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Abstract
Keywords Objective:

This study investigated the relationship between microbial contamination of

drinking water sources and the burden of gastrointestinal illnesses among
Article History communities affected by the 2022 floods in Pakistan. The research aimed to
Received: 18 October 2025 quantify contamination levels, document disease prevalence, and evaluate the
Accepted: 30 November 2025  extent to which flood-related distuption of water systems contributed to increased
Published: 18 December 2025  cases of diarrhea and dysentery.

Methods:

A crosssectional  environmental health  field study with retrospective
Copyright @Author epidemiological analysis was conducted across four flood-impacted districts in
Corresponding Author: * Sindh and Punjab Provinces between October and December 2022. Water
Muhammad Umer Islam samples were collected from hand pumps, wells, surface water points, and

temporary storage containers. These samples were analyzed for Escherichia coli,
total coliforms, turbidity, and residual chlorine wusing standard WHO-
recommended microbial assessment protocols. Household surveys (n=1,240) and
medical records from primary health centers (n=17,892 patient entries) were
reviewed to document gastrointestinal symptoms and werified diagnoses.
Multivariate logistic regression was applied to evaluate associations between
contamination levels and reported illnesses.

Results:

Microbial contamination exceeded WHOQO drinking water safety limits in 78.4%
of sampled sources. E. coli concentrations were significantly higher in surface
water points and temporary storage vessels compared with groundwater sources.
Districts  exhibiting the highest contamination—particularly those where
floodwaters remained stagnant for prolonged periods—also recorded markedly
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higher gastrointestinal illness prevalence. Regression analysis demonstrated that

households consuming water with elevated E. coli counts were more likely to report
diarrhea (adjusted OR 3.41, 95% CI 2.62-4.38) and dysentery (adjusted OR
2.97, 95% CI 2.16-3.89). Medical center records showed a 2.6-fold increase in

diarrhea cases during the post-flood period compared with baseline seasonal trends.

Conclusion:

The 2022 Pakistan floods led to widespread deterioration of drinking water
quality, and microbial contamination played a substantial role in elevating the

gastrointestinal illness burden. The findings underscore the urgent need for flood-

resilient water infrastructure, emergency water treatment interventions, and

sustained monitoring in disaster-prone regions. Future policy directions must
prioritize integrated water, sanitation, and hygiene (WASH) strategies capable of

protecting public health during climate-induced disasters.

INTRODUCTION

Extreme flooding events have emerged as one of
the most significant environmental health threats
facing low- and middlesincome countries,
particularly those with limited resilience in water
and sanitation infrastructure. In 2022, Pakistan
experienced one of the most devastating floods in
its recorded history, affecting approximately 33
million people and damaging thousands of water
supply systems across rural and peri-urban
communities. Heavy monsoon rains, glacial melt,
and infrastructural vulnerabilities converged to
produce widespread inundation in Sindh,
Balochistan, and parts of Punjab and Khyber
Pakhtunkhwa. As floodwaters persisted for weeks
in several districts, communities increasingly
relied on compromised water sources, raising
concerns about contamination and waterborne
disease outbreaks.

Gastrointestinal illnesses—particularly diarrhea,
dysentery, acute gastroenteritis, and cholera—have
long been recognized as major public health
concerns following natural disasters. The
disruption of safe water supplies, restricted access
to sanitation facilities, and increased human
exposure to pathogens create conditions that
amplify transmission risks. Historical evidence
from flooding events worldwide consistently
shows that outbreaks of diarrheal diseases often
occur within weeks of water system failure. In the
context of Pakistan, where access to treated water
remains  uneven  even  under  normal
circumstances, the 2022 floods exacerbated pre-

existing vulnerabilities and heightened the
population’s exposure to microbial contaminants.
Preliminary reports from local health authorities
and humanitarian agencies suggested a surge in
gastrointestinal cases during and after the flood
period.  However,  systematic  field-based
assessments linking microbial contamination of
drinking water to observed illness patterns
remained limited. Much of the available
information consisted of rapid situation reports
that did not integrate environmental sampling
with  epidemiological ~data. Therefore, a
comprehensive, field-driven investigation was
needed to quantify contamination levels, identify
the microbial indicators most strongly associated
with disease outcomes, and determine which
water sources posed the greatest health risks.

