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Introduction 
 
1. The Committee considered the issue of chlorinated drinking water and 
adverse reproductive outcomes in 1998 and produced a statement which was 
published in 1999 1.  In May 2001 we were asked to consider the findings in a 
draft report of the first phase of a Government-funded epidemiological study5 
conducted in England by the Small Area Health Statistics Unit (SAHSU), 
along with additional relevant studies published since 1998 8 9 12 13 20.  Our 
conclusions were unchanged.  An updated Committee statement was drafted, 
for release on publication of the English study.  In response to peer-reviewers' 
comments, however, the study was not published but was reanalysed 
following remodelling of the exposure data, inclusion of additional years, and 
revision of the links between postcodes and the boundaries of water supply 
zones.  In April 2004, we were asked to consider the results of the reanalyses, 
together with the additional relevant studies and reviews published since 1998 
7-14 16-33.  The SAHSU study, incorporating additional results, has now been 
published15.  We were asked to restrict our evaluation to pregnancy 
outcomes.  We were also advised that a second phase of the SAHSU study, 
in progress and expected to report in 2005, would include data on congenital 
anomalies (which were not considered in the first phase).  We were informed 
that we would be asked to advise on the results of the second phase in due 
course, and that therefore it was appropriate to defer reassessment of the 
scientific literature on chlorinated drinking-water and congenital anomalies 
until then. 
 
1998 Evaluation 
 
2. In 1998, at the request of the Drinking Water Inspectorate, we were 
asked to consider the evidence linking the consumption of chlorinated 
tapwater and adverse reproductive outcomes.  We had not previously 
considered the health effects of chlorinated water or the by-products of 
chlorination.  However, the Committee on Carcinogenicity of Chemicals in 
Food, Consumer Products and the Environment (COC) had reviewed cancer 
epidemiology data in 1992.  At that time the COC concluded that the 1986 
opinion of CASW, the Department of Health Committee on the Medical 
Aspects of Air, Soil and Water, (that there was no sound reason to conclude 
that the consumption of by-products of chlorination in drinking water increased 



the risk of cancer in humans) was adequately founded and that more recent 
studies did not alter that conclusion 2.  COC also in 1999 reviewed additional 
relevant epidemiological studies of cancer published since the 1992 
evaluation, and issued a revised statement 3.  COC did not find "persuasive 
evidence of a consistent relationship between chlorinated drinking-water and 
cancer" but noted that "it remains possible that there may be an association" 
and therefore advised that "efforts to minimise exposure to chlorination by-
products remain appropriate, providing that they do not compromise the 
efficiency of disinfection of drinking-water". 
 
3. The 1998 request to us followed the publication of two prospective 
epidemiological studies conducted in three geographic regions of California, 
USA.  One study reported a weak to moderate association between high 
consumption of tapwater and the incidence of spontaneous abortion, albeit in 
only one of the three regions 4.  The second study, taking data from all three 
regions together, reported a weak to moderate association between high 
exposure to certain chlorination by-products in tapwater and spontaneous 
abortion 6. 
 
4. As most of the drinking water in the United Kingdom is chlorinated and 
similar levels of certain chlorination by-products could occur in UK tapwaters, 
we were asked to comment on the relevance of these data for public health in 
the UK.  
 
Consideration of the epidemiological and toxicological data  
 
5. In 1998 we considered available epidemiological information on the 
association of chlorination by-products in drinking water and a range of 
adverse reproductive outcomes.  Of the seventeen reviewed studies 
concerned with consumption of drinking water, eight had examined a potential 
association with chlorinated water or chlorination by-products in the tapwater. 
Of these, particular attention was focused upon the study from California 6, 
which the Committee considered to be particularly well-designed and well-
conducted.  
 
6. This study, taking data from all three regions together, reported a weak 
to moderate association (adjusted odds ratio 3.0, 95% confidence interval 1.4-
6.6) between high exposure to certain chlorination by-products in tapwater 
and spontaneous abortion.  Nevertheless, the study did not exclude 
unidentified biases and other confounding factors and the findings, along with 
information from earlier studies, did not provide persuasive evidence of a 
causal association between exposure to chlorination by-products in drinking 
water and adverse reproductive outcomes.  
 
