
Executive Summary 
Disinfection by-products (DBPs) are formed by the reaction of chemical disinfectants with 
naturally occurring organic matter and bromide in source waters. These DBPs are regulated 
and measured at consumer taps. It is necessary to maintain a disinfectant residual in order that 
the efficacy of the disinfection is not compromised. Typically chemical disinfectants are added to 
treated drinking water at the treatment works and this is sufficient to maintain a residual up to 
the consumers’ taps. However, where the distribution system is lengthy, it may be necessary to 
add or boost the disinfectant concentration in the network to maintain a residual throughout. 
The aim of this project was to understand more about the formation of DBPs, specifically 
trihalomethanes (THMs) and haloacetic acids (HAAs) in drinking water across England and 
Wales where the water is subject to booster chlorination.  
 
This report presents the literature review, data analysis for potential sites, site selection, 
sampling, analysis and findings of the work carried out. The deliverables are detailed below: 
 
1. Completion of the literature review and summary 
2. Liaison with all water companies and selection of study sites 
3. Sampling, analysis and investigations 
4. Completion of the final report including any suggestions or recommendations  

 
The literature review gave the following conclusions: 

• THM concentration increases when more chlorine is added during booster chlorination 
• The rate of chlorine decay and corresponding THM formation can be modelled using a 

second order decay model 
• The concentration of free chlorine residual present in the water is not related to the level 

of THMs formed when free chlorine levels are less than 1 mg/L 
• HAA concentration can increase or decrease or stay the same after booster chlorination 
• HAA behaviour depends on the concentration of free chlorine residual in the water 
• HAAs can be degraded if the chlorine residual is low and the correct type of bacteria are 

present in the water 
 
It was recommended that the sites selected to study would encompass a range of chlorine 
concentrations and colony counts to determine the impact on HAA behaviour. 
 
Twenty-six water companies in England and Wales were contacted and a good response was 
received from the majority of water companies. Ten companies were selected where booster 
chlorination was carried out and it was practical to collect samples. Samples were collected 
monthly over a period of one year. The location of the sampling points were before booster 
chlorination, after booster chlorination and downstream of booster chlorination. The samples 
were analysed for THMs and HAAs as well as residual chlorine, temperature and pH. Additional 
samples were collected at the exit of the treatment works to determine the total organic carbon 
(TOC) content, ultraviolet absorbance at 254 nm (UV) and bromide concentration. The results 
were investigated to determine the impact of booster chlorination on DBPs. 
 
When free chlorine concentrations were low (≤ 0.3 mg/L), levels of THMs and HAAs were stable 
or slightly increased after booster chlorination by up to 10.42% and <10% respectively when 
comparing the means. The increase was not statistically significant at the 95% level. At these 
low chlorine concentrations there is also evidence of degradation with a shift to TXAAs and an 
increase in BIF caused by a reduction in DXAA, particularly those that are chlorinated. The 
chlorinated DXAAs have been shown to be the easiest to biodegrade. The levels of THMs and 
HAAs were often stable due to the low free chlorine residual concentrations.  
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At medium chlorine concentrations (0.3 – 0.7 mg/L), the increase in THMs and HAAs is greater 
(16.68% and 12.72% respectively) and this increase is significant for THMs (t = 2.251, p = 
0.0258) but not for HAAs at the 95% confidence level. At high chlorine concentrations (>0.7 
mg/L) the difference in THMs (increase of 13.42%) and HAAs (<10% change) was not 
significant at the 95% confidence level.  
When considering all of the data collected over the time period, the increase in THMs after 
booster chlorination was statistically significant at the 95% confidence level when comparing the 
means. The increase was small (just over 10%). The change in HAAs after booster chlorination 
was not significant at the 95% confidence level. 
 
Although there was no significant difference in overall HAA concentrations, it is possible to 
determine whether there is evidence for bacterial degradation by looking at the speciation of the 
HAAs and their incorporation of bromine. An increase in the TXAA:DXAA ratio and an increase 
in the HAA BIF coupled with no increase in the HAA concentration overall can indicate 
biological or bacterial degradation of HAAs, particularly the dihalogenated HAAs. Here there 
was no evidence of bacterial degradation at 10 out of the 16 sites. Where there was evidence of 
bacterial degradation, it was not consistent over the period sampled. 
 
In agreement with previous researchers it can be concluded that the degradation of HAAs 
following booster chlorination is a site-specific occurrence, depending on residual chlorine 
concentrations at various locations in the system and temperature, both of which affect the 
colonisation of HAA degrading bacteria. Degradation of HAAs was observed in a number of 
locations whereas THM degradation did not occur to any significant degree 
 
The reduction in HAA concentrations observed here might have gone unnoticed in typical 
sampling programs currently used by water utilities. The discovery of notable phenomena such 
as HAA degradation leading to spatial and temporal variations in HAA concentrations can be 
attributed to the comprehensive sampling carried out over a period of time on a month-by-month 
basis. Such a sampling programme would be required to determine distribution systems where 
degradation of HAAs may occur and this should not be restricted to locations where booster 
chlorination is carried out. Should HAAs be regulated in the EU and the UK in the future, this 
further degree of understanding may be useful. 
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