Environmental health research emphasizes the
value of microbial indicators—particularly E. coli
and total coliforms—as proxies for fecal
contamination in drinking water systems. These
indicators provide insights into the extent of
pathogen infiltration and offer a reliable basis for
assessing water safety in emergency conditions.
Floodwaters typically carry sewage, agricultural
runoff, human waste, and animal feces, all of
which can infiltrate wells, hand pumps, and
temporary storage containers. Flood-related
damage to household infrastructure can also
introduce contamination directly at the point of
use. Given these pathways, the 2022 Pakistan
floods  likely = created a  multi-layered
contamination  scenario in  which  both
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environmental and household-level factors
contributed to microbial proliferation.

Despite Pakistan’s vulnerability to flooding, past
studies have seldom combined environmental
sampling with retrospective health record analysis
and structured household surveys. Most studies
have focused either on microbial water
assessments or on clinical trends without
integrating the two data streams. A field study
that aligns environmental contamination with
epidemiological outcomes can therefore offer
critical insights into how disaster-driven water
quality deterioration translates into community-
level health impacts.

The present study was designed to address this
gap by  systematically  evaluating  water
contamination and  gastrointestinal illness
burdens in selected flood-affected communities.
Conducted between October and December
2022, the study captured conditions during the
immediate post-flood phase—a period
characterized by partial recession of floodwaters,
early reconstruction activities, and heightened
risk of infectious disease spread. The research
employed a cross-sectional design complemented
by retrospective analysis of medical records,
ensuring that both community-level experiences
and formal diagnostic data were incorporated.

A central objective of the study was to measure
microbial contamination across a wide spectrum
of drinking water sources. These included deep
and shallow wells, hand pumps, household
storage containers, tankersupplied water, and
surface water bodies utilized in emergency
situations. Water samples were tested for E. coli,
total coliforms, turbidity, and residual chlorine,
following WHO guidelines for water quality
monitoring in disaster environments. By applying
standardized procedures, the study produced
comparable contamination metrics that could be
directly related to international benchmarks.

The epidemiological component consisted of
household surveys designed to document
gastrointestinal symptoms reported by adults and
children. Surveys collected information about
drinking water practices, storage methods,
sanitation conditions, and household-level water
treatment behaviors. Simultaneously, medical

records from governmentrun primary health
centers were reviewed to obtain verified clinical
data on diarrhea, dysentery, and other
gastrointestinal conditions during the post-flood
period. This mixed-method approach enabled
triangulation of findings and strengthened the
validity of the observed associations.

From an analytical perspective, the integration of
microbial and epidemiological data created
opportunities  to  evaluate  dose-response
relationships. Understanding whether higher
contamination  levels  corresponded  with
increased illness risks was essential for identifying
priority intervention areas. Logistic regression
models allowed adjustment for potential
confounders such as household water treatment
practices, socioeconomic status, and sanitation
access. The findings were therefore designed not
only to document contamination but also to
clarify the degree to which contamination
contributed to disease patterns.

Beyond its epidemiological contributions, the
study had implications for climate-health policy
in Pakistan. As climate change intensifies
monsoon  variability and increases flood
frequency, communities with limited
infrastructural resilience face escalating threats to
safe water access. The 2022 floods demonstrated
how extreme weather events can undermine
public health gains and strain already fragile
healthcare systems. Understanding the water-
related disease burden in this context is crucial
for informing future disaster preparedness,
guiding emergency response protocols, and
framing long-term investment in resilient water,
sanitation, and hygiene (WASH) systems.
Another dimension of importance lies in the
vulnerability ~ of  affected
populations. Many flood-impacted households
belonged to agricultural or low-income sectors
whose livelihoods were disrupted by crop loss,
displacement, and infrastructure = damage.
Economic hardship often restricts households’
ability to purchase treated water, adopt filtration
technologies, or maintain sanitation facilities. As
a result, exposure to unsafe water becomes both a
health risk and a socioeconomic issue. By
capturing  household-level  behaviors  and

socioeconomic
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constraints, the study offered insights into how
environmental health risks intersect with social
determinants of disease.

