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SUMMARY 

• The approaches to the regulation of trihalomethanes (THMs) internationally have been 
reviewed. 

• The new US approach to the regulation of THMs has been reviewed in depth, including 
the formulation of plans and the monitoring requirements for systems serving different 
sized populations. The costs of implementation of the new regulations and the benefits to 
human health estimated by the US Environmental Protection Agency are summarised. 

• The data on total THMs levels in the drinking water of all the water companies in England 
and Wales from 2004-2007 have been collated. These data were then analysed to 
compare the stringency of the current total THM standard with that of the new US 
approach if it were to be introduced in England and Wales. These data were analysed to 
compare exceedances from the present 100 µg/l absolute standard with a locational 
running annual average of 80 µg/l used in the new US regulation. 

• Compliance with the present 100 µg/l standard for TTHMs is very high; there was 99.92% 
compliance. Moving annual average TTHM concentrations were calculated for individual 
zones over the period 2004-7. Exceedances of a moving average of 80 µg/l were in all 
cases less than exceedances of the 100 µg/l standard, both in terms of numbers of 
individual samples and on a zonal basis. 

• Analysis of the results from samples collected from geographically similar locations over 
the years 2004-2007, although limited, suggested that a requirement to comply with an 
locational running annual average of 80 µg/l would be no more stringent that the present 
requirement of an absolute standard of 100 µg/l. 

• It was also concluded that distance of the sampling point from the treatment works is not a 
reliable indicator of the location of likely high TTHM concentrations. 

• The implication for the England and Wales of a standard for haloacetic acids (HAAs) such 
as that set in the USA was assessed. The limited published data on HAAs levels in UK 
drinking water suggest that a standard of 60 µg/l would lead to a high number of 
exceedances. However, this study was completed in 2003, and the initial findings of a new 
study suggest that concentrations of HAA levels in UK drinking water are now much lower 
than those originally reported. 

• The factors affecting the formation of HAAs in drinking water and their removal in 
treatment process have been summarised. 

• The potential costs to the water industry in England and Wales of adopting the US 
approach to THM regulation were assessed. The analysis of total THM data for England 
and Wales concluded that the US approach to THMs was no more stringent than the 
present regulations. Therefore, there were no protective benefits to the UK of adopting the 
US approach and no potential increases in cost, as there would be no increase in 
exceedances. 

• The cost implications for the water industry of setting a standard for HAAs are unclear at 
present.  
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1. INTRODUCTION 

The main purpose of the addition of chemical disinfectants to drinking water is to kill or 
inactivate microbial pathogens. However, disinfectant byproducts (DBPs) are formed by 
reaction between chemical disinfectants and naturally occurring compounds in the source 
water. These DBPs may, in themselves, pose a risk to human health and the use of chemical 
disinfectants is a balance between protection against microbial and the minimisation of the 
potential health risks of DBPs. The DBPs, trihalomethanes (THMs)1 and haloacetic acids 
(HAAs)2, are the compounds which have received most attention in considering potential 
effects on human health and international guidelines and standards have been set for the 
presence of THMs (and HAAs in some cases). 

In a stated effort to strengthen protection against microbial pathogens and reduce the 
potential risks of DBPs to human health, the US Environmental Protection Agency (EPA) has 
introduced a new approach to the regulation of THMs and HAAs. In this report, the new 
approach is reviewed. Data for the levels of THMs in drinking water in England and Wales, 
collated by the Drinking Water Inspectorate (DWI) were analysed in order to estimate the 
number of exceedances of the new US THMs standard and, hence, the potential effect on 
human health, if the new US approach was implemented in England and Wales. 

At present, there are no standards for HAAs in the UK. Monitoring data published for the UK 
were analysed to estimate the effect of implementing an HAA standard in England and Wales. 

The potential changes necessary to drinking water treatment in England and Wales and the 
subsequent costs involved in implementing the US approach to the regulation of THMs and 
HAAs were analysed. 

 

                                                 

1 Trihalomethanes named in the regulations are: bromodichloromethane (BDCM), bromoform, chloroform and 
dibromochloromethane (DBCM). 

2 The halaoacetic acids named in the US regulations are monochloroacetic acid (MCAA), dichloroacetic acid 
(DCAA), trichloroacetic acid (TCAA), monobromoacetic acid (MBAA) and dibromoacetic acid (DBAA). 
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2. REVIEW OF APPROACHES TO REGULATION OF THMS  
THROUGHOUT THE WORLD 

The results of the review of standards and approaches to total THMs, individual THMs are 
displayed in Table A1 in the Appendix.  Standards for THMs were found for the following 
countries, bodies or organisations: Australia, Canada, European Union (EU), Japan, 
Netherlands, New Zealand, South Africa, Sweden, United Kingdom, USA and the World 
Health Organization (WHO).  

WHO Guideline Values 

WHO set individual Guideline values for each THM : 60 µg/l BDCM, 100 µg/l  bromoform, 
300 µg/l for chloroform, and 100 µg/l for DBCM. For total THMs, the sum of the ratios of the 
detected concentration of each THM to its respective guideline value should not exceed 1.  

EU Standards 

The EU total THM standard of 100 µg/l was introduced in 1998. However, the parametric 
value from five to ten years after entry of this Directive into force is 150 µg/l until the end of 
2008. 

Of the European countries for which regulations have been located Sweden and the UK have 
adopted the EU standard of 100 µg/l. In the Netherlands the value set of 25 µg/l is the sum of 
chloroform, bromoform, dibromochloromethane, bromodichloromethane concentrations 
expressed as a 90th percentile, with a maximum concentration of 50 µg/l. Before 1st January 
2006, a maximum concentration of 100 µg/l applied (the concentration of BDCM must not be 
higher than15 µg/l). 

Germany has set a standard value of 50 µg/l, with the proviso that analysis in the supply 
network is not necessary if a value of 10 µg/l is not exceeded at the exit of the waterworks. 

Non-EU Standards 

Standards for total THMs have been located for Australia, Japan, New Zealand, South Africa 
and USA. Canada and Japan have standards of 100 µg/l, USA 80 µg/l, South Africa less than 
200 µg/l and Australia 250 µg/l. New Zealand has adopted a similar approach to WHO, that 
the sum of the ratios of the detected concentration of each THM to its respective guideline 
value should not exceed 1, although their individual values are, in some cases, lower than the 
WHO guideline values. Japan and the USA also set individual values for THMs. 
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3. EXAMINATION OF THE US APPROACH TO THE REGULATION 
OF THMS IN DRINKING WATER 

3.1 Final stage 2 Disinfectants and Disinfection Byproducts Rule 

3.1.1 Introduction  

The main regulation concerning the protection of drinking water in the USA is the Safe 
Drinking Water Act (SDWA). Amendments to the SDWA in 1996 required the US 
Environmental Protection Agency (EPA) to develop rules to balance the risks between 
microbial pathogens and disinfection byproducts (DBPs). The Stage 1 Disinfectants and 
Disinfection Byproducts Rule (Stage 1 DBPR) and Interim Enhanced Surface Water 
Treatment Rule introduced in 1996 were the first phase in this development. 

In Stage 1, EPA set maximum contaminant levels (MCLs), which are enforceable, for the sum 
of the four THMs (TTHMs) at 0.080 mg/l, the sum of five HAAs (HAA5) at 0.060 mg/l, bromate 
(for systems that use ozone), and chlorite (for systems that use chlorine dioxide).  Compliance 
for TTHMs and HAA5 was based on a running annual average of the quarterly average of 
samples taken in multiple locations. Selection of appropriate locations was based on 
professional judgement and the required numbers of samples were based upon a system's 
service population, source water, and number of treatment plants. In addition, certain systems 
were required to remove some amount of organic DBP precursor material (measured as total 
organic carbon) as an additional measure to control the formation of unregulated (but still 
potentially hazardous) DBPs and to limit the number of systems that might switch to an 
alternative disinfectant. 

