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ABSTRACT

Arsenic poisoning in Bangladesh has been one of the biggest environmental health and social disasters of recent
times. About seventy million people in Bangladesh are exposed to toxic levels of arsenic (0.05 mg/L) in drinking
water. It is ironic that so many tubewells have been installed in recent times to provide drinking water that is safe
from water-borne diseases but that the water pumped is contaminated with toxic levels of arsenic. Along with the
clinical manifestations, some social problems have also emerged due to arsenic toxicity. Analysing the spatial risk
pattern of arsenic in groundwater is the main objective of this paper. Establishing the extent of arsenic exposure to
the people will facilitate an understanding of the health effects and estimating the population risk over the area.
This paper seeks to explore the spatial pattern of arsenic concentrations in groundwater for analyzing and mapping
‘problem regions’ or ‘risk zones’ for composite arsenic hazard information by using GIS-based data processing
and spatial analysis along with state-of-the-art decision-making techniques. Quantitative data along with spatial
information were employed and analyzed for this paper.

INTRODUCTION
Groundwater is purportedly the main source of safe drinking water in Bangladesh and yet presently much of it is
contaminated by arsenic. Arsenic is a metalloid chemical element notorious for its toxicity that is naturally found as

. L[ N . . . . .
a main component of arsenopyrite ~ present in different rocks and soils. Arsenic occurs in the environment both in

. . . . . . . ... [23]
inorganic (trivalent or arsenite) and organic (pentavalent or arsenate) forms, with different degrees of toxicity.
Inorganic arsenic is dissolved in groundwater and is more harmful to human health than the organic arsenic present

in food. Arsenic is necessary as a nutrient for humans in very small quantities, but ingesting excessive amounts can
. . . . - [4-6]
be toxic. Cancers occur chronically after a long-time exposure to even a small amount of daily arsenic intake.

The arsenic hazard gives Bangladesh a new dimension to its existing plethora of natural calamities, such as ﬂc[)ods]
7-13
and cyclones. At present two-thirds of the population are at risk of arsenic contamination from groundwater.

The scale of arsenic toxicity is greater than any environmental disaster seen before, it is beyond the accidents at

.. . [14] . . . .
Bhopal, India in 1984 and Chernobyl, Ukraine in 1986. A health impact of ingesting arsenic from groundwater
has been found in the study area and will be explored as the basis of risk characterization.

After the detection of the first arsenic contamination of groundwater in Bangladesh in 1993 by the Department of
Public Health Engineering (DPHE), extensive contamination was confirmed in 1995 when chronic arsenicosis (an
arsenic related disease) was diagnosed by health professionals. In 1996, arsenic contamination was detected in only
seven districts but this had extended to 48 districts in the middle of 1997; while at present, 59 districts out of 64 are
said to be affected. This paper seeks to explore the arsenic magnitudes in the study area using geostatistical
interpolation methods. In addition, the spatial pattern of arsenic risk will be analyzed in order to identify composite
arsenic ‘hazard zones’ in the study area.



DATA AND METHODS

Our investigation of arsenic concentrations in groundwater, and its toxic nature and risk pattern employed multiple
methods. This strategy provided a mix of quantitative data (spatial and attribute information) with a questionnaire
survey providing breadth of coverage. The research design was composed mainly of problem formulation,
quantitative data collection procedures, data manipulation, analysis and interpretation, and geographical analysis
with a GIS (Geographic Information System).

The Study Area
Since the Ganges delta is highly contaminated with arsenic, a study site close to the Indian (West Bengal) border
was chosen on the basis of existing arsenic information, absence of municipal water supply facilities, and ease of
access. The last point corresponds to Miles and Huberman’s ‘feasibility’ attribute[15] and ‘frontend-
management’.[16] Ghona Union (the 4th order local government administrative unit in Bangladesh) of Satkhira
District was selected for the study (Fig. 1). This has about a kilometre of international border with West Bengal,
India, and is located 20 kilometres west of the Satkhira District Headquarters, between 22°41" and 22°45' north
latitude and 88°57’ and 89°00’ east longitude. The study area consists of 5 mauzas (the lowest level administrative
territorial unit having separate jugisdiction list numbers (JL No) in the revenue records) and nine administrative

. : : [17] : .
wards, having an area of 17.26 km g1726 hectres) and a population of about 11,000 in 1991.  Physiographically

. . [18] .. L
the area is a part of Ganges Plain.  The Mahmudpur Khal (canal) and the British Khal are the two main rivers
flowing through the study area.
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Figure 1. Location and characteristics of the study area.