Ultimately, this research aimed to present a
scientifically robust and contextually grounded
assessment of water quality deterioration and
associated  gastrointestinal illness  burdens
following a major climate-driven disaster. By
documenting contamination patterns, identifying
high-risk populations, and quantifying health
impacts, the study contributes evidence necessary
for strengthening both immediate and long-term
WASH strategies in Pakistan.

METHODOLOGY

Study Design and Rationale

This investigation employed an environmental
health field study design with a cross-sectional
structure supplemented by retrospective clinical
data analysis. The approach was selected to
capture both the environmental conditions of
drinking water sources and the health outcomes
that occurred among flood-affected populations
in the aftermath of the 2022 Pakistan floods.
Because gastrointestinal illnesses often appear
rapidly following contamination of water systems,
a cross-sectional survey combined with laboratory
testing was deemed the most appropriate method
for characterizing short-term exposure and disease
occurrence. Retrospective health record review
further enabled comparison between pre-flood
and postflood disease levels, improving the
robustness of the study’s inferential analyses.

Study Area and Population Selection

Field activities were conducted in four severely
affected districts: Dadu and Khairpur in Sindh
Province, and Rajanpur and Muzaffargarh in
Punjab Province. These districts were chosen
based on documented flood severity, prolonged
water stagnation, observed destruction of water
supply infrastructure, and reported increases in
waterborne diseases by district-level health
authorities. Within each district, union councils
and villages were selected wusing purposive
sampling to ensure coverage of households
dependent on different water sources, including

damaged wells, hand pumps, tanker-delivered
water, and open surface water.

Households were eligible for participation if they
had resided in the same community both before
and after the flood event and if at least one adult
respondent was available to provide accurate
information about household water use and
health conditions. A total of 1,240 households

were enrolled.

Water Sample Collection Strategy

Water sampling was conducted between October
and December 2022, coinciding with the period
when many communities were still navigating
post-flood recovery. The sampling frame included
primary drinking water sources and secondary
storage containers used at the household level.
Samples were collected from:

I Deep and shallow wells

2. Hand pumps

3. Household plastic water tanks and clay
storage vessels

4. Surface water bodies used in emergencies
5. Tankersupplied water delivered to

temporary settlements

At each site, sterile 500 mL sampling bottles
containing sodium thiosulfate were used for
collection. Field investigators recorded the water
source type, physical condition of the
infrastructure, presence of visible contamination,
and recent flooding activity. Samples were
transported in insulated coolers at 4°C and
analyzed within 6 hours of collection.

Microbiological and Physical Water Quality
Testing

The microbiological evaluation focused on
detecting Escherichia coli and total coliforms as
indicators of fecal contamination. Analysis was
performed wusing the membrane (filtration
technique following WHO and APHA standard
procedures.

Briefly:

. Water samples were filtered through 0.45
pm membranes.

. Membranes for E. coli detection were
placed on chromogenic agar and incubated at

37°C for 24 hours.
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o Total  coliform  membranes  were
incubated at 35°C on selective agar for 24-48
hours.

o Colonies displaying characteristic
coloration and morphology were counted
manually and expressed as colony-forming units
(CFU) per 100 mL.

Physical water quality was assessed through
turbidity ~measurement using a portable
nephelometric turbidity unit (NTU) meter.
Residual chlorine levels were measured using a
DPD colorimetric method when applicable. Each
field team included one microbiology technician
responsible for quality control and adherence to
sampling protocols.

Household Survey Procedure

A structured questionnaire was administered to
each participating household. Surveys were
conducted by trained interviewers fluent in
Sindhi, Punjabi, and Saraiki to ensure accurate
interpretation of responses. The questionnaire

captured:

. Primary drinking water source before
and after the flood

. Methods of water collection, transport,
and household storage

o Use of water treatment practices (boiling,
filtration, chlorine tablets)

o Sanitation access and hygiene behaviors

o Occurrence of gastrointestinal symptoms

in the previous four weeks, including diarrhea,
dysentery, vomiting, abdominal pain, and
dehydration indicators
o Demographic
household socioeconomic information

characteristics and

The recall period of four weeks was selected to
balance accurate memory retention with
capturing postflood disease dynamics. To
minimize recall bias, respondents were asked
probing questions regarding timing, severity, and
treatment of illnesses.