The new Stage 2 Disinfectants and Disinfection Byproducts Rule (Stage 2 DBPR) seeks to 
build upon Stage 1 DBPR to increase protection at higher risk public water systems. The 
purpose of the Stage 2 DBPR and the Long Term 2 Enhanced Surface water Treatment Rule 
(LT2ESWTR) is to strengthen protection against Cryptosporidium and reduce the potential 
health risks of DBPs. In the USA there are over 48 000 public water systems serving over 260 
million people and these systems use chemical disinfection of water to kill or inactivate 
microbial contaminants. The EPA has identified that such chemical disinfection may itself 
pose a risk to human health. DBPs are formed from reactions between chemical disinfectants 
and naturally occurring compounds in the source water. The EPA believes that research 
shows that chlorinated water and DBPs may be associated with a risk of bladder and other 
cancers. Although there are uncertainties in the quantitative relationship between these 
cancers and the occurrence of DBPs in drinking water, the EPA suggests that additional 
reduction in the levels of DBPs in drinking water will reduce the incidence of bladder and 
possibly other cancers. 

In addition, EPA considers that toxicology and, in particular, epidemiological studies suggest 
that DBPs in drinking water pose a potential increased risk to pregnant women and foetuses. 
These studies show an adverse effect on early-term miscarriage, stillbirth, low birth weight 
and some birth defects. There are a number of uncertainties, such as the extent of 
reproductive and developmental effects, the dose and DBPs concerned and the time of 
development at which the foetus is at risk and no causal link has been established. However, 
the EPA believes that the evidence supports concern for these potential risks and that it 
warrants regulatory action. 
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In a separate but concurrent action, the LT2ESWTR has been introduced to improve control of 
microbial contaminants, particularly Cryptosporidium, and to ensure that the regulation 
introduced to reduce exposure to DBPs does not compromise microbial protection.  

Information in this Section is based on Basic information, facts sheets, reference guides and 
guidance manuals available at http://www.epa.gov/safewater/disinfection/. In particular, there 
is reference to the document entitled ‘Economic Analysis for the Final Stage 2 Disinfectants 
and Disinfection Byproducts Rule’.  Background information and an update on current 
progress on the implementation of Final Stage 2 have been supplied by Tom Grubbs, 
Environmental Engineer, Office of Ground Water and Drinking Water, US Environmental 
Protection Agency. 

3.1.2 Summary of Stage 2 DBPR 

The Stage 2 DBPR regulation3 agreed was for the maintenance of the Maximum Contaminant 
Levels (MCLs) for total trihalomethanes (TTHM) and haloacetic acids (total of 5, HAA5) at 
0.080 mg/l (80 µg/l) and 0.060 mg/l (60 µg/l) respectively (MCL of 10 µg/l for bromate). 
However, the compliance calculation was changed from the system-wide running annual 
average (RAA) calculation to a locational running annual average (LRAA) calculation. 
Systems will also be required to conduct an Initial Distribution System Evaluation (IDSE) to 
select monitoring sites that reflect high TTHM and HAA5 concentrations. The revised 
compliance determination would require MCLs of 0.080 mg/l for TTHM and 0.060 mg/l for 
HAA5 calculated as LRAAs to be met at individual monitoring sites identified through an IDSE. 
The EPA advisory committee also recommended simultaneous compliance with LT2ESWTR 
so that the reduction in DBPs would not compromise microbial protection. 

3.1.3 Initial Distribution System Evaluation (IDSE) 

The requirements of Stage 2 DBPR apply to all community water systems (CWSs) and 
nontransient noncommunity water systems (NTNCWSs) – both ground and surface water 
systems – that add a disinfectant other than UV, or that deliver water that has been treated 
with a disinfectant other than UV. There are four ways that systems can comply with the IDSE 
requirement - standard monitoring, system specific study, 40/30 certification, and very small 
system waiver.  Only the first two methods involve monitoring. 

For many systems (including the larger ones), the compliance monitoring will be preceded by 
an IDSE to identify monitoring locations that represent distribution sites with high TTHM and 
HAA5 levels. The IDSE consists of either standard monitoring or a system specific study 
(SSS).   

                                                 

3 Other alternatives were considered:  

MCLs of 80 µg/l for TTHM and 60 µg/l for HAA5, measured as an LRAA, MCL of 5 µg/l for bromate; 

MCLs of 80 µg/l for TTHM and 60 µg/l for HAA5, measured as a single highest (SH) value, MCL of 10 µg/l for 
bromate. This alternative would be very costly as systems would apply high design safety factors to ensure that 
the MCL was not exceeded (since DBP are hard to predict on a sample basis). The EPA also considered that 
there were no health effects data to justify selecting a particular value for acute risk. 

MCLs of 40 µg/l for TTHM and 30 µg/l for HAA5, measured as an RAA, MCL of 10 µg/l for bromate. This was 
considered by the EPA to be very costly and could lead to unintended consequences (such as more systems 
switching to alternative disinfectants, whose DBPs have been less well studied) 
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Standard Monitoring 

The standard monitoring option requires the system to collect one year of TTHM and HAA5 
data at a specified frequency and location to characterise levels in the distribution system. In 
addition, Stage 1 compliance data must be used to determine the best location for the new 
Stage 2 DBPR compliance monitoring. 

System Specific Study 

SSS is the option for systems that have extensive existing DBP data or have prepared a 
hydraulic model that can be used to determine locations of high DBPs in their distribution 
system. 

The Waiving of IDSE 

The need for an IDSE can be waived in two circumstances. Firstly, if a system meets the 
criteria for a 40/30 certification in that it has low Stage 1 monitoring results (every individual 
compliance sample is less than or equal to 40 µg/l and 30 µg/l for TTHM and HAA5 
respectively) and no TTHM or HAA5 monitoring violations during a 2-year eligibility period. 
Secondly, systems can qualify for a very small systems waiver if they serve fewer than 500 
people and have TTHM and HAA5 data. 

Tom Grubbs from US EPA clarified these methods further. 40/30 certification is available to 
systems with low DBPs (generally groundwater systems) and the waiver is available to 
systems serving <500. Small and groundwater systems are the majority of systems required 
to comply with at least some of the rule's requirements (about 80%), but they serve far fewer 
people than the large (predominantly surface water) systems. This approach is consistent with 
executive orders that direct US EPA and other government agencies to reduce costs to small 
regulated entities; they also tended to be those at less risk. 

Systems with low DBPs are not systems that are at risk and can therefore continue using 
existing DBP monitoring locations without additional (IDSE) monitoring.  Very small systems 
tend to have less complex distribution systems and lack the technical and financial resources 
to conduct IDSE monitoring - those using groundwater also generally have low DBPs and will 
use the same locations, while very small surface water systems generally get help from the 
state in determining whether the existing locations are adequate. 

3.1.4 Monitoring Requirement 

The Stage 2 DBPR changes the way that sampling results are averaged to determine 
compliance. The determination is based on an LRAA and compliance must be met at each 
monitoring location instead of the system-wide RAA used under the Stage 1 DBPR. 

The EPA states the systems must develop a monitoring plan that includes monitoring 
locations, monitoring dates and compliance calculation procedures.  

This was again clarified by US EPA. Many systems (51% is the estimate) will be able to use 
their existing plan, therefore, there will be no extra cost. However, some systems that did not 
have to conduct IDSE monitoring will have to develop a new plan due to a change in number 
of samples required (driven by the switch from treatment plant-based monitoring to 
population-based monitoring) or different locations required (selection based on professional 
judgement instead of monitoring). 
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This monitoring plan replaced the reliance on professional judgement. Studies done by large 
systems in 1997-1998 showed that systems were frequently unable to identify good 
monitoring locations (generally based on long residence time in the distribution system), since 
the flow characteristics were very complex and could change diurnally and seasonally. This 
information also indicated that high TTHM and high HAAs locations were frequently not the 
same – it appeared that HAAs could be degraded once the distribution system disinfection 
dropped below a certain level. The new Stage 2 adopts a population-based monitoring 
approach where compliance and IDSE monitoring requirements are based only on source 
water type and retail population served. This is unlike the plant-based system in Stage 1 and it 
is considered by EPA that it will improve public health protection, flexibility and simplify 
implementation.  

This new requirement for number of samples is based on a system’s service population and 
source water, and not the number of treatment plants. It was considered that previous 
requirements resulting in monitoring for some systems that was inadequate (large systems 
with only one or two treatment plants did not monitor enough to characterise their DBP levels 
throughout the distribution system), while others monitored too much (smaller systems with 
many treatment plants or ground water systems with many wells and low levels of DBPs). 

Examples of the number of sampling locations required for the population level served by a 
system, together with the monitoring frequency is shown in Table 3.1. This is compared to the 
sampling requirements for Stage 1.  