Sampling Strategy



Tubewell screening is an important priority work for arsenic data collection. Which tubewells will be sampled and
how many? This question is a very important issue since arsenic concentrations in groundwater are highly uneven
in both space and time. In determining the ‘actual’ arsenic concentrations and magnitudes, all of the tubewells in
the study area were screened rather than attempting to follow a representative sampling strategy widely used in
quantitative inquiry.

Arsenic Data
For arsenic information a minimum detection limit (MDL) is essential for establishing ‘safe’ and ‘risk zones’ of

. . . .. [19]
arsenic, and we have used the DoE maximum contamination limit (MCL) of 0.05 mg/L.3 The methods and

analyses of arsenic in groundwater are well known and have been described in the Iiterature.[ ]The use of field test
kits (FTK) is one approach and the E-Merck kit, ANN-NIPSOM modified kit, AQUA-Consortium kit and others
are well-established in Bangladesh. The FTKs are easy to use and are cost-effective, but their results are less
reliable and less accurate than laboratory methods. In addition, FTK results are not accurate enough to permit
testing at the WHO permissible limit (0.01 mg/L) and sometimes even the Bangladesh Standard limit (0.05 mg/L).

To assure reliable and accurate arsenic data, we collected water samples from 375 tubewells (in January 2001) and
these were analyzed using the method of Flow Injection Hydride Generation Atomic Absorption Spectrometry
(FI-HG-AAS) at the laboratories of SOES, Jadavpur University, Kolkata, India. The results mainly address the
concentrations of inorganic arsenic in the groundwater.

In order to analyse the ‘risk factor’ and ‘risk characterization’ we needed to measure the effects on health of chronic
exposure. Professional medical diagnosis revealed 11 patients with different levels of arsenicosis, including one
family all of whose members were affected. All of the identified patients were ingesting arsenic with more or less
similar toxicological levels. No patients were identified as having cancer symptoms.

Spatial Data

The data for spatial analysis with GIS operation are categorised as: (a) vector spatial data and (b) descriptive
attribute data. The vector spatial data assigned to the display of points (tubewells, schools etc.); lines (boundary
information, roads, rivers etc.); and polygons (administrative units, land use, topography etc.) are allocated by
means of X, Y coordinates; while the attribute data are stored as records (rows) in a relational database. The
attribute data of different map features (i.e., tubewell identification number, depth, arsenic magnitude, ownership,
etc.) were collected from primary sources. Tubewell locations were plotted on the mauza maps (scale 1:3960)
manually and the locations were transformed into real world co-ordinates in ArcGIS.

Data Analysis
Spatial Interpolation and Geostatistics
Thematic maps were developed to define the pattern of arsenic magnitudes and its spatial variation by using spatial
interpolation methods. Interpolation is the process of estimating the value of parameters at unsampled points from

. [20] : : . :
a surrounding set of measurements. ~ When the local variance of sample values is controlled by the relative spatial
21

. .. - . [21] -
distribution of these samples, geostatistics can be used for spatial interpolation. ~ Geostatistical approaches rely on
both statistical and mathematical methods, which can be used to create surfaces and assess the uncertainty of the

... [ . :
predictions. Geostat[lstlc]s represent one of the most powerful procedures for producing contour maps for
23,24
regionalized variables.