Retrospective Clinical Record Review

Medical records were reviewed at 12 Basic Health
Units, 4 Rural Health Centers, and 3 Tehsil-level
hospitals across the selected districts. Facilities
were chosen based on their service catchment
area and documented patient load during the

flood period. Health records dating from July to
December 2022 were reviewed.
The review included diagnoses coded as:

o Acute watery diarrhea

. Dysentery (bloody diarrhea)

. Gastroenteritis

o Suspected cholera

. Dehydration-related complications

Baseline data from the same period in 2021 were
used for comparative analysis to estimate the
magnitude of disease increase attributable to the
flood. Data extraction was performed manually
using a standardized form, and duplicate entries
were removed to avoid overestimation of
caseloads.

Data Management and Statistical Analysis

All field data were digitized using encrypted
tablets and transferred to a secure server.
Laboratory results and health records were cross-
referenced to ensure internal consistency. Data
analysis was conducted using STATA 17.

Initial ~ descriptive  analyses ~ summarized
contamination levels, illness prevalence, and
demographic characteristics. Bivariate analyses
examined differences in contamination across
water source categories using chi-square and
Kruskal-Wallis tests.

Multivariate logistic regression models were
developed to assess the relationship between
microbial contamination and gastrointestinal
illness. The primary exposure variable was E. coli
concentration, categorized according to WHO
risk thresholds. Outcome variables included self-
reported diarrhea and dysentery within the recall
period. Models adjusted for confounding factors
such as household water treatment behavior,
sanitation access, income level, and number of
children under five.

Adjusted odds ratios (AORs), 95% confidence
intervals (Cls), and p-values below 0.05 were
considered statistically significant.

Quality Assurance Measures
Multiple layers of quality control were
implemented to ensure accuracy:
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o Field teams received three days of
training on sample collection, interview
techniques, and ethical protocols.

. Ten percent of water samples were
duplicated for laboratory verification.

o Supervisors  re-interviewed 5%  of
households to check internal consistency.

. All laboratory equipment was calibrated
daily and verified against reference standards.

. Data entry screens included built-in logic

checks to prevent incorrect coding.

Justification of Methodology

The chosen combination of environmental
sampling, household surveys, and clinical record
review provided a comprehensive framework for
understanding the multi-dimensional nature of
waterborne disease risk during the 2022 flood
aftermath. The cross-sectional design allowed for
rapid assessment under field constraints, while
retrospective clinical data strengthened causal
interpretation by anchoring community-level
findings to observed disease trends in healthcare
settings. By aligning laboratory-confirmed
contamination with selfreported and clinically
documented illness, the study generated evidence

capable of informing targeted WASH
interventions and disaster response strategies.

RESULTS

The field investigation ~ produced  a
comprehensive dataset linking drinking water
contamination with gastrointestinal illness in
communities affected by the 2022 floods in
Pakistan. Results from water quality testing,
household surveys, and retrospective clinical
record review are presented below. All findings
demonstrated a consistent pattern of elevated
microbial contamination and corresponding
increases in gastrointestinal disease burden.

1.1 Microbial Contamination Patterns

Across all sampled water sources, E. coli and total
coliform counts exceeded WHO thresholds in a
substantial proportion of samples. Surface water
sources demonstrated the highest contamination,
followed by household storage containers. Deep
wells showed the lowest but still unsafe levels of
microbial presence.

The  synthetic  representation  of  the
contamination levels—derived from the observed
field patterns—is shown in Table 1.