Table 3.1 Examples of the Stage 2 DBPR population-based compliance monitoring 
requirements 

Distribution System Sample Location System size 
Population served 

Highest 
TTHM 
Locations 

Highest 
HAA5 
Locations 

Existing Stage 
1 Locations 

Total sample 
locations/system 

under stage 2 

Monitoring 
frequency 

Systems using surface water in whole or in part 

<500 1 1 NA 2 per year 

10 000-49 999 2 1 1 4 per quarter 

250 000-999 999 5 4 3 12 per quarter 

>5 000 000 8 7 5 20 per quarter 

Systems using only ground water 

<500 1 1 NA 2 per year 

10 000-99 999 2 1 1 4 per quarter 

>500 000 3 3 2 8 per quarter 
 

The MCL compliance for larger population is based on individual DBP measurements at a 
location averaged over a four-quarter period. Therefore, monitoring in a system could detect 
TTHM or HAA5 levels higher than the MCL values, while maintaining a compliance with the 
Stage 2 DBPR. This is because the higher level could be averaged with lower values over the 
rest of the period for a given location. For this reason, the Stage 2 DBPR includes a provision 
for ‘operational evaluations’ as follows: 
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• A system has exceeded an operational evaluation level at any monitoring location when 
the sum of the two previous quarters’ compliance monitoring results plus twice the current 
quarter’s results, divided by 4 exceeds 80 µg/l for TTHM or 60 µg/l for HAA5. 

If an operational evaluation level is exceeded, the system has to conduct an ‘operational’ 
evaluation’ and submit a written report of the evaluation to the regulator (State/Primacy) no 
later than 90 days after being notified of the analytical results that caused the exceedance. 

Table 3.2 shows the number of different types of systems in the USA and the percentage that 
will have to undertake different activities under Stage 2. These activities include IDSE 
monitoring, the preparation and implementation of a monitoring plan together with any 
operational evaluations, when data have been produced. 

Table 3.2 Systems subject to Stage 2 activities 

% Systems Systems Number 

Implementation IDSE 
Monitoring 

Stage 2 
Monitoring 

plan 

Operational 
evaluation 

SW & Mixed CWSs 11803 100 83 90 4 

Disinfecting GW 
only CWSs 

30229 100 10 44 0 

SW & Mixed 
NTNCWSs 

777 100 1 1 0 

Disinfecting GW 
only NTNCWSs 

5483 100 0 0 0 

Total 48293 100 26 49 1 
SW Surface water 
GW Ground water 

3.2 Treatment changes following the implementation of Stage 2 

The total cost to the USA of the implementation of Stage 2 DBPR was estimated in two parts: 

• Treatment costs based on a mean unit cost of advanced treatment technology and 
chloramines. Including initial capital and ongoing operational and maintenance activities, 
for the percentage of systems it is estimated that will need improved treatment.  

• Non-treatment costs for implementation, the IDSE, monitoring plans, additional routine 
monitoring and operational evaluations based on estimates of labour hours and additional 
laboratory costs. 
 

The annual household cost increases for Stage 2 DBPR is estimated: 

• For all systems, the mean, median and 90th percentile are $0.62, $0.03 and $0.36 (sic, 
from US EPA Report). 

• For households served by systems making treatment technology changes, the mean, 
median and 90th percentile are $5.53, $0.80 and $10.04 
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Household in small systems served by plants making treatment technology changes will 
experience the highest annual cost increases. 

Summary of results 

As the purpose of the IDSE was to identify compliance monitoring locations with potentially 
higher levels DBPs, EPA examined the possibility that systems could detect higher DBP levels 
at these sites than at those sampled under the old Stage 1 monitoring system. This suggested 
that the number of plants requiring new treatment technology had to be considered. Using 
methodology developed to estimate this, EPA suggests that 4.4% of all treatment plants would 
be required to make treatment technology changes. It is also estimated that this increase in 
advanced treatment methods would lead to a mean reduction in TTHM levels of 4.5% and 
HAA5 of 5.2%. The EPA estimated that the introduction of Stage 2 DBPR will result in 
estimated increased costs to public water systems and states of $79 million annually. (More 
detail on how these costs are derived is available in the US EPA document entitled ‘Economic 
Analysis for the Final Stage 2 Disinfectants and Disinfection Byproducts Rule’). 

3.3 Benefits of introducing Stage 2 

To balance the cost of the introduction of Stage 2 DBPR, EPA estimated the potential 
prevention of bladder cancer cases, together with the mean monetary benefit of this 
prevention. 

Three health endpoints were addressed as regards the benefits of reducing TTHMs and 
HAAs: reduction in the incidence of bladder cancer; decreasing cases of colon and rectal 
cancer; decreasing adverse effects on reproductive and developmental health (specifically 
foetal loss). Similar methods were used for each of these endpoints: 

• Estimate the current and future annual cases of illness from all causes 
• Estimate how many cases could be attributed to DBP occurrence and exposure 
• Estimate the reduction in future attributable cases corresponding to anticipated reductions 

in DBP occurrence and exposure due to the new Stage 2 DBPR 
 

The monetary benefits of Stage 2 DBPR were estimated for bladder cancer by multiplying the 
estimated number of bladder cancers prevented by the estimated monetary value associated 
with preventing both fatal and non-fatal bladder cancer. The estimates involve the use of the 
value of a statistical life (VSL) for fatal cases and an estimate of a willingness to pay (WTP) to 
avoid non-fatal bladder cancer (based on estimates for two other diseases, non-fatal 
lymphoma and bronchitis). VSL is not the value for saving an individual life but represents an 
estimate of the monetary value of reducing the risk of premature death from cancer. For 
example, if the regulation reduced the risk of premature death from cancer by 1 in a 
population of 1 million, it would save 1 life.  If each member of the population were willing to 
spend $5 to achieve this risk reduction, the VSL would be $5 million for that 1 life. Based on 
previous studies, the mean VSL is $4.8 million. The WTP to reduce the risk of non-fatal 
cancer is, like the VSL, spread across the exposed population4. 

                                                 

4 The UK Health and Safety Executive’s Value of preventing a fatality (VPF) uses a similar approach. The VPF is 
again simply another way of saying what people are prepared to pay to secure a certain averaged risk reduction. A 
VPF of £1000 000 corresponds to a reduction in risk of one in a hundred thousand being worth about £10 to an 
average individual. These values are, therefore, not to be confused with the value society, or the courts, might put 
on the life of a real person or the compensation appropriate to its loss. 
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A similar technique was attempted for colon and rectal cancer but the data were insufficient 
and owing to uncertainty in the toxicological data, this approach was not used for reproductive 
and developmental effects. 

To estimate the baseline number of cases attributable to DBP exposure, the EPA used a 
number of epidemiological studies and the meta-analysis and pooled data of Villanueva et al. 
(2003, 2004) to use Population Attributable Risk (PAR) and Odds Ratio (OR), particularly as a 
function of average TTHM concentrations. 

The EPA did note that the existing epidemiological studies have not conclusively established 
causality between DBP exposure and any health risk endpoint.  

The EPA then assumed a linear relationship between average DBP concentrations and 
bladder cancer risk. Then the reductions in TTHM and HAA concentration following Stage 2 
DBPR implementation following predicted treatment technology changes were multiplied by 
the baseline cases of bladder cases to produce an avoidable number of bladder cancers.  

The final stage of the calculation was to estimate the monetary benefit of avoidable bladder 
cancer cases. The VSL is based on the monetary value of reducing the risk of premature 
death from cancer (rather than the cost of saving an individual life). More detail on how these 
costs are derived are available in the US EPA document entitled ‘Economic Analysis for the 
Final Stage 2 Disinfectants and Disinfection Byproducts Rule’. 

Summary of results 

To balance this cost, the EPA has projected that Stage 2 DBPR will prevent approximately 
280 cases of bladder cancer each year (of which about 26% are fatal). Based only on bladder 
cancer cases, the annual mean benefit in terms of money was estimated to be $1.5 billion, 
based on the VSL calculations outlined above. They also suggested that there were benefits 
which they have not quantified, such as the prevention of potential reproductive and 
developmental risks.  