7. Exposure to chlorination by-products could occur not only through 
drinking but also through showering, bathing and so forth, especially for the 
more volatile compounds; also these would tend to be removed by boiling.  In 
addition, the available reproductive toxicity studies with some of the individual 
chlorination by-products indicated that the levels of exposure to these 



substances in drinking water are about four orders of magnitude (ie 10,000 
times) lower than levels at which adverse effects may occur in animals.  
 
1998 Conclusions  
 
8. In 1998 we concluded as follows: 
 

- We consider that there is insufficient evidence to conclude that 
the presence of chlorination by-products in tapwater increases the risk 
of adverse reproductive outcomes. 
 
- We recommend, however, that the claimed associations 
between patterns of drinking-water intake and the incidence of adverse 
reproductive outcomes be investigated further, since any causal 
association would be of significant public health concern. 
 
- We therefore consider that efforts to minimise exposure to 
chlorination by-products by individuals and water authorities remain 
appropriate, providing that they do not compromise the efficiency of 
disinfection of drinking water. 

 
The SAHSU study (first phase) and 2004 evaluation 

 
9. Following our 1998 recommendation for further investigations, the 
Small Area Health Statistics Unit (SAHSU), in collaboration with, and 
supported by, UK water supply companies, undertook a major study using 
small area statistical methodology.  The first phase of the study utilised 
routinely collected trihalomethane (THM) measurements in drinking water (as 
an index of exposure to chlorination by-products) and available health 
statistics on stillbirths and birthweight, to examine the possible effects15. 
 
10. Modelled estimates of quarterly THM concentrations in water zones 
from 3 water companies in England (Northumbrian Water, Severn Trent Water 
and United Utilities [formerly North West Water]) were linked to about 1 million 
routine birthweight and stillbirth records based on location of maternal 
residence at the time of birth.  THM estimates corresponding to the final three 
months (93 days) of pregnancy were used.  Three total THM exposure 
categories were defined: low (below 30 μg/l), medium (30-60 μg/l) and high 
(above 60μg/l). 

 
11. The findings, for low birthweight (less than 2500g), very low birthweight 
(less than 1500g), mean birthweight and stillbirth, were different in the three 
water supply areas.  
 
12. In the North West (United Utilities), where there was increasing social 
deprivation as exposure increased, there was a graded, inverse association 
between level of exposure and mean birth weight, and a direct association 
with stillbirth rate and the prevalence of low and very low birthweight.  After 
adjustment for maternal age, deprivation, year of study (for birthweight data) 
and sex of baby (for low birthweight data), the risk of very low birthweight (in 



the high versus the low exposure categories) was elevated (adjusted odds 
ratio = 1.20, 95% confidence interval 1.07-1.34).  Similarly, the risk of low 
birthweight (in the high versus the low exposure categories) was elevated 
(adjusted odds ratio = 1.19, 95% confidence interval 1.14-1.24) as was the 
risk of stillbirth (adjusted odds ratio = 1.21, 95% confidence interval 1.03-
1.42).  In this area, but not in the other two areas, adjustment for deprivation 
reduced odds ratios by up to about one-half, suggesting the possibility of 
residual confounding. 
 
13. In contrast, in the Severn Trent  region, the risk of very low birthweight 
was decreased  in the high versus the low exposure categories (adjusted 
odds ratio = 0.90, 95% confidence interval 0.82-0.99).  There was no 
association between level of exposure and deprivation, stillbirth rate, or 
prevalence of low birthweight.  No statistically significant associations were 
found in the Northumbrian region, but the number of births included in the 
study was much smaller than in the other regions and the confidence intervals 
were therefore wide. 
 
14. In a random-effects model to obtain overall summary estimates, 
allowing for heterogeneity in THM exposure effects across the three regions, 
a statistically significant elevated risk was found in the high compared to low 
exposure areas for stillbirths (adjusted odds ratio 1.11, 95% confidence 
interval 1.00-1.23).  For low birthweight (adjusted odds ratio 1.09, 95% 
confidence interval 0.93-1.27) and very low birthweight (adjusted odds ratio 
1.05, 95% confidence interval 0.82-1.34), the risks were elevated but not 
statistically significant.  The authors concluded that their findings overall 
suggest a significant association of stillbirths with maternal residence in high 
total THM exposure areas.  Nonetheless, they could not exclude residual 
confounding by socio-economic deprivation.  They noted that adjusted excess 
risks in areas of high deprivation relative to areas of low deprivation were, on 
average, 15 to 20 times those found in areas of high relative to low total THM 
exposure.  Further work was recommended, to help differentiate between 
alternative (non-causal) explanations for the association with THMs and those 
that may be due to the water supply. 
 