The spatial pattern of arsenic magnitudes was analyzed and interpolated in a GIS environment (ArcGIS-version
8.1) by using the Kriging method. This is a stochastic and optimal point interpolation method for the unbiased
estimation of field variables.?%?25-2°]
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The method is based on the theory of regionalized variables. Kriging is a means of local estimation in which

: . . . . [2634] . N
each estimate is a weighted average of the observed values in the neighbourhood. It is a distance weighting

estimatio[n m?thod that takes into account the spatial characteristics of the local structure through a variogram

30,35

function. 'I['h]e advantage of Kriging is that the estimated values at observation sites are equal to the actual
25

measurements.
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Figure 2. Spherical semivariogram for arsenic concentrations.

The arsenic interpolation map produced by Kriging is constrained by the spherical semivariogram fits (Fig. 2). The

experimental variogram was computed from the raw data and a mathematical model[36 ¥ was fitted to the arsenic
concentration values by weighted least-squares approximation, using ArcGIS. The parameters of the variogram
model for arsenic concentrations were used with their values for estimating their concentrations over the area. The
semivariogram, yohp, is half the average squared difference between pairs of data Z(x;) and Z(x;+h) separated by a
given distance h (lag). An estimate of the semi\[/gaslagiogram with N(h) the number of sampling pairs separated by a

distance of h is given by the following equation
Ni(h)

pih) _Tﬂ'i‘]; {L’L’.‘uf + k) — £f.x',-]}' (1)

The semivariogram for the arsenic data illustrates a number of common features®* *”": (a) »(h) increases from
smaller to larger lags but a limiting ‘sill” is always found; (b) 1(h) approaches the small lags, suggesting a large



‘nugget effect’; and (c) the spherical semivariogram model gives good and acceptable fits to (h). Ordinary Kriging
was used in this study since arsenic concentrations in groundwater are high uneven. Ordinary Kriging, which is the
most widely used type of Kriging to estimate values when data point values vary or fluctuate around a constant

35

]
mean value. It is applied for an unbiased estimate of the spatial variation of a component.’*!
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Figwe 3. The GIS methodological procedure in identification of arsenic risk zones.

Spatial Analysis and Mapping in GIS

The spatial analytical capabilities of GIS were used to identify a spatial arsenic risk pattern (Fig. 3). ‘Iso-arseno’
value lines were developed to identify the arsenic magnitudes which were predicted through Kriging. In addition,
buffer generation was used in mapping the proximity area of arsenic and spatial GIS overlay capabilities allow
different map data to be combined in determining suitable sites for different risk zones of arsenic. Reclassification

allows the transformation of attribute information; it represents the ‘recoloring’[41] of features in the map. Thus, a
map of spatial arsenic concentrations may be classified into categories such as ‘safe zones’ ‘contaminated zones’ or
‘severely contaminated zones’ without reference to any other information. Arsenic risk zones were identified by
creating buffer zones around each tubewell, and in this case, the buffer distances were calculated according to the
threshold limit (distance walked by the users) of a particular tubewell. The threshold limits or influence zones were
identified during the field survey in 2001.
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Figure 4. Risk assessment procedure: exposure assessment and toxicity assessment.

Risk Assessment

There is growing concern about levels of arsenic in the environment because of its toxicity to the human body. To
answer the questions relating to the safety of tubewell water, requires performing a toxicological risk assessment,
with an exposure assessment and a toxicity assessment (Fig. 4). How much arsenic is an individual or population
exposed to? The answer to this question denotes the exposure assessment, which depends on: (a) how much arsenic
is present in the groundwater; (b) how long people have been exposed to arsenic; (c) whether arsenic exposure was
continuous or intermittent; and (d) how the people were exposed. In measuring chronic exposure to arsenic, we
analyzed arsenic concentrations in the groundwater. We also established how long tubewells had been in each
location and determined how many people were exposed. The route of exposure (ingestion) was then determined
and the amount that people consumed was estimated. In our example, if groundwater that is used for drinking and
cooking purposes is found to have arsenic at 0.05 mg/L, a person (60 kg body weight) who drinks 2 liters of water
and cooks with 2 liters of water each day will have an exposure of 12 mg/day from this source. This figure is always
changing, so, an exposure assessment is stated in terms of likelihood.