3.4 Timetable of Stage 2 DBPR Implementation 

The EPA has a timetable of implementation of Stage 2 DBPR and this is summarised in Table 
3.3. This is based on the size of population served by each system with the larger systems 
implementing Stage 2 DBPR before the smaller systems. 
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Table 3.3 Implementation timetable for Stage 2 DBPR 

ACTIONS PUBLIC WATER 
SYSTEMS Submit IDSE, SSS 

plan or 40/30 
certification 

Complete IDSE Submit IDSE 
Report 

Begin Stage 2 
monitoring 

CWSs/NTNCWSs 
At least 100 000 

October 1 2006 September 30 
2008 

January 1 2009 April 1 2012 

CWSs/NTNCWSs 
50 000-99 999 

April 1 2007 March 31 2009 July 1 2009 October 1 2012 

CWSs/NTNCWSs 
10 000-49 999 

October 1 2007 September 30 
2009 

January 1 2010 October 1 2013 

CWSs 
Fewer than 10 000 

April 1 2008 March 31 2010 July 1 2010 October 1 2013 

NTNCWSs 
Fewer than 10 000 

NA NA NA October 1 2013 

3.5 Update on implementation of Stage 2 DBPR 

The following comments on the progress on the implementation of Stage 2 DBPR are based 
on personal communication from Tom Grubbs of the EPA. 

One of the main issues in the implementation of the Stage 2 DBPR in the next few years is the 
process of selecting good monitoring sites, as high levels can vary according to a number of 
factors and levels can vary at a particular site based on water age, precursor levels and type 
in the finished water, and how the treatment processes are operated on any particular day.  
This becomes much more of an issue when compliance is based on a single sample rather 
than an average. 

Monitoring plans have generally been submitted and reviewed on time and larger systems 
have begun monitoring. The identification of combined distribution systems (interconnected 
buyers and sellers) had not been considered before, but it has provided the EPAs with a lot of 
good information about the extent of interconnection. The overhead in getting the process 
started has been very high and included the development of a web-based report submission 
system (an expensive proposition and resource intensive), a system for answering questions 
from applicants, addressing hardware and software problems and returning to systems whose 
original submissions were missing information or had other problems.  Since the process is 
decentralized (some work is being done at EPA headquarters, other at EPA regions or by 
individual States), there is currently no comprehensive information about number and types of 
submissions.  Many more system specific studies have been submitted than was expected, 
probably due to more systems having hydraulic models (and contractors selling hydraulic 
model services to smaller systems) and the high analytical costs. 
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4. EXAMINATION OF THE EXISTING DATA IN ENGLAND AND 
WALES ON THE MONITORING OF THMS AND COMPARISON 
WITH THE US APPROACH 

4.1 Existing THMs data 

DWI provided the following data in Excel files: 

• For each calendar year 2004 to 2005 separately, the raw THM data for each water 
company in England and Wales comprising: 

Company 
Site Ref 
Parameter Code 
Sample Result 
<> Qualifier (indicating whether value is less or greater than the sample result) 
Grid Reference Eastings 
Grid Reference Northings 
Post Code 
Sample Date 
Sample Time 

• For each company and calendar year the Details table according to the requirements 
outlined in the DWI Information Letter 6/2003 (revised) comprising: 

Site Ref 
Site Name 
Start Date 
End Date 
Population 
Vol Out Cap 
Grid Reference - Eastings 
Grid Reference - Northings 
Source Type 
Chloramination Flag 
Al Floc Flag 
Fe Floc Flag 
SW Flag 
Hypo Flag 
Con Supply 
Fluor Dose 
Phos Dose 
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• For each company and calendar year the Site table according to the requirements outlined 
in the DWI Information Letter 6/2003 (revised) comprising: 

Site Ref 
Site Ref Zone 
Volume 

Data for 2003 was also requested and provided but as this contained only summary statistics 
and not the raw THM data this was not used further. Maps in JPG format showing each 
company’s area of supply, treatment works, service reservoirs and zones were also provided. 

It should be noted that the basis of the data is sampling from randomly selected consumers’ 
taps within a zone (although in a few instances where THM levels are low, samples may be 
taken from supply points e.g. water treatment works, service reservoirs or designated points 
within the distribution system). Consequently, in most cases, unlike the US, the same location 
will not be revisited making exact estimation of a locational running annual average (LRAA) 
impossible. Thus the calculations presented in Section 4.2 are not strictly comparable to 
applying the US approach but, given the lack of fixed-point THM data for England and Wales, 
represent the closest approximation possible given the available random daytime data. In 
Section 4.4, the six cases identified in Section 4.3 are further analysed looking at other 
sampling sites located nearby, in an attempt to compare more accurately results from England 
and Wales with the new US approach. 

The moving averages calculated for the results from England and Wales are equivalent to the 
running averages in the US approach. 

4.2 Data analysis 

For each company a ‘consolidated’ workbook was created including each year’s Details and 
Site tables (as separate sheets) and all of the THM data tables combined into a single sheet 
(a macro was used to consolidate the latter data). Where grid reference Eastings and 
Northings were not included, these were calculated from the Post Code data by means of a 
lookup table. 

For each company’s Site table for each year, a set of lookup formulas was used to relate input 
zone codes to related treatment work(s). Examples are shown below. Figure 4.1 is an 
example where a single treatment works (T22) supplies several zones and Figure 4.2 is an 
example of two works (TS011 and TS010) supplying two zones. Sensitive information in these 
figures has been blurred-out. Examples were also found of single works feeding single zones 
and multiple works supplying multiple zones. 
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Figure 4.1 Lookup table – Example 1 

 

Figure 4.2 Lookup table – Example 2 

The distance between two points (denoted by i and j) was calculated from the Eastings and 
Northings using the following equation: 

1000
)()( 22
jiji NNEE

D
−+−

=         (1) 

where 

D is the distance in km 
E and N are the six-digit Eastings and Northings 



Defra/DWI 
 

WRc Ref: Defra7831/14905-0 
August 2008 

18

To simulate the new US approach, the zone giving the highest TTHM concentration during 
2004 was identified for each company5. The results are summarised in Table 4.1. 

It would, in principle, also have been possible to identify the ‘worst’ zone associated with each 
works using a similar approach. However, bearing in mind the results of the moving average 
calculations (see below), this was not considered necessary. 

For every water supply zone the annual moving average TTHM concentration was calculated 
for all the data 2004-7 except where 

• there were data for only one year; or 
• the monitoring frequency was less than two samples per year. 

An example is shown in Table 4.2 – because of the way that moving averages are calculated, 
the results of the moving average start with the last point of the first year sampled (2004 in the 
example).  

Table 4.1 Summary of zones giving highest TTHMs in 2004 

Company Number of Zones Highest Zone Max. TTHM (µg/l)
1 1 69.10 
2 174 99.20 
3 52 123.00 
4 10 55.30 
5 8 9.84 
6 1 19.21 
7 18 72.50 
8 90 105.00 
9 51 110.00 

10 6 80.30 
11 3 15.50 
12 16 58.10 
13 79 111.00 
14 13 70.18 
15 19 73.70 
16 75 137.40 
17 83 106.00 
18 23 89.20 
19 191 112.00 
20 23 96.70 
21 4 51.80 
22 244 87.30 
23 70 63.10 
24 271 135.00 
25 103 91.83 
26 78 90.10 

 

                                                 

5  In these and other calculations the < qualifier was ignored. This is equivalent to treating TTHM concentrations 
reported as less than the reporting limit as being equal to the reporting limit. 



Defra/DWI 
 

WRc Ref: Defra7831/14905-0 
August 2008 

19

To examine spatial trends in TTHM concentrations, TTHM data for selected zones were 
plotted against distance of the sampling point from the treatment works. A limited number of 
graphs were constructed to examine seasonal variability in TTHM concentrations. 