Evaluation 

  
15. In the North West total THM exposure showed an inverse association 
with mean birth weight, a direct association with prevalence of low and very 
low birthweight, and a direct association with the prevalence of stillbirths.  
However, there was evidence of confounding by social deprivation, 
adjustment for which may not have been completely successful in this 
analysis.  In the Severn Trent region, in contrast, the prevalence of very low 
birthweight decreased with increasing total THM exposure, and there was no 
association for prevalence of low birthweight or stillbirth rate.  In the 
Northumbrian region, there was no evidence of associations between total 
THM levels and any of the pregnancy outcomes, but the number of births 
included in the study was relatively small.  
 



16. We note that the SAHSU study was confined to THM concentrations 
and that data on other chlorination by-products in water were not routinely 
available.  We note also that data on other sources of exposure to THMs, 
such as swimming pools, were not available. 
 
17. We have reviewed data from thirteen other epidemiological studies7-14 

16-20 which were reported after our evaluation in 1998, and which also 
investigated associations between chlorinated drinking water and pregnancy 
outcomes (other than congenital malformations, on which we have not yet 
reassessed the data).  The pregnancy outcomes considered were: low and 
very low birthweight, stillbirth, spontaneous abortion, perinatal death, infant 
death, Apgar score, infant’s head circumference at birth, infant’s body length, 
pre-term delivery, length of gestation, neonatal jaundice and neonatal 
hypothyroidism.  Results from these studies were inconsistent and 
inconclusive and we consider that further research is needed on this issue.  In 
particular, prospective studies with appropriate assessment of exposure, with 
a better assessment of confounding factors and allowance for seasonal 
variations in chlorination by-product concentrations, should be considered. 
 
18. We have also noted the findings in recent papers on exposure to and 
uptake of chlorination byproducts21-23, recent studies in laboratory animals24-

30, and recent reviews31-33. 
 
19. We conclude that the data which we have evaluated do not show a 
causal relationship between chlorinated drinking-water and adverse 
pregnancy outcomes.  This conclusion excludes congenital malformations, the 
data on which we have not yet reassessed. 
 
20. The Committee statement published in 1999 advised that “…efforts to 
minimise exposure to chlorination by-products by individuals…remain 
appropriate…”.  We were asked for clarification.  We recalled that bathing and 
showering may result in greater exposure to some volatile chlorination 
byproducts in drinking-water than the use of the water for drinking and 
cooking.  Other sources of exposure, such as chlorinated swimming-pools, 
may also be important.  Effective avoidance of chlorination byproducts could 
therefore require major changes in behaviour.  We agreed that the evidence 
does not justify any such changes, and that advice to pregnant women to 
minimise exposure to chlorination byproducts is not warranted.  We consider, 
however, that it remains prudent for water companies to minimise consumers’ 
exposure by restricting the concentrations of chlorination byproducts in 
tapwater, provided always that this is consistent with effective disinfection to 
protect public health. 
 
Overall conclusions  
 
21.  We conclude that the data which we have evaluated do not show a 
causal relationship between chlorinated drinking-water and pregnancy 
outcomes, namely: low and very low birthweight, stillbirth, spontaneous 
abortion, perinatal death, infant death, low Apgar score, infant’s head 
circumference at birth, infant’s body length, pre-term delivery, length of 



gestation, neonatal jaundice and neonatal hypothyroidism.  We have not yet 
reassessed the data on congenital malformations. 
 
22. We recommend, however, further research to reduce uncertainties in 
the interpretation of the reported associations between patterns of drinking-
water intake and the incidence of adverse reproductive outcomes.  In 
particular, we recommend prospective study designs which include more 
precise assessment of individual exposures, allowance for seasonal variations 
in chlorination byproduct concentrations, and more comprehensive analyses 
of the influence of other potential causative agents and confounding factors.  
 
23. We consider that, while research to determine the effects of chlorinated 
drinking water continues, efforts by water companies to minimise consumers’ 
exposure to chlorination by-products remain appropriate, providing that such 
measures do not compromise the efficiency of disinfection of drinking water. 
 
 
COT Statement 2004/08 
October 2004 
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