How much arsenic causes what kind of harm? Toxicity assessment can provide the answer to this question by
investigating the potential for arsenic to cause harm. Toxicity to humans is not usually measured directly. Arsenic
is toxic in quantity, but the mere presence of arsenic does not automatically imply harm. This is why toxicity
assessment is concerned with the type and degree of harm caused by differing amounts of arsenic. Chronic effects
happen only after repeated long-term exposure. The dose-response concept is the basis of all toxicity assessments:
as the dose (exposure) increases, the response (toxicity) increases. In determining exactly how high a dose causes a
particular kind of a response, the smaller the dose needed to cause an effect, the more potent (toxic) the substance
is. We have examined the relationships between arsenicosis patients, their habits of consuming water, and the
length of exposure to arsenic contaminated drinking water.

In addition, descriptive statistical techniques along with generalized linear models were employed in analyzing the



arsenic data.
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Figure 5. Three-dimensional view of arsenic concentrations in the study area.

SPATIAL ARSENIC MAGNITUDES
In order to determine which tubewells are safe and which are contaminated, data from the collected TW samples (n
= 375) were analyzed by spatial interpolation. The spatial pattern of arsenic concentrations in the study area is
highly uneven: some tubewells are heavily contaminated with arsenic and some are less so; some areas are worse
than others (Fig. 5). Arsenic concentrations in the study area range between <0.003 mg/L and 0.600 mg/L. The
mean arsenic concentration is 0.238 mg/L and the standard deviation is 0.117 mg/L (Table 1).

Tabfe 1. Statistical properties of arsenic data from 375 TWs water in the study area.

Descriptive Statistics Owverall Safe Level Contamination Level
Frequency 375 (100%) 17 (4.53%) 358 (95.47%)
XN-minimum <0003 mg/L <0.003 mg/L 0.057mg/L
XN-maximum 06mg/L 0.043mg/L 0.6mg/L

Mean 0.238mg,/L 0.022mg/L 0.248 mg/L
Variance 0.014mg/L 00001 44 mg/ L 0011881 mg/L
Std. deviation 0.117mg/L 0.012mg/L 0109 mg/L

Figures in the parentheses indicate the net percent of the sample TWs.
(The arsenic data are calculated by descriptive statistical procedures).
Souwrce: Field Survey, 2001,

Arsenic concentrations in groundwater can be classified into different categories based on arsenic magnitudes and
statistical procedures, but here, we classified concentrations based on different permissible limits (Table 2 and Fig.
6): (a) the WHO permissible level (<0.01 mg/L); (b) the Bangladesh standard maximum contaminant level—MCL
(<0.05 mg/L); (c) a moderate contamination level (0.05-0.1 mg/L); (d) a high contamination level (0.1-0.3 mg/L);
and (e) a severe contamination level (>0.3 mg/L). These figures can be framed into two different broad categories
on the basis of the official Bangladesh standard daily maximum tolerable limit of 0.05 mg/L (Fig. 6e). These are:
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(a) a safe level (<0.05 mg/L); and (b) a contamination level (>0.05 mg/L).
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Table 2. Geographical distribution of arsenic concentrations in groundwater.

Arsenic
Magnitudes Detailed Number of Area Covered
Major Groups (mg/L) Classification TWws" (Kriging Method)"
Safe level =0.01 WHO permissible 4 8.4
limit (1.07) (0.49)
0.01-4.05 Bangladesh standard 13 429
limit (3.47) (2.49)
Contamination 0.05-4.1 Moderate 32 173
level contamination (8.53) (10.02)
0.14).3 High 2000 587
contamination (53.33) (34,00
=03 Severe 126 015
contamination (33.60) (53,000

“Figures in parentheses indicate the net percent of the sample TWSs.

"Figures in the parentheses indicate the percent of respective distribution area (hectare).
(The dataset is classified on the basis of different permissible limits of daily arsenic ingestion
and the interpolated area has been calculated by ArcGIS).

Souwrce: Field Survey, 2001.

(a) a safe level (<0.05 mg/L); and (b) a contamination level (>0.05 mg/L).

