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Abstract:
Geoinformatics technology can aid in epidemiological
investigation and outbreak response thereby reducing the
health hazards in the communities before, during and after
epidemic episodes. Integration of GIS and GPS enhances
the quality of spatial and non spatial data for analysis and
decision making by providing, integrated approach to
disease control and surveillance at local, regional and
national levels. Effective response requires considerable
commitment to preparedness, risk reduction, prevention
and control, and timely economical support. Advance
planning in terms of health education, warning and
evacuation, emergency health care provision and
infrastructure protection can be effectively prepared and
implemented and GIS can be a key tool in this regard.
Spatial mapping of different diseases (i.e. vector
and water borne diseases) and pollution sources like water
distribution lines passing through parallel or cross to the
drains/garbage sites. The available number of health
facilities such as PHC, HP and major hospitals were located
in the GIS environment for further analysis. Based on the
overlay and integrate analyses classified and zoned as mild,
moderate and severe categories of flood epidemics. This
paper explores how GIS is critical tool with several
applications disaster related public health issues.
Key words: GIS, Public Health, Diseases, Risk Reduction,
Disaster
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Introduction
Flooding can have major health implications for human population including risk from communicable diseases, injuries and drowning.
Infectious disease outbreaks have been reported following major flood events in developing countries which vary in magnitude and rates
of mortality. Efforts that can reduce vulnerability to health impacts and measures to strengthen coping capacity in face of health risks are
important. Mortality: Flood related deaths are usually due to drowning, illness (post flood epidemic) and injuries (wall/Building collapse,
due to submerged sharp objects like glass, metal pieces). Also, increased levels of physical and emotional stress, particularly related to
increased exertion in evacuating a flooded area and cleanup activities. Many flood related deaths have been attributed to stress and
over exertion, which increase the likelihood for cardiac arrest among people with preexisting heart conditions.

Morbidity: Infectious diseases: Concern about potential outbreaks of communicable disease normally arises after floods. Disruption of
water purification and sewage disposal systems puts the community at risk of greater susceptibility to infections from contaminated food
and water. Nevertheless, the potential transmission of water borne disease (e.g. E Coli, Shigellosis, Hepatitis A, Leptospirosis, and
giardiasis) and for increased levels of endemic illness in flood affected areas is possible. Surveillance of water and vector borne diseases,
endemic illnesses and cleanup injuries has been recommended and implemented during response and recovery periods in flood affected
communities.

Injuries: Injuries are likely to occur as residents return to dwellings to clean up damage and debris. Electrocutions have occurred from
submerged power lines, electrical wirings and improper handling of wet appliances. Injuries from fire and explosions from gas leaks also
occur when lit matches are used to inspect darkened structures for damage. Minor lacerations and puncture wounds are common due to
post flood debris often consists of broken glass, nails and metal pieces. Health effects of toxic substances: Exposure to hazardous
chemical and biological agents exists during floods. Underground pipelines may rupture, storage tanks may be dislodged, toxic waste
sites may overflow, and chemicals stored at ground level may be released. Also when industrial and agricultural areas are submerged
further exacerbation takes place.

After flood occurs the risk of communicable diseases will be determined by the following factors:
• Increasingly morbidity rates with regards to endemic diseases.
• Alterations in the environment.
• Population displacement.
• Changes in population density patterns (overcrowding), and
• Disarticulation of basic public sanitation services.
Diarrheal disease outbreaks can occur after drinking contaminated water due to floods and related displacement. An outbreak in
Bangladesh (2004) was due to V Cholerae and E coli. In Indonesia (1992-93) due to flooding, diarrheal illness was due to salmonella
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enteric and in (2001-03) it was due to cryptosporidium parvum. In Muzaffarabad, Pakistan (2005) outbreak of diarrhea after earthquake.
In US diarrheal illness was noted after Hurricanes Allison and Katrina was due to salmonella and V cholera. Hepatitis A and E are also
transmitted by fecooral route, in association with lack of access to safe water and sanitation. Hepatitis esp., in developing countries and
most children are exposed. Leptospirosis outbreak occurred in Argentina (1998) after flooding and in Brazil (1996) while in Taiwan
(2001). Mozambique (2000) floods led to increase in diarrhea cases (Watson et al., 2007).

