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 الدروس املستفادة من زلزال:اإلمداد باملياه املأمونة أثناء الطوارئ واحلاجة الستـراتيجية خروج الستبقاء املكاسب الصحية
 يف باكستان2005 عام
 ظهري قارديزي، برجيس مظهر قايض، خليف ب ّله حممود،حممد ماقان

/ َّقيمت الدراسة جودة اإلمداد بمياه الرشب باكتـريولوجي ًا يف مخسة مراكز كربى ترضرت من الزلزال الذي وقع يف باكستان يف شهر ترشين األول:اخلالصـة
 عينة عشوائية من املناطق1850  فقد مجع الباحثون. وبعد الطوارئ، وأثناء االستجابة للطوارئ، بداية حالة الطوارئ:؛ وذلك عىل ثالث مراحل2005 أكتوبر عام
 يف املرحلة الثانية%28  من العينات يف املرحلة األوىل ويف%100  وكشفوا العصيات القولونية الربازية يف،اخلاضعة للدراسة خالل كل مرحلة من مراحل الدراسة
 ويف. يف املرحلة الثالثة%77  ويف، يف املرحلة الثانية%22  من العينات يف املرحلة األوىل ويف%81  أما يف مانزهرا فوجدوها يف، يف املرحلة الثالثة يف باتاغرام%91 ويف
 من العينات يف%100  ويف باغ وجدت يف، يف املرحلة الثالثة%92  ويف، يف املرحلة الثانية%27  ويف، من العينات يف املرحلة األوىل%100 راوالكوت وجدت يف
 يف% 5  ويف، يف املرحلة الثانية%14  ويف، يف املرحلة األوىل%30  ويف مظفرآباد وجدت يف، يف املرحلة الثالثة%65  ويف، يف املرحلة الثانية%23  ويف،املرحلة األوىل
 وهكذا اتضح أن التلوث بالرباز كان معدله مرتفع ًا يف مراحل بداية الطوارئ ويف املراحل التالية للطوارئ يف أربعة مدن من بني املدن اخلمس التي.املرحلة الثالثة
 ويعتمد تنظيم التدخالت لالستجابة للطوارئ يف الوقت املالئم عىل مستوى التأهب لدى القائمني عىل إيتاء خدمات املياه املأمونة وعىل ما.أخضعت للدراسة
. وال يمكن ضامن استمرار جودة املياه باكتـريولوجي ًا أثناء الطوارئ ما مل تستكمل باستـراتيجية مالئمة للخروج من األزمة.يتمتعون به من قدرات مؤسسية

ABSTRACT The bacteriological quality of drinking-water supply of five major urban centres affected by the October
2005 earthquake in Pakistan were assessed in three phases: onset of emergency, during emergency response and
post-emergency. A total of 1850 samples were randomly collected from the study area during each phase, and
faecal coliforms were detected in 100%, 28% and 91% in Battagram, 81%, 22% and 77% in Mansehra, 100%, 27%
and 92% in Rawalakot, 100%, 23% and 65% in Bagh and in 30%, 14% and 5% in Muzaffarabad respectively. Faecal
contamination was high during the onset of emergency and post-emergency phases in four out of the five surveyed
towns. The organization of a timely emergency response intervention depends on the level of preparedness of
local water-supply service providers as well as on their institutional capacities. Bacteriological water-quality
improvements in emergencies may not be sustained unless complemented by a proper exit strategy.

Approvisionnement en eau saine lors des situations d’urgence et nécessité d’une stratégie de sortie pour
conserver les gains de santé : enseignements du tremblement de terre survenu en 2005 au Pakistan