The kriged prediction shows the isoline maps of estimated arsenic magnitudes and reveals lower arsenic
concentrations mainly in the central zone and in some parts of the northern and southern zones of the study area;
while higher magnitudes are recognisable in the west and northeast part of the study area (Fig. 7). The safe areas
identified in the kriged estimation are especially in Wards 6 and 9 and these safe zones cover about 2.97% (51.30
hectare) of the total study area (Table 2 and Fig. 7).

Only 4.50% of the tubewells (17 out of 375) conform to this safe level. The arsenic concentration present in this
broad band ranges between <0.003 mg/L in Ward-9 and 0.043 mg/L in Ward-2 and the mean (X) arsenic
concentration lies at 0.022 mg/L; while the standard deviation (&) is 0.012 mg/L (Table 1). In the safe band, only 4
tubewells (1.07%) meet the WHO standard level (<0.01 mg/L) and 13 tubewells (3.47%) qualify at the Bangladesh
Standard Permissible Limit (<0.05 mg/L). There is no safe tubewell in Wards 1 and 7 (Fig. 6). The arsenic-free
tubewells in the safe band occur in the south, middle and northern part of the study area along the British Khal
(Canal), within the Ganges alluvial plain (Fig. 6).

The kriged estimation map shows the increasing pattern of arsenic concentration from east to west, especially
beyond the west bank of the British Khal (Fig. 7). In addition, the northeast parts of the study area are
contaminated. Along with the northern part of Ward-3, the contaminated zones cover the western part of Wards 2,
3, 6, 7, and 8. High and severe contamination zones cover about 87% of the study area; while zones of moderate
contamination cover about 10.03% (Table 2).

It has been calculated from the field database that about 95.50% (358) of tubewells are contaminated with arsenic.
The arsenic concentrations in the contamination category range from 0.057 mg/L in Ward-3 to 0.6 mg/L in Ward-7
and the mean (X) arsenic concentration is 0.248 mg/L; while the standard deviation (&) in this broad category is
0.109 mg/L (Table 1). It is noteworthy that the mean arsenic concentration in this category is 5 times higher than
the Bangladesh standard limit and 25 times higher than the WHO permissible limit.



In the contamination band, only 32 tubewells (8.53%) belong to the range of moderate contamination level
(0.05-0.1 mg/L); 200 tubewells (53.33%) are highly contaminated (0.1-0.3 mg/L) level; while the remaining 126
tubewells (33.60%) are in the severe contamination (>0.3 mg/L) band (Table 2). The arsenic-contaminated
tubewells in this category occur mainly in the south (Wards 8 and 9) as a cluster; the high arsenic levels are found
in the northern, middle and southern portion of the study area; while all tubewells in the severe contamination
category occur from north to south along the British Khal within the zone of the Ganges alluvial plain (Fig. 7). All
of the tubewells in Wards 1 and 7 are contaminated with arsenic (Fig. 6e).

Arsenic concentration in groundwater is highly uneven over space. The pattern of arsenic magnitudes varies
considerably and unpredictably over distances of a few meters, which results in large nugget variances (0.008762)
of the spherical variogram (Fig. 2). In the study area, about 46% of tubewells are located within 25 meters of each
other, but within this distance there are remarkable variations.

The overall pattern of arsenic concentrations in groundwater shows a broad band of low contamination running
along the right bank of the British Khal and the areas near the Ghona UP (Upazila Parishad ) Headquarters. Safe
zones are mainly concentrated in the north, central and south part of the study area in a scattered manner (Fig. 7);
while the contaminated zones are concentrated into the west, northeast and eastern sides. The south and southwest
regions have some safe zones with some local variability. The contaminated zones are found everywhere in the
study area but with a decrease in the degree of contamination from west to east. The central part of the study area
has low contamination—in the area roughly corresponding to the Ganges alluvial floodplain. The west and
northeast of the study area then are generally more contaminated; while the southwest part of the study area is
contaminated in a highly irregular pattern (Fig. 7).