Remote Sensing and GIS applications in Diseases Mapping
GIS was used to map the distribution of coastal species of An. Sundaicus along the Andaman and Nicobar islands where it is the sole
vector of malaria, sandy soil is favorable to growth while rainfall more than 1600mm was not favorable for species to survive also,
species were seen around Chilka lake, Orissa, In Andhra Pradesh, Vishakapatnam and the southwestern coast of Kerala. While An.dirus is
seen in forested areas of northeastern India. It breeds in pools, unused wells, borrow pits and drains covered with foliage in deepforested areas. For validation GIS predicted areas were compared with reported distribution at micro level. In Assam, large areas on
northeast were found favorable for An.dirus through GIS. In, Meghalaya deciduous forest on the eastern and western sides is favorable,
while south Mizoram, Nagaland and western Tripura favorable. An.minimus has been reported along the foothills of Himalayas from
Uttar Pradesh to northeast in India. The resultant map after integration of thematic maps of soil, forest cover, rainfall, temperature and
altitude using GIS shows the areas favorable for An.minimus.

A GIS study was initiated in Mewat in Haryana which is malaria epidemic belt of northwestern plains of India. The study included,
I. Delineation of malaria paradigms at macro levels.
II. Identification of eco epidemiological characteristics of each paradigms /Identification of paradigms receptivity for malaria.

Using Remote Sensing and GIS, the five recognizable malaria paradigms, are irrigation command, catchment/non catchment, mining,
urban and flood prone areas, were mapped. Each paradigm exhibited its own ecoepidemilogical characteristics and potential for
maintaining malaria transmission of varying intensity. Paradigm revealed during 1996, an epidemic year, different paradigms responded
differently. Although all paradigms showed upward trend maximum amplification occurred in urban areas. During 1993 and 1998 flood
prone paradigm, irrigation command area II and non catchment area continued to retain active pockets of malaria.

GIS is to study and control of disease caused by hazardous chemicals and Public health management. GIS has brought geography into
many academic fields of research, increasing the appreciation of geography and its tools in solving spatial problems. Health research
using GIS includes demographic, political, environmental, ecological, topographical, hydrological, climactic, land use, public
infrastructure,transportation, health infrastructure and epidemiological data. A GIS is an information system designed to work with data
referenced by spatial / geographical coordinates (Martin, 2002; Martin 2006). In other words, GIS is both a database system with specific
capabilities for spatially referenced data as well as a set of operations for working with the data. It may also be considered as a higher
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order map. First use of maps for public health analysis was used way back in 1854 by Dr. John Snow, an anesthesiologist, to demonstrate
distribution of cholera cases in London.

The raster format stores geographic data or graphic images as a matrix of evenly divided grid cells that contain values for an attribute.
The position of the cell in the matrix provides information about the location. Additional information about attributes is stored within
each grid cell. Vector data consist of strings of coordinates and usually are represented in a GIS by three types of features: points, lines,
or polygons (areas). A point feature represents as single location. It defines a map object too small to show as a line or area feature. A
special symbol of label usually depicts a point location. Lines are typically represented by the x,y coordinates of their beginning and
ending points, with intermediate points or vertices defining the shape and curvatures of the line. An area feature is a closed figure whose
boundary encloses a homogeneous area, such as a state country soil type or lake (Vine et al., 1997).

GIS database development: GIS database consists of number of map layers that are geo referenced (e.g., latitude /longitude, state plane
coordinate system) as well as attributes that can be linked to map layers by a common identifier. Geographic coordinates, can be
recorded for example residences using GPS receiver, which interprets signals from three or more satellites that are the part of a
worldwide positioning and navigation system in orbit 4000- 5000 Kms above earth`s surface.

Integration of GIS database: The heart of GIS is the analytical capabilities of the system. What distinguish the GIS system from other
information system are its spatial analysis functions (Anbazhagan et al, 2006; Balamurugan, 2005, Balamurugan, et al. 2011; Kondo et al,
2002; Kurne, 2010). Although the data input is, in general, the most time consuming part, it is for data analysis that GIS is used. The
analysis functions use the spatial and non-spatial attributes in the database to answer questions about the real world. e.g., composite
map could be created from exposure information, combined with the knowledge of health/ disease status (e.g. water borne diseases) by
house location or water sources could be included in the study to investigate relation between polluted water and disease risk. Data on
potential confounding or modifying factors (e.g. age, gender, sex, income, settlement type) could also be incorporated into data analyses
(Vine et al., 1997).

Health professionals have used maps when analyzing associations between location, environment and diseases.GIS in public health is
used for basic mapping and involves spatial analysis of disease occurrences and contributing environmental factors.GIS helps us in visual
analysis and exploratory analysis along with estimation of relationship between measures of disease incidence (Rytkonen, 2004).