RÉSUMÉ La qualité bactériologique de l’approvisionnement en eau de boisson dans cinq grands centres urbains
touchés par le tremblement de terre d’octobre 2005 au Pakistan, a été évaluée au cours de trois phases : apparition
de la situation d’urgence, riposte à la situation d’urgence et phase post-urgence. Au total, 1850 échantillons ont
été prélevés au hasard dans la zone d’étude au cours de chaque phase. Le pourcentage d’échantillons de chaque
phase contenant des coliformes fécaux s’établissait comme suit : 100 %, 28 % and 91 % à Battagram, 81 %, 22 %
et 77 % à Mansehra, 100 %, 27 % et 92 % à Rawalakot, 100 %, 23 % et 65 % à Bagh, et enfin 30 %, 14 % et 5 % à
Muzaffarabad. On a constaté une contamination fécale élevée au cours des phases d’apparition de la situation
d’urgence et post-urgence dans quatre des cinq villes étudiées. L’organisation d’une intervention de riposte
opportune à la situation d’urgence dépend du niveau de préparation des fournisseurs locaux en eau et de leurs
capacités institutionnelles. L’amélioration de la qualité bactériologique de l’eau lors des situations d’urgence peut
être compromise si elle n’est pas complétée par une stratégie de sortie adaptée.
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Introduction
The associations between water, sanitation and health are well known, but these
associations achieve greater importance
following a natural or man-made disaster, when waterborne disease outbreaks may spread easily. Under such
situations, adequate water supply and
sanitation are essential for the health
and well-being of affected communities.
Diarrhoeal diseases are a major cause of
morbidity and mortality among populations affected by emergencies, mostly,
caused by unsafe drinking-water [1].
Consumption of water contaminated by
faecal matter is one of the major causes
of death in emergencies: for example,
after the influx of 800 000 Rwandan
refugees into the Democratic Republic
of the Congo in 1994, 85% of the 50 000
deaths recorded in the first month were
caused by diarrhoeal diseases resulting
mainly from bacteriologically contaminated water [2]. A compelling reason to
promote improvement of bacteriological quality of water is the ability of this
health-related intervention to reduce
the infectious disease burden of the user
population [3]. Microbial contaminants
of drinking-water are of a higher priority
than chemical contaminants, because
their adverse health effects are usually
immediate and more prevalent [4].
The 2005 earthquake in Pakistan
affected a large population, a significant proportion of whom were living
without access to safe water and proper
sanitation even prior to the disaster.
This situation was compounded by the
devastating earthquake where 3880 water-supply schemes were damaged and
needed rehabilitation and reconstruction [5]. The five densely populated
urban centres of Rawalakot, Bagh, Muzaffarabad, Manshera and Battagram,
which also hosted a large number of
internally displaced persons in the aftermath of the earthquake, faced high risk
of infectious disease outbreaks, which
prompted the establishment of bacteriological water-quality monitoring
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and disease surveillance hubs in these
affected towns. In each of these towns,
the drinking-water supply was obtained
from surface water sources or shallow
springs that were easily contaminated
by the disposal of untreated municipal
wastewaters and drainage effluent from
agricultural areas [6,7]. Earlier reports
showed that surface water was faecally
contaminated and required elaborate
treatment for human consumption [8].
To improve bacteriological water quality, various types of water treatment
system had been installed, but with the
exception of those in Muzaffarabad
town, they never worked properly due
to poor management and lack of maintenance funds.
Prior studies have shown also that
even fully protected sources and well
managed systems do not guarantee that
safe water is delivered to households
as water collected from safe sources is
likely to become contaminated during
transportation and storage [9].
The aim of this study is to evaluate
the bacteriological quality of drinkingwater supply during emergency and
post-emergency periods, assess its effects on the frequency of acute diarrhoea and advocate the formulation of
proper exit strategies that sustainably
improve the drinking-water’s bacteriological quality.

Methods
The study was conducted in five major
urban centres of areas of Pakistan affected by the October 2005 earthquake
from October 2005 till January 2010.
Bacteriological water-quality data were
collected in three phases: in the immediate aftermath of the disaster, from 10
October to 30 November 2005, when
treatment systems were not fully in
operation (phase 1); during emergency
relief operations, 1 December 2005 to
30 May 2006, when the national and
international emergency response was
in full swing (phase 2); and during the