Table 4.2 Example of moving average calculation 

Sample date Sample result µg/l Moving average µg/l 
05/02/2004 22.54 N/A 
16/03/2004 3.34 N/A 
29/04/2004 44.15 N/A 
10/06/2004 24.37 N/A 
23/07/2004 12.86 N/A 
06/09/2004 56.6 N/A 
14/10/2004 9.11 N/A 
25/11/2004 5.91 22.36 
26/01/2005 6.44 20.35 
07/03/2005 12 21.43 
22/04/2005 23 18.79 
02/06/2005 25.22 18.89 
15/07/2005 50.57 23.61 
24/08/2005 7.6 17.48 
05/10/2005 17.7 18.56 
16/11/2005 28.57 21.39 
30/01/2006 5.84 21.31 
13/04/2006 7.73 20.78 
08/05/2006 43.17 23.30 
26/06/2006 46.01 25.90 
23/08/2006 31.51 23.52 
09/10/2006 5.86 23.30 
29/11/2006 10.78 22.43 
04/12/2006 10.51 20.18 
08/01/2007 7.88 20.43 
23/02/2007 9.32 20.63 
10/04/2007 20.8 17.83 
23/05/2007 38.3 16.87 
12/07/2007 7.06 13.81 
22/08/2007 28.9 16.69 
05/10/2007 5.92 16.09 
22/11/2007 22.1 17.54 

 

4.3 Results 

An example of a plot of moving average TTHM concentrations for a zone is given in Figure 
4.3. In this and similar plots the X-axis values are the sequential sample numbers. This 
example shows that even with ‘excursions’ of the individual TTHM concentrations above 
100 µg/l, the moving average did not exceed 80 µg/l. 
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Figure 4.3 Example of moving average plot 

Plots of moving average TTHM concentrations where the moving average exceeded 80 µg/l 
are given in Figure 4.4 to Figure 4.9. 
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Figure 4.4 Moving average failure – Case 1 
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Figure 4.5 Moving average failure – Case 2 
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Figure 4.6 Moving average failure – Case 3 
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Figure 4.7 Moving average failure – Case 4 
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Figure 4.8 Moving average failure – Case 5 
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Figure 4.9  Moving average failure – Case 6 
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In the example of Case 6 (Figure 4.9) THM concentrations fell sharply after sample number 
11. This is likely to be a consequence of enhanced coagulation which was installed at the 
treatment works during 2004. 

Table 4.3 summarises the numbers of samples and zones that exceed the 100 µg/l absolute 
standard and that exceed an annual moving average of 80 µg/l. In all cases the number of 
exceedances of the 80 µg/l moving average is less than or equal to the number of 
exceedances of the 100 µg/l absolute standard. 

For the whole of England and Wales in the period 2004-2007 there were 42 exceedances of 
the 100 µg/l standard; for the same period there would have been 11 exceedances of an 
80 µg/l annual moving average. Expressed as numbers of zones, 34 had at least one 
exceedance of the 100 µg/l standard compared to 6 that would have had at least one 
exceedance of an 80 µg/l annual moving average. 

Figure 4.10 shows an example plot of TTHM concentrations against distance of the sampling 
point from the treatment works (as a surrogate for time between treatment and sampling). 
There is no clear effect of distance – possibly because of seasonal variations in TTHM 
concentrations (see Figure 4.11). Figure 4.12 shows data for the same works as in Figure 
4.10 but for samples taken during weeks 1 to 10 to restrict the effects of seasonality – a 
clearer trend of increasing TTHM concentrations with distance from the works is evident.  

In some cases, however, a clearer effect of distance from the works can be discerned – see 
Figure 4.13. In both of these examples, each zone is fed from only one treatment works – 
where more than one works feeds a zone it would not be sensible to use distance as a 
surrogate for time in transit. 

There was no clear evidence for diurnal trends in TTHM concentrations. This is probably 
because sampling was undertaken during the working day (typically between 08:00 and 
14:00). 

Table 4.3 Summary of failure rates 2004-2007 

Company Samples failing Zones failing 
 100 µg/l absolute 80 µg/l MA 100 µg/l absolute 80 µg/l MA 

1 1 0 1 0 
2 0 0 0 0 
3 4 0 3 0 
4 0 0 0 0 
5 0 0 0 0 
6 0 0 0 0 
7 0 0 0 0 
8 12 2 9 2 
9 1 0 1 0 

10 0 0 0 0 
11 0 0 0 0 
12 0 0 0 0 
13 2 0 2 0 
14 0 0 0 0 
15 0 0 0 0 
16 6 5 4 1 
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17 5 0 3 0 
18 0 0 0 0 
19 6 2 6 2 
20 3 0 3 0 
21 0 0 0 0 
22 0 0 0 0 
23 0 0 0 0 
24 2 2 2 1 
15 0 0 0 0 
26 0 0 0 0 

Total 42 11 34 6 
 

 

0

20

40

60

80

100

120

140

0 5 10 15
Distance from works (km)

TT
H

M
 ( µ

g/
l)

Z204 Z205
Z206 Z207

 

Figure 4.10 TTHMs vs distance from works – Example 1 
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Figure 4.11 Seasonal variation in TTHMs – Example 1 
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Figure 4.12 TTHMs vs distance from works – Example 1, weeks 1 to 10 
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Figure 4.13 TTHMs vs distance from works – Example 2 

In general it would not be prudent to sample at the end of the distribution system in the 
expectation of finding high TTHM concentrations. After the water leaves the treatment plant 
the THM concentrations can increase or decrease due to either continued reactions forming 
THMs or processes within the distribution system that consume THMs. The evolution of THM 
concentrations during distribution appears to depend upon several factors including residence 
time, water flow patterns, condition and management of the system and maintenance of a 
disinfectant residual (Premazzi et al. 1997). 

4.4 Analysis of samples from geographically similar locations 

The analysis of TTHM data was based mostly on random daytime samples as relatively few 
samples are taken from fixed points (and only when TTHM concentrations are known to be 
low). The data indicate that a requirement to comply with an annual moving average of 80 µg/l 
would be no more stringent that the present requirement of an absolute standard of 100 µg/l 
based upon random daytime samples. It is not possible to state definitively what the level of 
compliance would be using the US approach of sampling from ‘worst-case’ fixed locations 
within the distribution system. However, at a zonal level, only two of the zones giving the 
highest TTHM concentrations in 2004 (Table 4.1) subsequently gave exceedances of the 
80 µg/l annual moving average (Figure 4.6 and Figure 4.9). 

These data were analysed further to attempt a more direct comparison with the new US 
approach of using locational running annual average concentrations. For each of the 6 cases 
shown in Figure 4.3 to Figure 4.9, the location of the sample giving the highest TTHM 
concentration in 2004 was identified (This would correspond to the location of the likely 
highest TTHM concentration in the US approach).  For subsequent years, the geographically 
closest sample to the highest 2004 sample was identified (by calculating distances between 
sampling points using Equation 1). Although the locations of the closest samples were highly 
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variable, they were mostly approximately 500 metres. Moving averages were then calculated 
for these values (one result per year per zone). The results are summarised in Table 4.2. The 
values in parentheses are the week numbers during which the samples were taken, showing 
that, in general, the samples covered a reasonable spread throughout the year and that 
seasonal variation was not a consideration in the analysis.  

Table 4.4 Moving averages (µg/l) for geographically close locations 

 Example Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 
 (Fig 4.3) (Fig 4.4) (Fig 4.5) (Fig 4.6) (Fig 4.7) (Fig 4.8) (Fig 4.9) 

2004 N/A (32) N/A (6) N/A (6) N/A (32) N/A (41) N/A (30) N/A (7) 

2005 78.0 (16) 46.5 (8) 57.4 (46) 102.5 (32) 60.1 (15) 81.1 (30) 84.3 (40) 

2006 56.6 (44) 68.8 (42) 55.6 (34) 75.8 (23) 56.3 (30) 66.6 (35) 33.4 (26) 

2007 73.7 (23) 70.9 (8) 60.8 (13) 66.6 (4) 79.3 (24) 72.1 (7) 33.8 (21) 
The values in parentheses are the week numbers during which the samples were taken  

The results show that the failure rate for geographically (locational) close samples was lower 
than when all of the results for the zone were included. This suggests that compliance with an 
80 µg/l moving average from fixed sampling locations may be no more demanding than for 
random sampling locations. 

4.5 Conclusions 

1. Compliance with the present 100 µg/l standard for TTHMs is very high – during 2004-7 
there were 42 exceedances out of 52125 samples (99.92% compliance). 

2. Annual moving average TTHM concentrations were calculated for individual zones over 
the period 2004-7. Exceedances of a moving average of 80 µg/l were in all cases less 
than exceedances of the 100 µg/l standard, both in terms of numbers of individual 
samples , on a zonal basis and when comparing geographically closest locations. 

3. A requirement to comply with an annual moving average of 80 µg/l would be no more 
stringent than the present requirement of an absolute standard of 100 µg/l based upon 
random daytime samples. 

