Combined chlorine + Free chlorine 

Total chlorine = Free chlorine + Combined chlorine 

It is the free chlorine concentration which is of significance for chlorine disinfection, and which 

must be monitored. The common methods for measuring chlorine concentration are available 

in different versions to measure free or total chlorine (combined chlorine is then determined 

by difference). It is important to use the correct test method. 

G2 Impact of pH on efficacy of chlorine disinfection 

Whatever source of chlorine is used, once dissolved in water the active compound is 

hypochlorous acid, HOCl. Hypochlorous acid dissociates in water to produce hypochlorite 

(OCl
-
) and hydrogen (H

+
) ions: 

𝐻𝑂𝐶𝑙 ↔ 𝑂𝐶𝑙− + 𝐻+ 

This dissociation is strongly dependent on pH, and also (less strongly) on temperature, Figure 

G.1. The significance of this dissociation is that hypochlorous acid is a stronger disinfectant 

than hypochlorite ion. This is the basis of WHO’s guideline for keeping chlorination pH to 

below pH 8.  

When monitoring free chlorine, what is being measured is the sum of hypochlorous acid and 

hypochlorite ion. 
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Figure G.1 Hypochlorous acid dissociation. 

 

G3 Estimating effective contact time 

The hydraulic residence time of water in a contact tank, HRT, is determined from the volume 

of water in the contact tank, V, and the volumetric flow rate, Q: 

𝐻𝑅𝑇 =
𝑉

𝑄
 

In a real tank or vessel, there are ‘dead zones’, through which water moves more slowly than 

average, and short-circuiting zones, through which water moves more rapidly than average. 

Some proportion of the water, therefore, is retained in the contact tank for less than the HRT. 

The contact time used to calculate Ct should make allowance for this, by applying a safety 

factor, f, to the average retention time: 

𝑡 = 𝑓𝐻𝑅𝑇 

The value of f lies between 0.1 and 1. It is possible to evaluate f using practical or 

computational methods, but an estimate can be made from knowledge of the configuration of 

the contact tank, as indicated in Table G.1. A good contact tank is configured to distribute the 

flow evenly, preventing jetting at the inlet and preferential flow paths at the outlet. An even 

distribution is easier to achieve and maintain in a long, narrow tank than a short, wide tank.  
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Table G.1 Indicative safety factors to estimate contact time of contact tanks. 

Adapted from USEPA (1999)
25

 

Category Safety factor, f Characteristics 

Poor 0.3 Squat configuration (low length/width ratio). 

Inlet pipe small relative to tank size. No 

baffling of inlet. No intermediate baffles. 

Stand-pipe and/or small outlet pipe relative 

to tank size.  

Average 0.5 Some baffling at inlet and/or outlet. 

Moderate length/width ratio. 

Superior 0.7 High length/width ratio. Well baffled inlet. 

Serpentine configuration or other 

intermediate baffles. Weir or well baffled 

outlet. 

Ideal 1.0 Long length of small-bore pipe. 

G4 Chlorine reactions with ammonia 

This depends on the relative proportions of chlorine and ammonia. At one extreme (excess 

ammonia), chlorine is converted to monochloramine, which is a much weaker disinfectant 

than chlorine, and ineffective for viruses. At the other extreme (excess chlorine), all of the 

ammonia and a proportion of the chlorine are eliminated; while in-between, there is a risk of 

generating compounds with strong, chlorinous tastes. 

Ammonia concentration is commonly reported in terms of its nitrogen content, in units of 

mg/L NH4
+
-N. Alternative units are mg/L NH3-N, mg/L NH3 and mg/L NH4

+
, where: 

1 mg/L NH4
+
-N = 1 mg/L NH3-N = 1.214 mg/L NH3 = 1.286 mg/L NH4

+
 

According to theory, the impact of the relative proportions of chlorine and ammonia on the 

outcome of reactions is as shown in Table G.2. 

                                                      

25
  USEPA (1999). Disinfection Profiling and Benchmarking Guidance Manual. EPA 815-R-99-013. 

https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=20002249.txt 

https://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=20002249.txt
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Table G.2 Theoretical outcomes of chlorine-ammonia reactions 

Mass ratio 

Chlorine:Ammonia 

mg Cl2 : mg NH4
+
-N 

Outcome 

≤ 5 Chlorine reacts with ammonia to form monochloramine. All 

ammonia reacted when ratio = 5.  

> 5 < 7.6 Monochloramine reacts with chlorine to form other types of 

chloramine which impart strong chlorinous taste, but these also 

react with chlorine and decompose. 

≥ 7.6 Chloramines completely decompose. Free chlorine exists. 

 

The point at which the chloramines have fully decomposed and free chlorine can exist is 

known as the ‘breakpoint’. To utilise chlorine disinfection in the presence of ammonia requires 

a chlorine dose in excess of the breakpoint. In practice, the ammonia-chlorine reactions are 

more complex than the simplified pathways assumed in Table G.2, and the mass ratio 

required to achieve the breakpoint may be greater than 7.6. A further practical consideration 

is that although the initial reaction between chlorine and ammonia to form monochloramine is 

near instantaneous, the subsequent formation and decomposition of other chloramines can 

take 30 – 60 minutes to complete. 

 


