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Abstract Sampling frame is a complete list of items or population from which a sample is drawn. More
often researchers face difficulties in getting an up to date line list of sampling units, especially in the
field where rapid changes are frequent. In household surveys it is difficult as newly constructed houses
are seen as a continuous process in urban as well as rural areas. To overcome this issue, in this
paper, we proposed a novel method by using Google-Earth with the GIS technologies. A study was
done with the primary objective to identify the health impact of people living in and around
quarries/crusher units at Thiruneermalai region nearer to Chennai. Since the boundary of the study
area is found to be radial, it was difficult in getting the complete line list of the people living within the
required radius. To overcome the issue the entire region was divided into small 30 x 30 meter grid
cells. A total of 43652 sampling units (grid cells) formed the sampling frame. Among them, the required
sample size was selected for the study. This method of GIS based grid sampling serve as an alternate
tool for developing sampling frame with no or least cost.
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1. Introduction

Sampling is an easy scientific method for investigating the entire population for assessing the outcome
of interest [1-2]. Though various methods are available for deriving the representative samples from
the population, simple random sampling method is considered to be more generalizable that
represents the whole population since each individual in the sampling frame has equal chance of
getting selected for evaluation [1-2]. Availability of sampling frame is a pre-requisite for deriving a
sample using this method [3]. However in resource limited settings availability of reliable sampling
frame is unlikely [4]. The available resources such as census enumeration did not have the location/
household identifier details moreover in the rapidly expanding population settings. The recent
advances in technology related to Geographical Information System (GIS) and spatial analysis has
paved way for overcoming limitations in the random sampling method. The GIS technology is being
widely used in sampling natural resources and phenomena such as geological surveys, plant
sampling, mineral deposition, bio-fuel exploration etc [5]. Spatial sampling does not rely on the
sampling frame and building the sampling frame is not feasible in these cases. Sampling frame is
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constructed in the spatial sampling by dividing the overlaid pattern into a defined number of
units/grids/cells [5].

Further there is a paucity of literature, which demonstrates and depicts the usefulness and limitations
of grid-sampling method in public health surveys. This method may reduce the cost of the survey to a
considerable extent by minimizing the time, manpower and generating reliable estimates. With this
background we explored the feasibility of using grid sampling method in estimating the health impact
of hard stone quarry/crusher works in a sub-urban setting in Chennai in South India.

Public health is one of the major areas that have been made increasing use of Geographical
Information System (GIS) techniques. In general, these efforts fall naturally within the domain of
problems requiring use of spatial analysis as part of the solution [6-10]. GIS and other spatial analysis
tools are therefore recognized as providing potentially transformational capabilities for public health
efforts. A study used systematic GIS based grid sampling procedure for reconnaissance survey for
assessing the percentage of positive for dengue and chikungunya caused mosquito breeding habitats
[11], where the mean value of breeding habitats was calculated and assigned to each of the grid cells
for mapping the mosquito breeding habitats. Efforts are continuously being done to improve the
accuracy of grid based data and to find a simple and feasible method for treating population and
housing grid data as the basis for sampling [12].

In order to fine tune the available methods, here we have proposed a novel sampling frame method,
where we have included each and every point of the study area to form total sampling frame from
where the required number of sampling units will be selected by simple random sampling method.

2. Study Area

The study area is identified as Thiruneermalai region nearer to Chennai which is located at 13°02'N
80°10'E/ 13.04°N 80.17°E on the southeast coast of India and in the northeast corner of Tamil Nadu
state (Figure 1). It is located on a flat coastal plain known as the Eastern Coastal Plains. Our objective
is to measure the health impact of quarry works among the residents living within 5 KM radius form the
guarries and to measure the related environmental parameters in the study area with specific attention
to Tuberculosis.

Figure 1: Study area with radial boundary
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We tried to get a complete list of houses of the study area but end up with failures as our boundary of
study area is circular and not part of any existing administrative boundaries. To overcome this
problem, we found an alternative strategy to develop a sampling frame by using Google-Earth [13],
GPS and GIS technologies.

3. Materials and Methods

GIS/GPS based grid sampling method is used for recruitment of community residing nearby quarries.
We identified the quarry site and created a buffer zone of 5 KM around the quarry over Google-Earth
(Figure 1). Google-Earth has been used all over the world along with GIS tools for better research in
public health [14-16].