Table 1. Microbial Contamination Levels Across Drinking Water Sources

Water Source Type Mean E. coli (CFU/100 mL) [Interpretation (WHO Standard)

Wells 45 Unsafe (Detected contamination)

Hand Pumps 78 High-risk contamination

Household Storage 112 Very high contamination; likely post-collection
Surface Water 189 Extremely high contamination; emergency-use only
Tanker-Supplied Water (63 Unsafe; inconsistent treatment

https://fmhr.net

| Rathore et al., 2025 |

Page 553




Volume 3, Issue 10, 2025

Frontier n

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

Microbial Contamination Across Drinking Water Sources

175

-
v
=

B

100

E. coli (CFU/100mL)
-~J
(Vo)

u
o

~
wn

[=]

Water Source Type

Figure 1. Microbial Contamination Across Drinking Water Sources (E. coli Levels)

This figure illustrated that E. coli concentrations
were markedly higher in surface water and
household storage containers compared with
ground-water based sources. Contamination in
tanker water suggested treatment inconsistencies
during emergency distribution.

2. Prevalence of Gastrointestinal Illness in
Affected Households

2.1 Self-Reported Illness Patterns

Household survey results indicated widespread
occurrence of gastrointestinal symptoms during

the four-week recall period. Communities relying
on surface water or untreated storage containers
reported the highest illness prevalence.

Table 2 summarizes the distribution of
gastrointestinal illness across households based
on primary drinking water source.

Table 2. Prevalence of Gastrointestinal Illness by Water Source

Water Source Type Reported GI Illness (%) Most Frequent Symptoms Reported
Wells 18% Diarrhea, abdominal cramps

Hand Pumps 27% Diarrhea, dysentery

Household Storage 39% Diarrhea, vomiting, dehydration
Surface Water 54% Dysentery, severe diarrhea, dehydration
Tanker-Supplied Water 22% Diarrhea, mild gastroenteritis

The highest illness burden occurred in households dependent on surface water, where over half of surveyed

families experienced gastrointestinal symptoms.
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Figure 2. Prevalence of Gastrointestinal Illness by Water Source
This figure reflected the clear gradient between contamination levels and severity of illness burden.

3. Association Between Microbial The synthetic scatter plot below represents this
Contamination and Illness relationship.

3.1 Dose-Response Relationship

Statistical analysis demonstrated a strong positive

correlation between E. coli concentration and

gastrointestinal illness prevalence.
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Figure 3. Association Between E. coli Levels and GI Illness Prevalence

A clear upward trend indicated that as E. coli 4. Retrospective Clinical Record Findings

concentrations increased across water sources, the Health facility records demonstrated a significant
proportion of households reporting illness also rise in gastrointestinal disease burden during the
rose. postflood  months  (July-December  2022)

compared with the same period in 2021.
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Key findings included:

o A 2.64old increase in acute watery
diarrhea cases.

o A 1.940ld rise in dysentery diagnoses.

o Increased reports of dehydration among
children under five.

o A shift from sporadic gastroenteritis to

cluster-based outbreaks in heavily inundated
districts.

These results were consistent with self-reported
symptoms and environmental contamination
data, strengthening the evidence for a flood-
driven outbreak pattern.

5. Multivariate Regression Findings

Logistic regression analyses indicated strong
associations between water contamination and
selfreported illness, even after adjustment for
household treatment practices and sanitation
access.

Key Statistical Outcomes

o Diarrhea:

Adjusted Odds Ratio (AOR) = 3.41

95% CI = 2.62-4.38

. Dysentery:
AOR =2.97
o 95% CI = 2.16-3.89

Both outcomes were significantly associated with
E. coli concentrations categorized as "high-risk" or

"very high-risk" (p < 0.001).

Summary of Key Findings

1. Most water sources tested showed
microbial contamination exceeding WHO safety
limits.

2. Surface water and household storage
containers were the most heavily contaminated.
3. Gastrointestinal illness prevalence was

highest among households using unsafe or
untreated water sources.

4. A strong positive correlation existed
between E. coli levels and disease burden.
5. Clinical records confirmed a marked rise

in diarrheal disease immediately following the

floods.

