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Drinking Water Disinfection By-Products

and Pregnancy Outcome

A study was carried out by the
University of North Carolina to
further evaluate and refine the
previously observed connection
between pregnancy loss and high
levels of disinfection by-products
in drinking water. In contrast to
the previous study by a California
research organisation in 1998 this
study could show no increased
pregnancy loss from drinking
water with elevated levels of trihalo-
methanes (THMs). However there
may be some relationship between
the total organic halide (TOX)
concentration and pregnancy loss.

Study Aims

The use of chlorine as a final
disinfection stage in drinking water
treatment is widespread. However one
major drawback with this practice is the
possibility that disinfection by-products
(DBPs) will be formed by the interaction of
residual chlorine with organic material in
surface waters. The main compounds of
interest are the THMs and haloacetic

acids (HAAs). There has been concern
expressed about the health effects of
these compounds, initially over their
mutagenic, teratogenic or carcinogenic
properties. More recently the effects on
pregnancy have been studied, with
particular reference to foetal toxicity.

This study intends to carry on this
research by addressing the hypothesis
that exposure to DBPs causes pregnancy
loss. In this case pregnancy loss is
defined as spontaneous abortion on or
before 140 days gestation had occurred.

Site Selection

Three water utilities in the USA situated
in North Carolina, Tennessee and Texas
were chosen as study sites:

1) Has a relatively moderate level of DBPs
in final water with lower levels of bromide
and hence more chlorinated species.
Typical results for the study period
were in the range 30-150 ug/l THMs
and 15-79 ug/l HAAs.

Has a relatively low level of DBPs in
final water as a result of using mainly
water from deep wells with low organic
carbon concentrations. Typical results
for the study period were in the range
2-16 ug/l THMs and <2 ug/l HAAs.
Has a relatively moderate level of DBPs
in final waters with higher levels of
bromide and hence more brominated
species.

Typical results for the study period
were in the range 30-165 ug/l THMs
and 30-99 ug/l HAAs.

The sites with moderate DBP
concentrations were also chosen because
the utilities practise terminal disinfection by
chloramination.

This method gives rise to little further
DBP formation in the distribution system
resulting in less spatial variation in
concentration within the water supply
service area.
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[l Subject Recruitment

Women were recruited in each of the
areas that were either just pregnant
(<12 weeks) or planning to become
pregnant within the next six months from
the start of the study. From a total of 4066
applicants 3132 women were recruited with
ages between 18 and 45 years. Conditions
were applied such as residence in the area
served by city water, remaining in the same
area for the duration of the pregnancy and
not having undergone any assisted
reproductive technology to conceive.
Participants were asked to undergo an
ultrasound examination and complete two
telephone interviews to collect information
on water use and any possible influences
on pregnancy. These included questions
on current employment, health behaviours,
water exposure and social, household and
income information. 2413 women in total
completed the full duration of the survey.
The patient surveys were carried out
between December 2000 and April 2004
with water analysis figures obtained over
a slightly longer period. Site 1 ran tests for
the whole period while sites 2 & 3 were
modelled along the same lines for 2 years
from 2002-2004.

Water sampling and analysis

Water samples were taken each week
at a single point in each of the sites. Four
samples were taken at each event to allow
for duplicate analysis and duplicate matrix
spike analysis. Periodically samples were
taken throughout the whole area under
examination to confirm uniformity of the
water. Diurnal variations were also
characterized by a sampling survey carried
out with samples being taken at six hour
intervals for five days. All samples were
preserved as necessary and transported to
the University of North Carolina for analysis
of THMs, HAAs and TOX. Residual chlorine
and temperature were measured on site.

The THM and HAA samples were
analysed by liquid-liquid extraction followed
by derivatisation to methyl esters in the
case of the HAAs. The prepared extracts
were then injected into gas chromatographs
following modified EPA methods 551.1
(THM) and 552 (HAA). The calibration
standards were extracted and analysed

along with the samples, using the same
conditions and reagents. Two or three
calibration points were extracted in triplicate
to give a sample to act as an analytical
quality check during analysis.

TOX was analysed by an adsorption
module followed by micro-coulometric
detection. Acidified samples were passed
through two granular activated carbon
columns; the carbon was combusted
at 850°C to volatilise organic halogens,
which were analysed by micro-coulometric
detection. A check standard or duplicate
sample was analysed with each batch to
evaluate system performance.

Blood sampling and analysis

Blood samples were also taken from a
number (179) of participants to determine
THM concentration at least 30 days
postpartum (after childbirth). Water samples
for THM analysis were taken from their
property at the same time. Participants
were asked to refrain from all water use for
several hours before samples were taken.
These samples were analysed using a solid
phase extraction gas chromatography/
isotope dilution technique using stable
isotopically labelled analogues of the
compounds of interest. The results were
much as expected. Sites (1)&(3) showed
higher levels than site (2) and site (3)
showed elevated levels of brominated
species. Site (2) showed levels in summer
comparable to site (1) in winter.

Results Findings

The study found that, in general,
drinking water containing elevated levels of
trihalomethanes did not give rise to increased
pregnancy loss. In this study, as in the
California one, there were weak associations
found for bromodichloro-methane, dibromo-
chloromethane and for total organic halides
giving rise to loss of pregnancy. Higher levels
of DBP exposure did not lead to either pre
term birth or reduced foetal growth with the
exception of total THM levels of >80 pg/I
where babies were small for gestational
age. This is the maximum THM
concentration allowed in drinking water
under US policy. Conversely a reduction
is seen in the occurrence of pre term birth
where total THM is highest.

A note is made of the uncertainty of

results which have been self reported
regarding water ingestion, filtering and length
of exposure whilst bathing or showering.