Representation of disease incidences data can be displayed as,
• Dot maps to show health event.
• Choropleth maps to display death and illness rates in geographical area.
• Diagram maps to present quantitative data within map.
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Uses of GIS in Public Health Studies
1. Identifying areas where a particular disease is prevalent.
2. Identifying vulnerable population.
3. Identify factors responsible for diseases.
4. Incidences of each disease.
5. Identify health care centers
6. To determine morbidity and mortality rates.
7. Water polluting sources
9. Diseases zonation mapping.
10. Target and plan the remedial measures.

Study area
Mumbai area falls between Latitude - N18°30´ to 19°20´ and Longitude - E72°45´ to 73°00´. Mumbai consists of two districts, one is the
island city, made up of seven islands up to Mahim and Sion in the north and the other is suburbs which divide into two eastern and
western, beyond Mahim and Sion. Mumbai area covers an area of about 437.71 Sq.Km. East to West it extends – 12 kms and North to
south - 40 kms. Southern part of the city is mostly reclaimed land on Arabian Sea coast.BMC limit extends up to Mankhurd in the east,
Mulund in northeast and Dahisar in northwest. Fig. 1.1 shows the study area map of the present study of ward H (E), K (E) and L, of
Mumbai. Population of Mumbai about 1.19 crore people (Census, 2001) with sizeable day time floating population from nearby places
like Thane, Pune, Raigad and Nasik. .Nearly 54% of the city’s population lives in slums. Migration accounted for 43.7% population growth
between 1991 and 2001. Population density of about 27,209 people per Sq.Km. There are about 248 spots prone to get flooded due to
heavy rains of which 80-90 are chronic spots (low-lying areas) especially. Kalina, Bandra-Kurla Complex (BKC), Central Mumbai (Kamini et
al., 2006).
th

Kanpur is the 9 most populous city in India and also within the state of Uttar Pradesh. Kanpur is located about 425 km east of Delhi on
right bank of holy river Ganga and developed linearly along this river and is an important industrial centre. It has an area of over 1600 km
square and had a population of 4 million in the 2001 census. Situated on the banks of the River Ganga, Kanpur stands as one of North
India’s major industrial centres with its own historical, religious and commercial importance. The climate is of a tropical nature and shade
temperature varies from 20C to 480 C. Rainy season extends from June to September, with the period of maximum rainfall normally
occurring during the months of July and August. About 89 percent of the annual rainfall is received during the monsoon months (June to
September). The total rainfall in the district varies from between 450 mm to 750 mm. The annual rainfall in Kanpur Nagar was recorded
441 mm in actual in 2004 and 783 mm in general (Statistics Diary 2005). On an average there are 40 rainy days i.e. days with rainfall of
2.5 mm or more in a year in the district. This number varies from 35 mm at Narwal to 45 mm at Kanpur. The relative humidity varies
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from 15% to 85%. The relative humidity in Kanpur ranges from less than 30 percent in the summer season to 70 percent in monsoon
season. Figure1. Shows study area of Mumbai and Kanpur.

Figure1. Study area of Mumbai and Kanpur
Aim and Objectives
Public health risk zonation mapping of flood affected and groundwater contaminated areas of Mumbai and Kanpur respectively using
ArcGIS.

Methodology
Materials used were primary data tools (field visits and semi structured interviews) and Secondary data tools (Hospitals data and
Epidemiology cell data, Articles, Archives) and GIS tools (Arc GIS software) and GPS, Toposheets. Each area/slum/building was linked
using geographic coordinates (Latitude/Longitude). Spatial mapping and analysis done using hand held receiver GPS for collecting way
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points and track points and mapped using Arc GIS software. The attributes were then layered to ascertain spatial relationship. Finally in
the Geodata base have used for GIS analysis to identify the diseases prone zones and risk mapping.

Secondary Data

Primary Data

Generation of Thematic Maps in Arc GIS Data base
Overlay and Integration Analysis
Public Health Risk Mapping
Figure2. Shows the materials and methodology adopted in the study
Results and Discussions
The overall findings of the spatial variations in the diseases in both areas such as Mumbai and Kanpur are mapped according to the
number of cases reported from a particular area in all the three wards. The overlay analysis of different maps helps us to visualize the
different patterns of particular disease in a specific area. It also shows the degrees of vulnerability and severity of a particular disease in a
given area. All diseases, mapped are classified into three categories viz., high, moderate and low in all the three wards, i.e. H/E, K/E and L
wards. The following maps are overlay analysis with reference to the water level and different diseases in wards. Mapping of the spatial
variations of diseases - Primary data from the field regarding health problems in different areas are analyzed and secondary data from
hospitals and epidemiology department analysis, carried out. The resultant map gives (Figure3) the information about geographical
distribution of diseases in all three wards, viz., H/E, K/E and L wards.