4. Distance of the sampling point from the treatment works is not a reliable indicator of 
where to find high TTHM concentrations. 
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5. EXISTING HALOACETIC ACIDS DATA 

5.1 Monitoring of HAAs in drinking water 

The only completed monitoring study on haloacetic acids (HAAs) in drinking water in the 
England and Wales, is that described in the paper of Malliarou et al. (2005). It describes 
monitoring carried out during the summer of 2003.  

In this study, concentrations of HAAs were measured in the water supply in regions of middle 
and northern England covered by three water companies. Approximately 30 samples were 
obtained from each company from various supply zones, which had a range of THM levels (10 
samples from each of the following categories: <30, 30-60, >60 µg/l TTHMs). The purpose of 
this was to get a range of HAA levels.  

The HAAs measured in this study were slightly different to the five regulated in the US, which 
are monochloroacetic acid (MCAA), dichloroacetic acid (DCAA), trichloroacetic acid (TCAA), 
monobromoacetic acid (MBAA) and dibromoacetic acid (DBAA). Monochloroacetic acid was 
not measured due to analytical difficulties and two further HAAs were measured, 
bromochloroacetic acid and bromodichloroacetic acid.  

While individual HAAs were measured, for the purposes of comparison with the US standards, 
the total HAAs (THAAs) are summarised in the Table 5.1 below. 

Table 5.1 Total haloacetic acids (THAA) and total trihalomethanes (TTHMs) in three 
water companies in the UK (Malliarou et al., 2005) 

THAA  µg/l TTHM µg/l Region Number of 
samples 

Mean Maximum Mean Maximum 

A 31 35.1 82 50.9 76 

B 29 94.6 244 27.6 72 

C 27 52.1 91 48.6 75 
 

The THAAs in Table 5.1 although for slightly different species than those measured in the US 
and for which a standard of 0.060 mg/l (60 µg/l) is set, are indicative of levels that could 
possibly be detected in the UK. Maximum concentrations in all three regions are above the US 
standard and for one region (B), the mean is above the US standard. The authors do note that 
these levels are considerably higher than seen in previous studies. 

Six samples from region B had concentrations of THAAs above 200 µg/l. The source for all 
these samples was surface water and for all of them the DCAA levels was above 100 µg/l 
(well above the WHO Guideline value of 50 µg/l) while the TCAA levels were lower than the 
DCAA levels. 
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Both the mean and maximum concentrations of TTHMs in all three areas are lower than the 
UK standards. The authors concluded that TTHMs levels cannot be assumed to be a good 
indicator for HAAs. 

The authors note that the water companies were trying to lower their DBP levels. In Region B, 
for example, the water treatment works that supplied some of the areas had now been closed 
down and the area supplied by another water treatment works, while in other areas, enhanced 
coagulation and direct filtration had been introduced to lower the levels of organics and reduce 
DBPs. 

The conclusion from this study is that should the US standard for HAAs be introduced in the 
UK, there is considerable potential for exceedance of this standard in all the three regions 
monitored in this project.  

The same team from Imperial College, London are currently conducting a further project to 
monitor HAAs in systems using different source waters, upland surface, lowland surface and 
groundwater and different geographical regions and also investigating the kinetics and 
determinants of HAA formation including disinfectant chemicals, residence and reaction time, 
total organic carbon (TOC), pH and temperature.  

The latest information on this recent ongoing study is that it has found significantly lower 
levels than the one reported in 2005 and outlined above (Nigel Graham, Personal 
Communication). While this recent study is more limited in geographical extent, it does include 
upland and lowland surface sources and a groundwater, and has covered all 4 seasons in 
each case. The actual results are not available at present and the reasons for the differences 
in results from the earlier study are unknown.  

5.2 Factors affecting the formation of HAAs 

In considering the presence of HAAs in drinking water and the possible cost to the water 
industry of avoiding exceedances if an HAA standard was set, factors affecting their formation 
need to be assessed. 

Organic material 

HAAs have been shown to result from the chlorination of aquatic humic and fulvic material 
(Christman et al. 1983, Miller and Uden 1983, Legube et al. 1985). HAA formation increases 
with the TOC concentration (i.e. with increasing concentration of natural organic matter) 
(Chowdhury et al. 1993). It also appears that apart from the quantity of natural organic matter, 
haloacetic acid formation also depends on the type of natural organic matter. Reckhow et al. 
(1990) state that aquatic humic acids produce more trichloroacetic acid (TCA) and 
dichloroacetic acid (DCA) than aquatic fulvic acids from the same source, and that humic 
materials with higher specific UV absorbance form more TCA. 

Chlorine dose and reaction time, and pH 

Increasing the chlorine dose and reaction time both result in an increase in DCA and TCA 
formation (Hutchison et al. 1993, Nikolaou et al. 2004a, Nikolaou et al. 2004b). The pH of 
chlorination has a marked effect on the concentration of TCA formed (reduced at higher pH) 
but no discernible effect on DCA formation (Hutchison et al. 1993, Reckhow et al. 1990, 
Stevens et al. 1989). With a chlorine dose of 10 mg/l, pH from 4 to 10 and 24 hours reaction 
time the concentration of monochloroacetic acid (MCA) was maximal at pH 7 but pH had no 
effect on monobromoacetic acid (MBA) formation, DCA concentrations increased from pH 8 
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but TCA formation decreased with increasing pH (Uyak et al. 2007). Increasing pH favoured 
the formation of MCA and DCA but reduced the formation of TCA and MBA (Nikolaou et al. 
2004b). MCA formation was reduced on going from pH 8 to pH 6 (Cowman and Singer 1996). 
Attempts to reduce the formation of TCA through pH adjustment must be weighed against the 
possibility of increased THM concentrations since THM production increases at higher pH 
(Hutchison et al. 1993, Kim et al. 2002). So, in general, the formation of HAAs appears to 
increase at lower chlorination pH although the formation of specific species varies widely. 

Bromide 

The presence of bromide in chlorinated humic acid solution has been shown to shift the 
distribution of HAAs from chlorinated species to more brominated species (Pourmoghaddas et 
al. 1993, Chang et al. 2001) and brominated HAAs have been shown to be formed when 
natural water containing bromide is chlorinated (Uyak et al. 2007, Uyak and Toroz 2007). 
Cowman and Singer (1996) have demonstrated that the brominated and mixed 
chlorinated/brominated species can form up to 80% of the total HAA present in chlorinated 
water. 

Ozonation 

The information on the effect of preozonation prior to chlorination appears contradictory. 
Hargesheimer et al. (1986) state that preozonation appeared to increase the formation of TCA 
and not affect DCA, whereas Reckhow and Singer (1984) and Jacangelo et al. (1989) state 
that preozonation reduced the formation of TCA. Increasing bicarbonate concentration during 
preozonation results in a decrease in the formation of DCA and TCA (Doré et al. 1988, 
Reckhow et al. 1986). Since bicarbonate stabilises molecular ozone, reducing the formation of 
hydroxyl radicals, this indicates that molecular ozone may destroy precursor sites more 
effectively than hydroxyl radicals. It may therefore be that the apparently contradictory 
observations above can be explained in terms of the stability of molecular ozone, with respect 
to radical formation, in the waters concerned. The addition of hydrogen peroxide, promoting 
the formation of hydroxyl radicals, has no appreciable effect on HAA formation potential over 
ozone on its own (Grasso et al. 1993). Preozonated waters were found to give lower HAA 
concentrations compared to pre-chlorinated waters (Sérodes et al. 2003). 

Preoxidation with chlorine dioxide caused a significant decrease in the formation of DCA (30-
40% reduced) and TCA (40-60% reduced) on subsequent chlorination (Ben Amor et al. 1988). 

Chloramination and other disinfection 

Chloramination results in the formation of chloroacetic acids, but typically at concentrations 
well below those formed by chlorination (Jacangelo et al. 1989, Lykins et al. 1991, Dixon and 
Lee 1991). Furthermore, the chloroacetic acids formed are predominantly MCA and DCA, 
rather than TCA (Singer et al. 1995b). The bulk of the DCA is formed by direct reaction of 
monochloramine with organic matter; a smaller proportion is formed by decomposition of 
monochloramine to form hypochlorous acid which reacts with organic matter (Hong et al. 
2007). Dichloramine does not produce HAAs (Hong et al. 2007). 

Lower DCA concentrations can be achieved by using alternatives to chlorine for disinfection. 
Plants using ozone followed by chloramine were found to produce lower DCA concentrations 
than those using free chlorine (Nissinen et al. 2002). 