Future plans for the data collected will
examine whether the women in the study
were demographically biased. Other
endpoints will be analysed; preterm birth,
birth weight and time to conception are
examples. A suggestion that bath/shower
THM absorption may be more strongly
associated with pregnancy loss could give
rise to studies of exposure time, temperature
of water, droplet size and volatility.

Comparisons are made between this
study and previous work on the effects of
THM on pre term birth and overall there
appears to be little evidence to support this
although there is some evidence that
exposure to THM can cause babies to be
of small birth weight.

After statistical analysis there was no
apparent correlation between THM levels
in blood and drinking water in this study.

A similar UK study into the relation
between THM concentration and stillbirth
and birth weight (P. Elliot et al 2004)* was
carried out in three water utilities’ areas in
the north and midlands of England. The
results showed a an increasing prevalence
of low and very low birth weights from low —
to medium - to high exposure rates in one
region but not in the other two regions.
Other explanations may be the different
levels of socioeconomic deprivation and
smoking in the same regions. This study
also showed an increasing occurrence of
stillbirth with increased exposure to THMs.
Reference is made to the fact that other
DBPs, e.g. HAAs and haloacetonitriles were
not measured in the study and that this
data is not routinely required under current
legislation.

Further information about disinfection
by products in UK drinking water may be
found on the Drinking Water Inspectorate
website at www.dwi.gov.uk
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Framework for Water Quality

Over the last decade the international
drinking water community has been
closely involved with the development and
implementation of a proactive, risk based
management framework for assuring
drinking water quality. The concept of risk
based management systems is not new
and its implementation in the water industry
has roots in processes adopted in the
engineering and food sectors such as
Failure Mode and Effect Analysis and
HACCP (Hazard Analysis Critical Control
Point). Adapting these systems for water
supplies and their subsequent codification
was undertaken within the context of the
revision of the World Health Organization
Guidelines for Drinking Water Quality
(GDWQ). The Third Edition of the Guidelines,
published in 2004, introduced the approach
of a risk-based framework, terming it Water
Safety Plans (WSPs)™.

Water Safety Plans
The objectives of a Water Safety Plan
(WSP) are to ensure safe drinking water
through good water supply practice, namely:
« to prevent contamination of source
waters;
to treat the water to reduce or remove
contamination that could be present to
the extent necessary to meet water
quality targets (PCV);
to prevent re-contamination during
storage and distribution to the
consumer, and
to prevent re-contamination during
handling and storage of drinking water
within buildings (WHO 2005)?
Essentially a WSP comprises three
components, responsibility for which rest
with the water supplier. These are
i) a system assessment, ii) timely and
effective operational monitoring and
i) management. Within these broad activities

Steps in producing a Water Safety Plan (WHO 2004)

System
assessment

> Monitoring

> Management

L http://www.who.int/water_sanitation_health/dwg/en/gdwq3_4.pdf
2 http://www.who.int/water_sanitation_health/dwqg/wsp0506/en/index.html




there are a number of individual steps that
are undertaken in sequence. This process
will be familiar to those involved in the
development and management of HACCP
plans in the food sector.

System assessment

The purpose of the system assessment
is to describe the entire drinking water supply
chain from the catchment (sometimes
referred to as the watershed, or in the
case of a groundwater, the aquifer),
through treatment and finally distribution
to the consumer. The objective is to
determine whether the system is capable
of delivering drinking water that meets the
specified water quality targets. Insofar as
UK water companies are concerned,
these targets are the regulatory standards
derived from the European Directive
concerning drinking water quality.

Operational monitoring

Health risks identified during the
system assessment must be subject to
controls that prevent, reduce or remove
contamination to the extent necessary to
meet water quality targets. Examples of
controls include prohibiting the storage or
use of hazardous chemicals on catchments,
efficient coagulation/filtration to remove
Cryptosporidium, and maintaining
hydrostatic pressure in the distribution
system. Operational monitoring for each
identified control measure is defined such
that any deviation from acceptable
performance (of the control) is identified
in a timely manner.

Management

Management plans and procedures
that describe clearly actions to be adopted
during normal and abnormal (incident)
conditions. These will be supplemented
by action plans to improve the water
supply system and a communications
strategy for appropriate stakeholders.

Putting WSPs into Practice

Water companies, and United Utilities
is no exception, have in place well
developed procedures and plans that
describe how the various elements of the
drinking water supply should be operated
and maintained. These may be
incorporated in a quality management

system such as ISO 9001:2000. Many of
the elements of a Water Safety Plan are
already in place therefore. The challenge
facing water suppliers is how best to
integrate these existing building blocks
into WSPs that by virtue of their concept
are holistic in nature i.e. catchment to
consumer. UK Water Industry Research
(UKWIR) has commissioned research that
has addressed the issues of how the
Water Safety Plan approach can be
adopted and in so doing developed a tool
box that can be used by water utilities
when preparing their own WSPs.
The toolbox recognises four modules that
deal with:

« the catchment

* treatment

« distribution

= within buildings

In addition to thinking about the

water supply chain in an holistic manner,
development of Water Safety Plans
necessitates hazard assessment and
risk characterisation be carried out at a
system level, rather than being confined
to one of the four boxes listed above.
For example risks posed by enteric
viruses would historically have been
considered within the context of the water
treatment processes necessary to ensure
essentially virus-free water. Taking a more
inclusive view within the WSP framework
leads one to assess the sources of faecal
contamination within the catchment and
the potential for mitigation. Similarly,
contamination (with viruses) can arise
during distribution from backflow or poor
hygiene precautions when undertaking
mains repairs. Appropriate controls must
be implemented to cover these identified
risks.