Mapping of drains and sewerage channels, along with open garbage dumping areas which act as favorble ground for microorganisms and
vectors like mosquitoes, fleas, rats to breed. The water pipelines run across or parallel to the sewerage channels and major drains in
many of areas of H/E, K/E and L wards as observed during the field visits, so there is high possibility of drinking water getting mixed with
sewage water and is carried to distance places. Field photographs taken during the visit shows water pipelines parallel or across drains in
areas. Plate1. shows water pipelines and drain at Sahar gaon, High risk zone of the water borne diseases are seen around the areas lying
close to drainage areas and high water logging areas like Kranti nagar, Bamandaya pada, Lohia colony, Kapadia colony, Buddha colony in
L ward, Chire khan nagar, Air India and Indian airlines colony, Bharat nagar in H/E ward and Sag baug, Sahar gaon in K/E ward. Since the
possibility of water contamination was maximum and also, subterrean taps from where the water was fetched may have been the
possible cause. High risk zone for the vector borne diseases are seen in areas were open garbage dumping and improper and irregular
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garbage disposal, esp. Navpada, Chimat pada, Sag baug in K/E ward, Sable nagar, Buddha colony, Kranti nagar in L ward and Bharat
nagar, Valimiki nagar, Anand nagar in H/E ward.

Figure3. Shows the Public Health Risk Zones of part of Mumbai area
Vulnerable areas for water logging in H/E wards are Bharat nagar, Ramabai wadi, Chire khan nagar, New agri pada, Indian airlines and Air
India colony, MES colony while in L ward, Lohia nagar, Kapadia colony, Kranti nagar, bamandaya pada, Yellappa chawl, sable nagar are at
high risk and in K/E ward Nav pada, Sag baug and Sahar gaon are water logging areas.
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The total hardness and alkalinity is relatively high in all samples due to the presence of calcium, magnesium, and chloride and sulphate
ion. The acceptable range is 200mg/l, but the all the samples are more than 500mg/l. Hence, the water available in these areas is not
suitable for drinking washing, cleaning and laundering purpose. Also, leads to heart diseases and kidney stone formation (Lalitha S and
Barani A V, 2004). Calcium and magnesium are also beyond the permissible limit in all the samples. Except sample 1, 5 and 10 all has
chloride content below permissible limit. And also, fluoride was found almost 2-3 times more than permissible limit (1 mg/l) for all
samples. High amount of sulphate imparts bitter taste to all the samples. It should be nil, but it’s almost 20-30 times beyond the limit.
Also, this will cause laxative effect to the children in hot weather climates8 (Gupta and Suruchi, 2001). As sample 1 and 10 has nitrite
concentration above permissible limit (nil) according ISI500:1991. Chromium, a carcinogenic chemical element should be nil in drinking
water, but in all the samples, it’s beyond the limits. In sample, 4, 6 and 7, its less when compared to other samples, since its from the
India marka handpumps, which has got depth of 140feet.

With the increase in the concentration of pollutants in the ground water has resulted in the emergence of several health challenges for
the residents residing in the industrial area of Kanpur city. The study area is chosen on the basis of its proximity to tannery industry. The
sludge released in the surface water sources (River Ganga) and dumped on the waste land has resulted in the pollution of groundwater.
This ground water is utilized by the nearby villages as a major source of drinking water, irrigation and other household purposes. But, it
has led to the emergence of severe health challenges, which are though curable in some cases, but continuous consumption of polluted
water is acting as a hurdle for proper recovery of the affected ones. Looking at the village profile, 100% population is suffering from
various health challenges. According to the hydro-geochemical analysis, the concentration for different chemicals present in
groundwater is very high from the accepted range, which is the main reason for the emergence of these health challenges. Patients are
from varied age groups consisting of infants to 80year oldindividual. Pollution is affecting the water quality since last 2-3 decades; hence
health challenges are not recent issues. It has affected generations and recently it has started affecting the unborn progenies by
disturbing their genetic balance. A newly born healthy kid becomes a victim of polluted water within 2-3 years of his/her growth period.
Their immune system becomes susceptible for several diseases prevalent in the region. Figure4. Shows level of chemical pollutants in the
groundwater with questionnaire information.
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Figure4. Showing the level of chemical pollutant with questionnaire information of Kanpur area
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