post-emergency period, 1 June 2006
to 30 January 2010, when emergency
support interventions were phased out
(phase 3).
Bacteriological water-quality data
collected in the three phases were
compiled and analysed, while observations were made of the capacity of
local authorities to sustain the attained
improvements after scaling down the
humanitarian support. Municipalities
and water authorities where support was
provided during the emergency period
were revisited during the study in order
to determine the level of safe water-supply services after the departure of the aid
agencies and local emergency response
teams. To get representative samples for
the water-supply chain as a whole, water
samples were obtained from the exit
of the treatment plants, water storage
tanks, various randomly selected water
distribution lines, household water containers and from places most vulnerable
to contamination. Water sampling was
performed daily during the early stages
of the emergency, but reduced later to
weekly and monthly sampling depending on population size and overall risk
of water contamination.
First the survey team conducted
desk analysis for identification of water
sources, water treatment plants, locations of storage tanks and layout of the
distribution networks. To examine the
bacteriological quality of drinking-water, survey teams measured water pH,
turbidity, residual chlorine and faecal
coliform levels during the survey period.
The detection of faecal coliforms in 100
ml of water sample was taken as an indicator of bacteriological contamination
of drinking-water supplies.
The sample size, collection, preservations and analysis were conducted
according to the standard methods
for bacteriological water-quality testing [10], and proper procedures and
precautionary measures were followed
while collecting samples from the field.
During sample collection, sanitary surveys were conducted on the sample
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collection sites’ general cleanliness and
possible sources of contamination.
Water samples for microbiological
contamination were collected in clean,
sterile plastic bottles (200 ml) and 1000
ml sterilized glass bottles; and care was
taken to ensure that no accidental contamination occurred during sampling.
Aseptic techniques were followed when
handling the sterile sample bottles used
for microbiological sample collection.
The water samples for bacteriological
quality were analysed for faecal coliform
contamination only. Training was conducted for local drinking-water service
providers on methods of conducting
sanitary surveys, water sampling and
physical and microbiological testing of
water samples.
During the first seven months of
the emergency period bacteriological
water-quality testing was carried out
using the H2S test kit, which has a high
level of specificity and an acceptable
level of enhanced sensitivity [9]. The
Oxfam DelAgua water testing kit applying the membrane filtration method for
detecting faecal coliforms was used during the remaining period of the study.
For H2S water testing, sample bottles were first sterilized with 6% bleach
solution and then rinsed several times
with the sample water before collecting
the sample. A medium was then added,
and the sample incubated at 25–35 °C
for 24 hours. If no black precipitate (a
sign of test positivity) became apparent after 24 hours, it was incubated for
another 24 hours. If the sample still
remained clear yellow, a negative test
result was recorded. Portable kits were
used also for testing water pH, turbidity
and residual chlorine levels.
During the post-emergency phase
(June 2006 to January 2010) the membrane filtration method was applied to
estimate microbial quality of drinkingwater by using the Oxfam DelAgua
water testing kit for detection of faecal
coliforms [11]. A measured volume
of water was filtered, under vacuum,
through a cellulose acetate membrane
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of uniform pore diameter, 0.45 μm.
Bacteria if present are retained on the
surface of the membrane, which is
placed on a suitable selective medium
in a sterile container and incubated at
an appropriate temperature. If faecal or
other coliforms are present in the water
sample, characteristic colonies form
that are counted directly. For treated
water, 10 mg of sodium thiosulfate per
100ml of chlorinated water was added
to neutralize chlorine in the sample before undertaking microbial testing.
The reported incidence data of acute
diarrhoea, compiled for over a period
of four years were obtained from the
disease early warning system (a communicable disease surveillance system
designed to detect epidemics and guide
timely response strategies) and analysed
using EPI-Info software .

Results
This study was conducted in five major
urban centres (Muzaffarabad, Bagh,
Rawalakot, Mansehra and Battagram)
affected by the 2005 earthquake, and
water microbial quality was surveyed
in three phases: in the immediate aftermath of the disaster; during emergency
relief operations; and during the postemergency period.
During phase 1 some baseline data
on the quality of the existing watersupply systems were obtained by the
environmental health teams who were
assisted by the World Health Organization (WHO). The same bacteriological
water-quality parameters were tested
during phase 2 and phase 3 of the study
to determine any significant variation of
the bacteriological quality of the drinking-water supplies. All surveyed towns
received most of their drinking-water
supplies from surface water sources that
were susceptible to contamination, except Bagh, which received water from a
spring source.
Results of the study revealed the
poor microbial quality of most available