CHRONIC ARSENIC EXPOSURE AND HEALTH EFFECTS
What kind of health impacts are posed by arsenic? The most deceptive and dangerous aspect of arsenic toxicity is

its very slow and insidious development. Chronic exposure to low levels of arsenic causes different skin lesions in
[42—46]

the form[ of ]melanosis, Ieuco-melar[lo]sis and keratosis. l\[/lo]reover, non-malignant [heagth effects such as
46-48 49 50 51,52 i
diabetes[, , peripheral neuropathy, cardiovascular diseases, ischemic heart disease, hypertensive heart
53 54

disease, and bronchitis can result from arsenic exposure. It is not clear from the literature how much ingestion
of arsenic causes what types of skin lesions. This study identified four affected patients with melanosis of whom
two had been ingesting arsenic <0.05 mg/L for around 12—15 years and another two between 0.05 mg/L and 0.1
mg/L for the last 20 years. Moreover, five patients were found to be affected with keratosis, having ingested arsenic
at more than 0.1 mg/L for 15-20 years.

If arsenic builds up to higher toxic levels, organ cancers, neural disorders, and organ damage—often fatal—can

: . . . [55-61]
result. Cancer risks from inorganic arsenicals in drinking water have been proved and reported. A few years of
continued exposure to low levels of inorganic arsenicals causes different skin lesions, and after a latency period of

. . (62] . . .
20-30 years, internal cancers, particularly of the bladder and lung, can appear. ~ We found one patient with serious
skin lesions, in particular hyperkeratosis, who had been ingesting arsenic at 0.446 mg/L for around 18 years and
one person was also identified with gangrene having been ingesting the poison at 0.353 mg/L for 26 years.

RISK CHARACTERIZATION

. . . . . .., [63] .
There are many equivocal concepts regarding terminologies of risk, hazard, and toxicity. = Risk can be
considered as the possibility of suffering harm from a hazard, and a hazard in this case the harm from arsenic to

. . . . . . . [63]
human health; while toxicity refers to the inherent potential of arsenic to cause systemic damage. The term
hazard is not a synonym for toxic. Risk assessment in the present context refers to the process of estimating the



magnitude of risk to human health posed by exposure to arsenic as an environmental hazard in the study area. The
assessment of environmental health risk is based on a combination of information on the amount of arsenic people
were exposed to and its toxicity; while spatial risk assessment concerning arsenic toxicity involves mapping the
areas of affected people and those likely to be affected in future as a result of ingesting different levels of arsenic.

Arsenic Risk Pattern
Risk characterization combines information on exposure and toxicity to estimate the type and magnitude of
arsenic risk faced by the exposed population. Combining the evaluation of arsenic toxicity with estimates of how
much people are exposed to leads to an assessment of the risk pattern. In addition, the combination of different
arsenic data in relation to the installation year of tubewells and the number of people who ingest water from the
tubewells helps to identify exposure patterns to arsenic from tubewell water as a factor of risk assessment (Fig. 4).

It is clear from this discussion that combining the uncertainties of toxicity assessment with the uncertainties of
exposure assessment will lead to an overall risk assessment with greater uncertainty than that associated with either
the toxicity or the exposure estimates. Thus, it is not possible to describe the pattern of exact risk, but we can assess
how high and how low it could possibly be. The estimation of environmental health risk with uncertainties is
described within a range of probabilities and should be seen as a ‘best guess,” rather than an irrefutable statement of
fact.

(@) The risk ratio, found by comparing the occurrence of arsenicosis symptoms with different toxic levels of
arsenic, can be described as the process of estimating the environmental health risk from arsenic (Table 3). A risk
ratio close to 1 suggests that there is no health effect from arsenic; a risk ratio of >1 suggests that the characteristic
increases the risk of arsenicosis; and a risk ratio of <1 indicates that the characteristic protects against arsenicosis.
People who ingest arsenic between 0.01 and 0.05 mg/L daily are twice as likely to get arsenicosis symptoms as
people who ingest at the safe level (<0.01 mg/L). Those who ingest arsenic at 0.05-0.1 mg/L daily are four times as
likely to get arsenicosis symptoms; six times at between 0.1 and

0.3 mg/L and eleven times at >0.3 mg/L (Table 3).

Table 3. Rk ratio/pattern of arsenic in the siudy arca.