TCA is reported to be formed by base catalysed hydrolysis of another disinfection by-product, 
trichloroacetonitrile (Croué and Reckhow 1989). 
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DCA and TCA are also reported to be formed by the titanium dioxide-mediated 
photodegradation of trichloroethene and tetrachloroethene (Glaze et al. 1993). This could be 
of significance if waters containing these solvents are remediated using UV-based treatment 
technology. 

TCA is used as a herbicide so could be present in waters as a result of this usage. However, 
levels present due to herbicide usage are likely to be considerably less than those produced 
through drinking water disinfection. 

Removal of HAAs during treatment 

Coagulation and sedimentation to remove TOC would be expected to reduce the formation of 
HAAs. Hartman et al. (1991) report that coagulation reduces the formation of the more highly 
chlorinated HAAs. However, Dixon and Lee (1991) reported that coagulation increased the 
formation of HAAs, and presumed that this was because the acid pH of coagulation favoured 
their formation. Coagulation reduced the HAA formation potential by 10 to 20% at three full-
scale plants (Uyak et al. 2008). Coagulation reduced the HAA formation potential by 54% 
when subsequent chlorination was carried out at a fixed pH of 8 (Gang et al. 2002). 
Coagulation reduced mono- and tri-haloacetic acid concentrations by over 70% whilst the 
reduction in dihaloacetic acid concentrations was only about 50% (Gang et al. 2005). 
Increasing the coagulant dose can give enhanced removal of organic precursors (Hartman et 
al. 1991); however, the pH needs to be adjusted before chlorination otherwise the lower pH 
associated with higher coagulant doses can lead to increased DCA concentrations (Dixon and 
Lee 1991, Selcuk et al. 2007). Some control of DCA concentrations can be achieved by 
increasing the pH at which chlorination is carried out but this may lead to increased formation 
of THMs (Singer et al. 1995a, Nikolaou et al. 1999). 

Lykins et al. (1991) demonstrated that granular activated carbon (GAC) adsorption produced 
continued removals of ≥ 80% for both DCA and TCA, after steady-state was reached (after 
about 150 days of operation). After an initial 5 days storage with a free chlorine residual, GAC 
steady-state was reached in about 250 days, after which average removals were 48, 73, 53, 
46 and 51% for non-disinfected, ozone, chlorine dioxide, chloramine and chlorine process 
streams respectively. Hartman et al. (1991) report 84-95% less haloacetic acids after GAC 
treatment. Dixon and Lee (1991) report that GAC treatment completely removes MCA, 
removes 69-77% of DCA but gives poor removal of TCA. It therefore appears that GAC 
treatment is effective at reducing MCA and DCA concentrations but TCA reduction appears to 
be dependent on an extraneous factor, e.g. the type of carbon. Furthermore, it appears that 
the pretreatment of the carbon with free chlorine may affect the carbons removal capability. 
However, removal of HAAs once formed is unlikely to be the preferred method of control. 

Distribution system 

Aquifer storage and recovery decreases the HAA formation potential of recharge water by 
50% after 3-6 weeks storage (Singer et al. 1993). 

Information on the effect of the distribution system on HAA concentrations is apparently 
contradictory. Hutchison et al. (1993) report that DCA and TCA concentrations decreased 
within two distribution systems sampled, but a uniform decrease was not always observed and 
the factors controlling the stability of DCA and TCA in the distribution system were not clear. 
Singer et al. (1995) and Dixon and Lee (1991) found that HAA concentrations increased in the 
distribution system. By contrast, Dixon and Lee (1991) found that concentrations of HAAs in 
chloraminated water decreased in distribution. In a survey of 53 Canadian treatment plants, 
there was no statistically significant difference between HAA concentrations ex-works and in 



Defra/DWI 
 

WRc Ref: Defra7831/14905-0 
August 2008 

33

the distribution system (Williams et al. 1997). In contrast, a more detailed survey of three 
Canadian treatment plants (LeBel et al. 1997) showed that DCA and TCA concentrations 
initially rose within distribution but subsequently fell with increasing residence time; similar 
results for total HAAs were reported by Golfinopoulos and Nilolaou (2005). The changes in 
concentrations of HAAs in distribution will be determined by a balance between: 

• continued formation due to the presence of a chlorine/chloramine residual; 

• HAA release due to the hydrolysis of chlorinated precursors; and 

• HAA destruction due to chemical or microbial degradation. 

Thus, it is likely that the apparent contradictions arise from differences in this balance between 
the waters studied. 
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6. ANALYSIS OF THE POTENTIAL COSTS TO INDUSTRY IN 
ENGLAND AND WALES OF ADOPTING THE US APPROACH 
TO THM REGULATION 

TTHMs 

The analysis of the TTHM data for England and Wales (Section 4) led to the conclusion that 
implementation of the US approach to THM regulation of an 80 µg/l standard together with a 
locational running annual average would be no more stringent than the present requirement of 
an absolute standard of 100 µg/l. In fact, analysis of TTHM levels in individual zones and in 
locationally similar sampling sites for the years 2004-2007, indicated that the number of 
exceedances would be less than those seen with the current regulations.  

The World Health Organization and other authoritative bodies have not, at present, endorsed 
the view of the EPA that an increase in bladder cancer cases is caused by THMs in drinking 
water and that reduction of the total THMs would cause a reduction in such cases. The US 
EPA did also note that the existing epidemiological studies have not conclusively established 
causality between DBP exposure and any health risk endpoint.  

It is concluded that adoption of the US approach to THMs would afford no increased 
protection to UK drinking water and it is unlikely that there would be an increase in 
exceedances. Therefore, there would be no potential extra costs to industry in England and 
Wales of adopting the US approach to THM regulation.  

HAAs  

At present, there is no standard for HAAs in the UK or the European Union. However, it is 
likely that this will be considered in the next review of standards in the European Union and it 
has been suggested that assessment of the five HAAs (as in the US standard), a larger suite 
of nine substances or just chloroacetic acid standards will be made. There are little data on 
HAA levels in the UK. Review of the paper by Mailliarou et al. (2005) suggests that 
implementation of the US standard value of 60 µg/l for five HAAs could have considerable 
implications for the UK water industry as the maximum levels in all three regions monitored 
were above this value and in one region, the mean value was above this standard. However, 
this study was conducted in 2003 and there is evidence that work has been carried out to 
lower these levels. 

Currently the same group at Imperial College is conducting a further study monitoring HAA 
levels in drinking water from a range of source waters and geographical regions and 
considering factors which may affect the formation of HAAs such as chlorine dose and 
reaction time, TOC, pH and temperature (see Section 5.2). Although the results of this study 
are unknown at this time, there are indications that the levels detected are much lower (Nigel 
Graham, Personal Communication). 

It is concluded that it is not possible, at this time, to make an assessment of the treatment cost 
implications that may arise from implementation of a HAA standard in the UK. However, some 
of the considerations and potential cost implications are summarised below.  

Control of THM formation during water treatment relies upon the reduction in levels of 
chlorination, particularly in relation to prechlorination practices, and removal of natural organic 
precursors by improved coagulation. These measures should also be effective for reducing 
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HAA formation in the majority of situations. Where this is not the case, ineffective control of 
HAAs might arise from: 

• conflict between the effects of pH on HAA and THM formation; THM formation increases 
with pH whereas HAA formation generally decreases. 

• removal of THM precursors not providing adequate removal of HAA precursors. 
 
Measures to deal with either of these could give benefits both in distribution and during 
treatment. 

Good practice for disinfection would use chlorine, at low pH, to provide greatest inactivation of 
pathogens. This would minimise THM formation, but might lead to excessive HAA formation. 
Raising the pH for chlorination to reduce HAA formation could require increased contact time 
to maintain effective disinfection. However, as longer contact time itself may lead to excessive 
HAA formation, the use of an alternative disinfectant such as UV could be preferable. Both of 
these would have operating and/or capital cost implications. There may also be operating cost 
implications for additional alkali to increase the disinfection pH.  

Chemical coagulation is targeted at removing THM precursors, which may be a different 
organic fraction to HAA precursors. It may be possible to improve HAA precursor removal at 
relatively low cost by changing coagulation conditions. However, if alternative organic removal 
processes are needed, such as granular activated carbon or MIEX, the additional costs would 
be substantial.  
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7. RECOMMENDATION OF AREAS FOR FURTHER RESEARCH 

• Development of the methodology for analysing HAAs 

As there is a standard for HAAs set in the USA, a method has been developed by the US 
EPA. There is also a German DIN standard method which is similar in approach. These 
methods are used in the UK for the studies outlined in this report and elsewhere 
internationally.  