water supplies during phase 1 and phase
3 of the study (Table 1). It also demonstrated how microbial quality of water
deteriorated in between the source and
consumer end. Phase 1 of the study
detected faecal coliforms in 100% of the
water samples obtained from various
water sampling sites in Bagh, Rawalakot and Battagram (Table 1). With
the exception of Muzaffarabad, water
treatment plants in most of these urban
centres had never functioned properly
due to years of neglect and shortage of
operational funds.
During phase 2 of the study, an
extensive national and international
response was mobilized, and effective
measures taken to ensure the safety of
drinking-water supplies by the government- and UNICEF-led Water, Sanitation and Hygiene (WASH) cluster.
Dysfunctional water treatment systems
in Battagram, Mansehra, Rawalakot and
Bagh were immediately rehabilitated,
and proper water treatment/disinfection systems introduced. This resulted
in a tremendous improvement in the
microbial quality of the drinking-water,
where faecal coliforms were detected
in only 23% of samples in Bagh, 27%
in Rawalakot and 28% in Battagram
(Table 1).
After May 2006, during phase 3 of
the study, when the humanitarian situation of the affected areas was stabilized,
most international and national aid
agencies scaled down their operations
in the field and consequently the support for bacteriological water-quality
improvements dwindled substantially.
Water treatment systems of four out
of the five surveyed towns could not
be maintained by the local authorities
due to lack of sufficient funds. It was
frequently observed that most water
treatment plants lacked sufficient water
treatment chemicals (alum and chlorine).
It was also observed that water microbial quality deteriorated in between
the source and the consumer due to
intermittent supply, cross-connections
S93
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with sewerage systems and unhygienic
handling of water at household level.
Sanitary surveys conducted in the urban
centres revealed that many sections of
drinking-water distribution pipes were
installed inside open wastewater channels that were full of stagnant wastewater (Figure 1). Results showed that
although Muzaffarabad drinking-water
supply was safe at the exit point of the
treatment plant, faecal contamination
was detected during all phases of the
study at the household level, with the
presence of faecal coliforms in 60%,
25% and 9% of water samples respectively (Table 1).
Phase 1 results revealed also that
residual chlorine was detected in only
one of the five surveyed towns’ watersupply systems (Table 2); 60% of Muzaffarabad water samples were found
to have residual chlorine levels matching WHO guide range of values [12].
Water turbidity occasionally exceeded
WHO guide values during the rainy
season; however all water samples were

Figure 1 Typical practice of installing
drinking-water delivery pipes inside
open waste and storm water channels
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found to be within WHO pH guide
values (6.5–8.5).
Figure 2 illustrates a four-year
monthly trend of acute diarrhoea of the
five major towns affected by the 2005
earthquake. The frequency of acute
diarrhoea during the monsoon period
was significantly lower in Muzaffarabad
relative to the other four towns with an
odds ratio ranging from 2.81 to 12.72
and with 95% confidence interval of
2.74 to 13.03.
The dissemination of the results was
usually shared with various stakeholders
through Water, Sanitation and Hygiene
(WASH) cluster meetings in order to
adopt preventive measures and create
awareness amongst the population and
local authorities.
After the emergency phase and the
scaling down of the aid agencies’ support, the water and sanitation section
of Pakistan’s Earthquake Rehabilitation
and Reconstruction Authority (ERRA)
and WHO put their emphasis on building capacity of local service providers
through structured multilevel training
activities in order to raise awareness
among all stakeholders on the interlinkages between safe water and health. To
make capacity-building interventions
more practical, basic bacteriological
water-quality testing equipment was
provided to various local water authorities.
To strengthen routine bacteriological water-quality monitoring, WHO
supported the establishment of nine
bacteriological water-quality testing
laboratories in nine districts of the affected areas, where in addition 18
water-laboratory technicians received
bacteriological water-quality testing and
monitoring refresher training courses.
ERRA’s water and sanitation section
and WHO held several workshops and
meetings with provincial authorities
where the results and conclusions of
the WHO-supported bacteriological
water-quality survey were presented to
all stakeholders.

ERRA’s water and sanitation section, UNICEF and water-supply service
providers jointly launched a comprehensive bacteriological water-quality
improvement and promotion of hygiene
project in February 2009. Under this
project, sanitary inspection surveys of
over 3500 water-supply schemes will be
carried out.