[ngesting Arsenic [dentified Exposure Cumulative Risk
(mg/L) Patients Year Frequency Ratio
<01 ] 17 1

0.01-40.05 ] 20-25 2 2f1 =2
0.0540.1 2 20 4 4/1 =4
0.1-40.3 2 15-20 B 6/l =6
=03 5 =20) 11 11/1 =11
Source: Field survey, 2001,

(b) In identifying the arsenic risk, we need to consider the chronic impact of arsenic and to review the opinions or

theories concerning the ingestion of arsenic-contaminated drinking water and the associated health risks. A low to

moderate level of environmental exposure to inorganic arsenic (0.02-0.05 mg/L) from drinking water does not
4

. . . [64]
have any dose-response relationship for arsenic and cancer. = From the study area we found that even low
exposures to inorganic arsenic (<0.05 mg/L) in drinking water can be the cause of arsenicosis symptoms and can
increase health risk if the dose level contains <0.05 mg/L for a lifetime.

. . . .. . . [65-67]
(c) In analyzing arsenic data from a study in an arsenicosis-endemic area of Taiwan, Morales et al concluded
that although the shape of the exposure-response curve is uncertain at low levels of arsenic exposure, over a
lifetime, one out of every 100-300 people who consume drinking water containing 0.05 mg/L arsenic may suffer an



arsen(aié:-related cancer (lung, bladder, or liver cancer) death Smlth et al. predicted similar levels of arsenic

., [69] . : e [68]
risk.  Despite the considerable uncertainties in the underlying data, the risks are ‘‘sobering.”” ~ Morales et al.
suggested that the lifetime risk of death is 1 in 100 from consuming 0.05 mg/L and 1 in 50 from consuming 0.1

mg/L of arsenic in drinking water In view of this argument, it can be said that in our study area there is a chance
of about 95 people dying with arsenicosis if they consume arsenic at 0.05 mg/L for a lifetime or, 157 people at 0.1
mg/L.

(d) The lifetime risk of dying from cancer while drinking 1 litre of water a day containing arsenic at a concentration

of 0.05 mg/L could be as high as 13 per 1000 people exposed. ]Usmg the same methods for Ghona, the risk
estimate for 0.1 mg/L of arsenic in drinking water would be 26 per 1000 people. The assessed risk for 0.2 mg/L of
arsenic in drinking water would be 52 per 1000 people, rising to 130 per 1000 people if the concentration of arsenic
in drinking water is 0.5 mg/L.

[7or . . s .. .
(e) Astolfiet al.  pointed out that a regular intake of drinking water containing >0.1 mg/L of arsenic leads to
clearly recognisable signs of arsenic toxicity and ultimately in some cases to skin cancer. In view of this, the risk
estimate for >0.3 mg/L of arsenic in drinking water could be as high as 4 per 1000 people exposed for a life time.

(f) Tsuda et al. claim that exposure for 5 years to7a1 high dose of arsenic (>0.1 mg/L) can cause skin signs of chronic

arsenicism and subsequent cancer development.[ : By reviewing the present findings, we may suggest that there is
a probability of 0.20% (20/1000) of cancer symptoms appearing within 20 years if the exposure level exceeds 0.5
mg/L. But it is noted that no cancer patient was identified during the fieldwork as having exposure to arsenic at >0.5
mg/L for about 5 years.

Spatial Arsenic Risk Zones
Arsenic risk zones were mainly identified in a vector-base data analysis process by using GIS technology. A GIS
72

was used as a platform enabling the management of the ‘criterion data’ ~ for the spatial risk zoning. GIS
applications have frequently been used in producing new information, both by combining data from different

sources and by the spatial analysis of existing[data} bases. Geographic information system technology has been
73-77
applied to a wide range of environmental risks.

A point-in-polygon operation through kriged interpolation methods was performed to analyse the spatial arsenic
concentrations of different magnitudes. A cartographic model was developed in which the arsenic exposure data
layer was created by combining the arsenic magnitudes map data, buffer area data of TW users, and the map data
layer for TW installation years. The exposure data layer was then overlaid with the map data of the settlement area
to yield a characterization of different risk zones (Fig. 8). On the basis of this method, the author developed the risk
zones into four categories: (a) safe zones; (b) low risk zones; (c) medium risk zones; and (d) high risk zones. The
four categories of risk zones were developed by poly-lines and they were converted to polygons using GIS in order
to perform statistics. Note that the agricultural land was not accounted for in the spatial risk zoning.
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Figure 8. The pattern of spatial arsenic risk zones.