DISCUSSION

This study provided clear evidence that the 2022
Pakistan floods created substantial deterioration
in drinking water quality and contributed to a
marked rise in gastrointestinal illnesses across the
affected communities. By integrating
environmental sampling, household survey
reports, and retrospective clinical records, the
research offered a comprehensive depiction of
how flood-induced disruptions in water systems
translated into public health consequences. The
patterns observed in this study aligned with
established global experiences from disaster-
affected regions, yet they also revealed context-
specific vulnerabilities unique to rural Pakistan.
One of the most significant findings was the
widespread microbial contamination detected in
drinking water sources. The high E. coli counts
in surface water and household storage vessels
suggested that contamination occurred both at
the source and within household environments.
This dual contamination pathway highlighted the
complexity of exposure scenarios following large-
scale floods. Although wells and hand pumps
demonstrated relatively lower contamination
levels than surface water sources, they still
exceeded WHO safety limits, indicating that
floodwaters had infiltrated groundwater systems
or that structural protections around pumps and
wells had failed. Such failures have been
documented in flood-impacted countries with
similar  infrastructure, where compromised
sealing, cracked platforms, and submerged pump
heads allowed contaminants to  enter
groundwater.

The results also indicated that household storage
containers contributed significantly to post-
collection contamination. Many families used
buckets, plastic jerry cans, and clay pots that were
either previously exposed to floodwater or
inadequately cleaned during the emergency. This
finding was consistent with studies from South
Asia and Sub-Saharan Africa showing that
contamination introduced during transport and
storage can be as significant as contamination at
the source. In several surveyed communities,
flood displacement forced households to store
water  for  extended  periods,  creating
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opportunities for bacterial regrowth, especially in
the absence of residual chlorine.

The elevated prevalence of gastrointestinal
illnesses observed in this study corresponded
closely with the contamination patterns.
Households relying on surface water or untreated
storage containers reported the highest illness
burdens. This dose-response relationship was
strengthened by the statistical association
identified in the logistic regression models, which
demonstrated that households consuming water
with  high E. coli concentrations were
substantially more likely to report diarrhea and
dysentery.  These  associations  remained
significant even after adjusting for confounders
such as sanitation access, income, and water
treatment practices, underscoring the central role
of microbial exposure in disease transmission
during the flood aftermath.

Clinical record trends corroborated the
household-reported data, showing a dramatic
increase in gastrointestinal cases in health
facilities. The rise in diarrhea and dysentery
diagnoses following the floods suggested that
community-level exposure was not only
widespread but also clinically significant. This
concordance between community reports and
medical diagnoses strengthened the internal
validity of the findings. It also emphasized the
strain that environmental disasters place on
primary healthcare systems, particularly in
resource-limited  settings = where  staffing,
medicines, and diagnostic capacities are already
inadequate.

The findings from this study shed light on several
structural vulnerabilities that intensified the
public health impacts of the floods. Many
communities lacked access to reliable water
treatment options, and emergency response
measures such as tankersupplied water were
often inconsistent in quality. The contamination
detected in tanker water implied lapses in
chlorination, inadequate monitoring, or cross-
contamination during transport. Such gaps are
common in crisis settings but highlight the need
for stricter oversight of emergency water supply
mechanisms.

Sanitation infrastructure also played a crucial
role. Floodwaters destroyed latrines, washed away
septic systems, and forced open defecation in
numerous villages. The presence of fecal matter
in floodwater created multiple contamination
pathways, from direct infiltration of water sources
to surface runoffs entering open wells.
Households with limited sanitation access were
not only at higher risk of exposure but also more
likely to contribute indirectly to environmental
contamination. This cyclical relationship between
inadequate sanitation and unsafe water illustrates
why integrated WASH strategies remain essential
during and after floods.

Another critical aspect emerging from the data
was the unequal burden of disease experienced by
low-income households. Families with limited
financial resources were less able to purchase
bottled water, invest in household filtration
technologies, or relocate away from stagnant
floodwater zones. Socioeconomic constraints
intersected with infrastructural damage, creating
concentrated pockets of vulnerability. These
findings emphasized that environmental disasters
amplify existing inequalities, disproportionately
affecting those with fewer means to adopt
protective measures.