Discussion
At the onset of an emergency, a major strategic objective is to protect the
health and well-being of the affected
population by focusing primarily on the
provision of essential health services,
safe drinking-water, food and shelter
[1]. WHO assigned high priority to
the provision of safe water and proper
sanitation as an integral component
of the health response, complementing disease surveillance and epidemic
control interventions.
Phase 1 bacteriological water-quality surveys revealed the poor microbial
quality of most available drinking-water
supplies mainly due to lack of preparedness, corroborated by prior studies
carried out by the Pakistan Council of
Research on Water Resources [13]. It
is worth emphasizing that preparedness
is essential for dealing with emergency
safe drinking-water supply, especially
the predeployment and stockpiling
of sufficient quantities of water treatment chemicals and storage containers.
Emergency preparedness and response
programmes can be used as an essential
link between emergency relief, rehabilitation/reconstruction and development
requiring institutional capacity-building
and awareness promotion at the community level to reduce vulnerability and
the risks of waterborne diseases [14].
Surface water represented the most
accessible supply of water to the affected
communities, but these sources were
easily contaminated by pathogenic organisms and could not be considered
safe without treatment [15,16]. The
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costs and sustainability issues associated with surface water treatment,
particularly routine maintenance of
water treatment plants, need to be
carefully considered before surface
water sources can be exploited [17].
A remarkable improvement of
water safety was attained during phase
2 of the study, when the concern over
a second wave of deaths from communicable diseases resulted in massive local and international support
to ensure the provision of safe water
supplies to all affected communities.
These efforts led to a considerable
improvement in the microbial quality
of water, with residual chlorine levels
measured in most drinking-water supply systems matching WHO guide
values . However, the Battagram surface water treatment system always
faced difficulties, due to its incomplete
water treatment infrastructure.
The contribution of safe water
supply and proper sanitation to
health must always be recognized as
a priority area during emergencies
and post-emergency reconstruction
and development phases for which
the necessary resources are to be mobilized.
During phase 3 of the study,
when most international and national
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humanitarian support agencies scaled
down their operations in the field,
the support for bacteriological waterquality improvements to various
affected districts dwindled substantially. Results indicated the dramatic
decline of the bacteriological quality
of most available drinking-water supplies in four out of the five towns surveyed.
Results in all three phases of the
study revealed also that water microbial quality deteriorated in between
the source and the consumer end,
reaffirming earlier findings that even
fully protected sources and well managed systems do not guarantee that
safe water is delivered to households
[2]. Safe sources are important, but
it is only with improved hygiene, better water storage and handling and
improved sanitation that the quality
of water consumed by people can be
assured. Extending bacteriological
water-quality protection from the
sources to point of use is increasingly becoming a common strategy in
water-safety programmes worldwide
[2].
The relationship between the
frequency of diarrhoea diseases and
the bacteriological quality of drinking-water was substantiated by the
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Figure 2 Average monthly pattern of acute diarrhoea (AD) in five major towns
affected by the 2005 earthquake in Pakistan during 2006–09
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evident inverse correlation between
the frequency of acute diarrhoea and
bacteriological water quality: there was
a statistically significant diarrhoea risk
variance between Muzaffarabad and
the other towns surveyed. The latter
illustrates that excess morbidity and
mortality caused by diarrhoeal diseases
are largely avoidable if bacteriological
contamination of water is effectively
controlled [12].
The necessary capacities of local
water-supply service providers need to
be built to guarantee a sustainable exit
strategy after the emergency response
aid organizations cease their support.
To address this challenge, humanitarian
organizations and the government need
to establish the necessary operational
steps during the early recovery phase
of the emergency response in order to

املجلة الصحية لرشق املتوسط

meet the necessary technical, managerial and funding requirements to maintain the quality of water-supply systems.
The latter illustrates the necessity of
formulating sustainable exit strategies
during the emergency response phase,
recognizing the responsibility of the local authorities to maintain the provision
of safe drinking-water to the population
[18]. To address the water-safety issues
in the long run it is vital to sensitize
all the stakeholders in such a way that
water-supply service providers and
consumers are fully aware of the linkages between safe water and health. The
post-earthquake experience has shown
the predominant focus of humanitarian partners on short-term water safety
solutions rather than developing sustainable exit strategies that can build
local capacities. The human resource

and institutional capacity-development
efforts undertaken by the government,
assisted by WHO and UNICEF, could
not produce the desired results due to
paucity of recurrent financing, a matter
that needs utmost priority attention.

Conclusion
Emergency health and WASH response
interventions aim to promote earliest
possible actions to reduce any loss of
life in the aftermath of disasters. This
adversity however needs to be seen as
an opportunity to build-back-better and
develop the capacity of local institutions
in order to attain a reliable level of water
safety and pursue it as an integral part of
the exit strategies that render the humanitarian response gains more sustainable.
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