Once the study area is identified, we blocked all water bodies, forest area and other areas where
people are not residing. Hence it is ensured that only those areas where people residing are
considered for selection. The entire 5 KM buffer-zone was overlaid with 30x30 meter small grids
developed using Keyhole Mark-up Language (KML) programme [17]. There were 43652 such grid
cells created (Figure 2) and each cell has been assigned with a unique number. The longitude,
latitude, distance from centre point (quarry) and their unique identification of each grid cells have been
stored in a file, from where 300 grid cells have been selected by simple random sampling method. The
sample size of 300 was arrived by considering the approximate prevalence of morbidity conditions
required by the study. Samples of two selected grids are shown in Figure 3.
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Figure 2: Study area divided by 30x30 meter grids

Our paramedical field teams who are well trained in using Global Positioning System (GPS) visited the
selected grid with help of Tablet-PC, where all the 300 selected grids were overlapped on Google-
Earth map [18]. Tablet-PC was used to assist the team in identifying the way and direction of the
selected houses available in any particular grid of a street.

The longitude and latitude of grids were re-confirmed with the GPS readings before collecting the data
from the particular households. Standard questionnaire was developed and the relevant information
related to this study was collected. A maximum of 4 households were enumerated from each grid. If
more numbers of household available in a single grid, we randomly selected 4 households as required
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by the study. The study was initiated during February 2014 and a total humber of 1905 subjects
including 869 males and 1036 females were covered.

Figure 3: Samples of two selected grids

4. Results

Nearly 65 (22%) grids fall on empty land and the remaining 235 (78%) fall on structural buildings
(Table 1). Hence one can expect that nearly 25% of grids may fall in vacant places in spite of the
exclusion of water bodies, forest etc. Among the 235 grids whom fall on structural buildings, 208 (89%)
grids were having residential structures and the remaining 27 (11%) grids fall on companies, schools,
office etc., (Table 2). These factors have to be kept in mind while calculating the sample size and
required number of extra grids has to be added with the sample size.

Table 1: Distribution of sampled grids (N=300)

Grid Description of grid No. %
Fall on structural building grids with habitations 208
companies, school, office etc., 27
total 235 78
Fall on empty land vacant land 53

water bodies
roads
total 65 22

Table 2: Distribution of grids having structural buildings (N=235)

Grid Description of grid No. %
Habitations grids with eligible HH 204

exclusion criteria 2

refusal 2

total 208 89
In-eligible structurals companies, school, office etc., 27 11
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The relevant information was entered into Mapinfo [19], GIS software to perform further advanced
spatial analysis. Figure 4 shows the distribution of grids from where the samples were collected. The
cases found within the grids fall between 3 and 5 KM is considered are controls and between 1 and 3
KM is considered as cases.

Figure 4: Distribution of households within 2, 3 and 5 KM radius (N=204)
5. Discussions

Use of spatial technology in identifying sampling units has been used in public health since many
years. Baba Soumare et al. used computer software which randomly select a site to identify
sheep/goats from that particular site [20], which may lead to have more number of empty points
requiring more man power to search for a valid site/point and does not provide a complete sampling
frame as large portion of areas are not been selected. Similar approach of creating random points was
used by Kumar N. [5] to identify a household. These procedures may effective for collecting samples
from ground water, soil, ambient air etc. It does not provide complete sampling frame as many of the
points were not been selected. But the method proposed in this paper will form a complete sampling
frame without leaving a single point/location as the entire study area is covered by grids. The size of
the grid may vary depends upon the size of the sampling unit of any particular study.

Google-Earth is particularly very useful tool for public health, which can be used as free of cost. The
new settlements can be viewed on the map as the Google-Earth is periodically updating their imagery
data. Google Earth also provides higher resolution satellite images which can be used as a pre-
navigation tool. Viewing grids or sample points in Google Earth before visiting the actual field helped
field investigators to identify a right house without much difficulty and hence it reduces the cost, time
and manpower.

6. Limitation

In the recent time GIS technology has been used in public health particularly in mapping mosquito
breeding habitats, quantifying the ambient air pollution and in other socio-demographic surveys.
Though there are many advantages of using grid-sampling method in public health surveys certain
limitations exist such as a) empty cells which will take more manpower to find the valid cells; b) some
households spread across two adjacent grids, which violates the principle of independence in the
distribution within each grid; c) varying number of households across grids, which requires differential
probability of inclusion by adding appropriate weight.
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The important limitation is that the micro level Google imageries which include roads and structural
building are available only for important regions/cities and not for all the regions. Removing non-
residential areas like water bodies, companies etc., from being selected are considered as a big
challenge.

7. Conclusions

House hold survey is often difficult as newly constructed houses are continues process in both urban
and rural areas. Many times researchers find difficulties in getting up-to-date line list, especially in the
field setting where rapid changes are frequent. Since Google-Earth capture periodical imageries of the
globe along with their spatial locations, this demonstration of using grid sampling method with the
combination of Google-Earth with other GIS technologies serve as an alternate tool for developing
sampling frame with no or least cost.
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