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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. 

 

 