(a) Safe zone. Here are the areas having concentrations of arsenic of <0.05 mg/L. The bounded isolines for this
zone cover about 3.17% (7.70 hectares) of the total settlement area. The safe zones are located in the central
(Ward-6) and southern (Ward-9) part of the study area (Fig. 8). Only 10 TWs are found in this category. A total of
about 1760 people (16%) collect water from the TWs located in this category all the year. During the summer, all of
these 10 TWs contain water and most of the people collect water from these TWs.

(b) Low risk zone. Areas having arsenic concentrations between 0.05 and 0.10 mg/L and the installation years
between 1981 and 2000 are categorized into this zone. The low risk zones are located in the northern (Wards 1 and
2), central (Wards 5 and 6) and southern (Wards 8 and 9) part of the study area (Fig. 8). The low risk zones cover
about 4.18% (10.16 hectares) of total settlement area. A total of 12.50% (1375) of people collect water from 32
TWs in this category. The author identified two arsenic affected patients from this low risk zone.

(c) Medium risk zone. Areas with concentrations of arsenic from 0.10 to 0.30 mg/L and an installation year after
1981 are classed into this category. This risk zone is distributed from north to south along the middle of the study
area. This medium risk zone covers about 39.64% (96.33 hectares) of the total settlement area. About 28.75%
(3163) of the total population collect water from the 200 TWs in this category. The author did find two arsenic
affected patients in this category. Both are in the primary stage of arsenicosis symptoms.



(d) High risk zone. Areas in which arsenic concentrations range from 0.30 mg/L to 0.60 mg/L and in which the
TWs date from between 1950 and 1996 are classed as high risk zones. About 53% (129.00 hectares) of the total
settlement area covers this category. The zones are mainly located in the west and northeast part of the study area.
About 42.75% (4703) of the population use severely contaminated water from 126 TWSs located in the high risk
zone. The author found five people to be arsenicosis patients.

CONCLUDING REMARKS
This study has identified the spatial magnitudes of arsenic (Fig. 7), impact of arsenic on health with risk
characterization, and the spatial risk zoning (Fig. 8). We examined the capability and functionality of GIS in
identifying spatial arsenic risk zoning in the light of the existing micro level arsenic data and other tubewell
attributes. A geostatistical approach in term of the Ordinary Kriging method was used for spatial interpolation.

In reviewing the literature, we have focussed on the pattern of arsenic magnitudes in the form of safe and
contaminated tubewells, rather than especially proliferated spatial magnitudes. Arsenic is distributed everywhere
in the study area, but with different degrees of magnitude. The spatial pattern of arsenic magnitudes shows
variations of arsenic concentrations in different aspects. The literature shows that the pattern of arsenic magnitudes
is usually described using concentrations of arsenic in individual tubewells rather than by the interpolation of
values and production of isoline maps for the distribution pattern of arsenic magnitudes. Isoline mapping for this
study gives a picture of arsenic concentrations with spatial characteristics. Isoline mapping with a geostatistical
approach identified those zones with safe and low to high concentrations of arsenic.

It is found from published sources that arsenic, in recent times, in Bangladesh and West Bengal (India) is
considered to be a ‘natural calamity’ because of its toxic nature. 91155781 The identified risk factors, risk
assessment, and spatial risk zoning for this study show that, without any immediate mitigation action or awareness
campaign, the people of the study area will be affected by mass poisoning and exposure to fatal disease. If people in
the study area continue to ingest arsenic from the groundwater, they are likely to develop arsenicosis symptoms and
in some cases cancer. Although the estimation of health risk in exposure to arsenic is uncertain, a low level of
exposure to inorganic arsenic causes chronic toxicity in the body and will be related to health risks.
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