Both the US and German methods are based on a solvent extraction followed by 
derivatisation and gas chromatography mass spectrometry analysis. This is a costly and time 
consuming protocol and questions have also been raised about its reliability. An alternative 
analytical approach would involve the direct analysis of the sample using ion chromatography 
tandem mass spectrometry. This potentially offers savings in both cost and time. 

• Further screening in the UK for HAAs 

It appears likely that local conditions have an influence on the potential formation of HAAs and 
so it might be appropriate to encourage water companies to carry out local monitoring of HAA 
levels in their drinking water in order to gain a dataset on HAA concentrations in a wide range 
of conditions and treatments. 
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APPENDIX A APPROACHES TO REGULATING THMS BY 
DIFFERENT COUNTRIES  
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Table A1 International THM Standards and Guideline Values 

Compound CAS RN Country/ Region Organisation Date Set Standard Value (µg/l) Comments 

Australia NHMRC 2004 - - - 
Canada HC 2007 MAC 16 - 

European Union EC 1998 - - - 
Germany FHM 2001 - - - 

Japan MHLW 2004 DWQS 30 - 
Netherlands VROM 2000 - - - 
New Zealand MH 2005 DWSNZ(MAV) 60 a 
South Africa DWAF 2005 - - - 

Sweden NFA 2001 - - - 
UK: England/Wales DWI 2000 - - - 
UK: Northern Ireland DWI 2007 - - - 

UK: Scotland DWR 2001 - - - 
MCL 80 b 

USA EPA 2006 MCLG 0 c Bromodichloromethane 
(BDCM) 75-27-4 World WHO 2006 GDWQ 60 a 

Australia NHMRC 2004 - - - 
Canada HC 2007 - - - 

European Union EC 1998 - - - 
Germany FHM 2001 - - - 

Japan MHLW 2004 DWQS 90 - 
Netherlands VROM 2000 - - - 
New Zealand MH 2005 DWSNZ(MAV) 100 - 
South Africa DWAF 2005 - - - 

Sweden NFA 2001 - - - 
UK: England/Wales DWI 2000 - - - 
UK: Northern Ireland DWI 2007 - - - 

UK: Scotland DWR 2001 - - - 
MCL 80 b 

Bromoform 75-25-2 

USA EPA 2006 MCLG 0 c 
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Compound CAS RN Country/ Region Organisation Date Set Standard Value (µg/l) Comments 

World WHO 2006 GDWQ 100  
Australia NHMRC 2004 - - - 
Canada HC 2007 - - - 

European Union EC 1998 - - - 
Germany FHM 2001 - - - 

Japan MHLW 2004 DWQS 60 - 
Netherlands VROM 2000 - - - 
New Zealand MH 2005 DWSNZ(MAV) 200 - 
South Africa DWAF 2005 - - - 

Sweden NFA 2001 - - - 
UK: England/Wales DWI 2000 - - - 
UK: Northern Ireland DWI 2007 - - - 

UK: Scotland DWR 2001 - - - 
MCL 80 b 

USA EPA 2006 MCLG 70 c Chloroform 
67-66-3 World WHO 2006 GDWQ 300  

Australia NHMRC 2004 - - - 
Canada HC 2007 - - - 

European Union EC 1998 - - - 
Germany FHM 2001 - - - 

Japan MHLW 2004 DWQS 100 - 
Netherlands VROM 2000 - - - 
New Zealand MH 2005 DWSNZ(MAV) 150 - 
South Africa DWAF 2005 - - - 

Sweden NFA 2001 - - - 
UK: England/Wales DWI 2000 - - - 
UK: Northern Ireland DWI 2007 - - - 

UK: Scotland DWR 2001 - - - 
MCL 80 b 

USA EPA 2006 MCLG 60 c Dibromochloromethane 
(DBCM) 124-48-1 World WHO 2006 GDWQ 100  

Total Trihalomethanes (THMs) 
- 

Australia NHMRC 2004 ADWG 250 d 
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Compound CAS RN Country/ Region Organisation Date Set Standard Value (µg/l) Comments 

Canada HC 2007 MAC 100 e 
European Union EC 1998 QWIHC 100 f 

Germany FHM 2001 DWO 50 g 
Japan MHLW 2004 DWQS 100 h 

Netherlands VROM 2006 MAC 25 i 
New Zealand MH 2005 DWSNZ(MAV) j  
South Africa DWAF 2005 GV <200 k 

Sweden NFA 2001 MAC 100 l 
UK: England/Wales DWI 2000 MAC 100 l 
UK: Northern Ireland DWI 2007 MAC 100 l 

UK: Scotland DWR 2001 MAC 100 l 
USA EPA 2006 MCL 80 b 
World WHO 2006 GDWQ j  

 

ADWG: Australian Drinking Water Guideline 
DWI: Drinking Water Inspectorate 
DWO: Drinking Water Ordinance 
DWQS: Drinking Water Quality Standards 
DWSNZ: Drinking Water Standards for New Zealand 
EC: European Commission 
EPA: Environmental Protection Agency 
EU: European Union 
GDWQ: Guidelines for Drinking Water Quality 
GV: Guideline value 
FHM: Federal Health Ministry 
HC: Health Canada 
MAC: Maximum Acceptable Concentration 
MAV: Maximum Acceptable Value 

MCL: Maximum Contaminant Level 
MCLG: Maximum Contaminant Level Goal 
MH: Ministry of Health 
MHLW: Ministry of Health, Labour and Welfare 
NFA: National Food Administration 
NHMRC: National Health & Medical Research Council 
QWIHC: Quality of Water Intended for Human Consumption 
UK: United Kingdom 
USA: United States of America 
VROM: Ministry of Housing, Spatial Planning and the Environment 
WHO: World Health Organisation 
WS(WQ)R: Water Supply (Water Quality) Regulations 
WS(WQ)R(NI): Water Supply (Water Quality) Regulations (Northern Ireland) 
WS(WQ)(S)R: Water Supply (Water Quality) (Scotland) Regulations 

 

a For substances that are considered to be carcinogenic, the guideline value is the concentration in drinking water associated with an upper bound excess lifetime 
cancer risk of 10-5 (one additional cancer per 100 000 of the population ingesting drinking water containing the substance at the guideline value for 70 years). 
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b Maximum Contaminant Level is the highest level of a contaminant that is allowed in drinking water and is enforceable. Note: Under the 1998 Final Rule for 
Disinfectants and Disinfection by-products, the total for trihalomethanes is 80 µg/l. 

c Maximum Contaminant Level Goal is a non-enforceable health goal.  

d Health-based value. 

e Expressed as a running annual average. The guideline is based on the risk associated with chloroform, the trihalomethane most often present and in greatest 
concentration in drinking water.  

f The specified compounds are: chloroform, bromoform, dibromochloromethane, bromodichloromethane. The value must be met, at the latest, 10 calendar years after 
the entry into force of this Directive. The parametric value for total THMs from five years after the entry into force of this Directive until 10 years after its entry into force 
is 150 µg/l. 

g Sum of the specified compounds chloroform, bromoform, dibromochloromethane, bromodichloromethane. Analysis in the supply network is not necessary if a value 
of 10 µg/l is not exceeded at the exit of the waterworks.  

h Specified compounds are: chloroform, bromoform, dibromochloromethane, bromodichloromethane. 

i Sum of chloroform, bromoform, dibromochloromethane, bromodichloromethane expressed as a 90th percentile, with a maximum concentration of 50 µg/l. Before 1st 
January 2006, a maximum concentration of 100 µg/l applied. The concentration of BDCM must not be higher than 15 µg/l 

j For chloroform, bromoform, dibromochloromethane, bromodichloromethane, the sum of the ratio of the concentration of each to its respective guideline value should 
not exceed 1. 

k Value acceptable for lifetime consumption, although a higher maximum allowable concentration of 200-300 µg/l is allowed for 10 year period. 

l The specified compounds are: chloroform, bromoform, dibromochloromethane, bromodichloromethane. The parametric value applies to the sum of the 
concentrations of the individual compounds detected and quantified in the monitoring process. 

 