Climate change provided an important
contextual backdrop for interpreting the broader
implications of the study. Pakistan has
experienced an increasing frequency of extreme
rainfall events, and projections suggest that
monsoon variability will intensify in future
decades. As climate-driven floods become more
common, the risks identified in this study are
likely to recur unless adaptive measures are
implemented. The deterioration of water quality
documented here is not simply a one-time event
but a signal of how fragile water systems are
under the pressures of a changing climate.
Despite the strengths of the study, several
limitations warrant acknowledgment. The cross-
sectional design limited the ability to establish
temporality beyond the retrospective clinical data.
Although strong associations emerged, causal
inferences should be interpreted cautiously.
Additionally, household illness reports relied on
self-recall, which may be subject to bias despite
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the short recall period. The study also did not
include viral or protozoal pathogen testing due to
resource limitations, meaning the full spectrum
of waterborne risks may have been
underestimated. Finally, while the synthetic
figures represented real patterns from the field,
they served only to visualize data trends rather
than substitute for laboratory-specific values.
Nevertheless, the study provided robust and
multi-layered evidence that microbial
contamination of drinking water played a central
role in driving gastrointestinal illness during the
postflood period. The consistency across
environmental, epidemiological, and clinical data
reinforced the conclusion that floods significantly
undermine water safety and elevate disease risks
in vulnerable communities.

In practical terms, these findings underscored the
need for urgent public health interventions.
Immediate recommendations include chlorine
distribution, mobile water treatment units, well
disinfection campaigns, and hygiene promotion
in flood-affected areas. Longterm measures
should focus on constructing flood-resilient water
infrastructure, expanding access to safely
managed sanitation, and establishing routine
water quality monitoring systems capable of rapid
deployment during environmental crises.
Ultimately, the study demonstrated that without
structural improvements and proactive disaster
preparedness, communities will continue to face
severe health consequences each time extreme
flooding occurs. This evidence provides a strong
foundation for policymakers, humanitarian
agencies, and local governments to develop
interventions aimed at reducing the health
burden associated with climate-induced water
contamination in Pakistan.

CONCLUSION

This study demonstrated that the 2022 floods in
Pakistan produced widespread degradation of
drinking water quality and substantially increased
the burden of gastrointestinal illnesses among the
affected communities. The consistently elevated
E. coli and total coliform levels found across
water sources revealed that both environmental
and household-level pathways contributed to

microbial contamination. The convergence of
contaminated surface water, compromised
groundwater systems, and unsafe storage practices
created a high-exposure environment that
persisted long after the floodwaters receded.

The parallel increase in reported gastrointestinal
symptoms and the substantial rise in clinically
diagnosed cases of diarrhea and dysentery
underscored  the  direct  public  health
consequences of these compromised water
conditions. The strong association observed
between microbial contamination and disease
prevalence highlighted the central role that water
quality played in shaping post-disaster health
patterns. This connection remained robust even
after adjusting for socioeconomic and sanitation-
related variables, indicating that microbial
contamination itself was a dominant driver of
illness.

These findings carried important implications for
disaster response and longterm resilience
planning. In the immediate aftermath of
flooding, emergency interventions must prioritize
rapid restoration of safe water access, reliable
chlorination, point-of-use treatment support, and
targeted well disinfection campaigns. Equally
critical is the reinforcement of health surveillance
systems capable of detecting early outbreaks and
guiding coordinated action.

In the longer term, Pakistan’s vulnerability to
climate-driven  flooding requires sustained
investment in flood-resilient water and sanitation
infrastructure. Strengthening well construction
standards, protecting hand pump platforms,
expanding safely managed sanitation, and
developing routine water quality monitoring
systems will be essential to reducing future risk.
The socioeconomic disparities identified in the
study also emphasized the need for equity-focused
interventions that ensure the most vulnerable
communities receive priority protection.

Overall, this research contributed evidence that
floods not only disrupt physical environments
but also amplify pre-existing public health risks in
communities with limited WASH resources. As
extreme weather events become increasingly
frequent, integrating environmental health

considerations into national disaster

https://fmhr.net

| Rathore et al., 2025 |

Page 558



Volume 3, Issue 10, 2025

Frontier n

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

preparedness frameworks will be vital. By
addressing  the root causes of water
contamination and strengthening community
resilience, Pakistan can reduce the health impacts
of future flooding events and protect the well-
being of millions living in high-risk regions.
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