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Abstract
Background: In 1998, the World Health Organization recognized Buruli ulcer (BU), a human skin
disease caused by Mycobacterium ulcerans (MU), as the third most prevalent mycobacterial disease.
In Ghana, there have been more than 2000 reported cases in the last ten years; outbreaks have
occurred in at least 90 of its 110 administrative districts. In one of the worst affected districts,
Amansie West, there are arsenic-enriched surface environments resulting from the oxidation of
arsenic-bearing minerals, occurring naturally in mineral deposits.
Results: Proximity analysis, carried out to determine spatial relationships between BU-affected
areas and arsenic-enriched farmlands and arsenic-enriched drainage channels in the Amansie West
District, showed that mean BU prevalence in settlements along arsenic-enriched drainages and
within arsenic-enriched farmlands is greater than elsewhere. Furthermore, mean BU prevalence is
greater along arsenic-enriched drainages than within arsenic-enriched farmlands.
Conclusion: The results suggest that arsenic in the environment may play a contributory role in
MU infection.

Background
Buruli ulcer (BU) is a skin disease, which usually begins as
a painless nodule or papule and may progress to massive
skin ulceration. If untreated BU may lead to extensive soft
tissue destruction, with inflammation extending to deep
fascia. The parts of the body most affected are the extremities. Subsequent complications may include contractural
deformities. The main form of treatment is wide excisional surgery, including amputation of limbs, which
requires prolonged hospitalization and is thus a significant burden on hospital resources and budgets.

In recent years, there has been increased incidence of BU
in West Africa (including Benin, Burkina Faso, Cote
d'Ivoire, Ghana, Guinea, Liberia and Togo), Mexico,
French Guyana, Papua New Guinea and Australia. The
disease seems to affect mostly impoverished inhabitants
in remote and rural areas; children are the most vulnerable, accounting for about 70% of the cases [1]. The World
Health Organization (WHO) has recognized BU as the
third most prevalent mycobacterial disease after tuberculosis and leprosy and has called for urgent action to control it [2].
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between some spatial environmental factors and the prevalence of BU.

Results

Figure
The
study
1 area
The study area. Amansie West District, Ghana, showing
the study area (box) and villages with BU cases (black dots).

For the buffers tested, P values range from 0.09 to 0.46.
The buffers with the highest P values (i.e., 0.09) are 100 m
for drainage channels and 400 m for farmlands. With
these buffers 24 of the 61 settlements (i.e., 39%) fall
within 100 m of arsenic-enriched drainage channels (Figure 4) and 41 of the 61 settlements (i.e., 67%) fall within
400 m of As-enriched farmlands (Figure 5). The mean BU
prevalence within the drainage buffer is 0.7% whereas the
mean BU prevalence inside the farmland buffer is 0.6%.
Thus the naturally smaller number of settlements within
the drainage buffer (i.e., 24) has a slightly higher BU prevalence than the relatively larger number of settlements
within the farmland buffer (i.e., 41).

Discussion
The causative agent of BU is Mycobacterium ulcerans (MU),
which was first described in Bainsdale, Australia, in 1948
[3]. From the medical point of view, MU is among the
group of mycobacteria that are potentially pathogenic in
humans and animals under special circumstances [4]. It is
suggested MU enters through a small break or trauma in
the skin because it is not known to penetrate through
intact or healthy skin [5,6]. Portaels et al. [7] have suggested that insects may be involved in the transmission of
the disease because insects found in the roots of trees
tested positive with the mycobacterium. Marsolliers et al.
[8] found through an experimental study that the bite of
MU-infected waterborne insects transmitted infection to
mice. In terms of human infection, however, the reservoir
of MU and the mode of transmission of BU are still
unclear [4,9-12].

Siting of rural settlements in the study area is based primarily on proximity to and availability of water for drinking
and other domestic purposes. Consequently, many settlements are located within the optimum buffer distance of
100 m from drainage channels. Where water is abstracted
from drainage channels enriched in arsenic, chronic ingestion of arsenic-enriched water through drinking and cooking is likely. This renders the inhabitants susceptible to
several kinds of diseases [15,16] including BU. Amofah et
al. [17] studied 90 BU patients and found that 52 used
surface water as the source of their drinking water. The
result of the statistical analysis corroborates this observation in that BU prevalence is highest where the inhabitants have ready access to domestic water supplies from
arsenic-enriched surface drainage.

Epidemiological data suggest that environmental factors
such as climate, soil, geology, geochemistry, etc. may indirectly influence or contribute to MU infection [4]. In addition, the frequencies of some diseases caused by
mycobacteria indicate that species are distributed geographically [13]. For example, MU has been observed
mainly in the tropics and [4] especially in anthropogenically-polluted areas [14].

Subsistence farmlands, especially those that depend partially on irrigation, tend to be located along stream floodplains. Soils in these floodplains have a high cation
exchange capacity [18] so that, where streams carry high
concentration of arsenic, there is accumulation of arsenic
in the soils of the floodplains. These high concentrations
of arsenic are in part taken up by the foodcrops grown
there [19-21]. The results of the statistical analysis suggest
that a high proportion of settlements with high BU prevalence exploit such floodplain farmlands enriched in
arsenic.

Since MU is known to be present in nature although its
reservoir is not known and since the epidemiology of BU
is still unclear, there is a need to have a better understanding of environmental, ecological, and behavioural factors
that predispose to infection. Spatial analysis potentially
contributes important information leading to the understanding of the epidemiology and etiology of BU. The
main objective of this paper is to explore relationships

Through consumption of arsenic-enriched drinking water
and arsenic-enriched foodcrops, inhabitants in some settlements in the Amansie West District are prone to chronic
ingestion of higher-than-average (but sub-toxic) levels of
arsenic. Arsenic interacts with and inhibits several
enzymes in the body [15] leading to several multisystemic
non-cancer effects [16], which could predispose to defect
the immune system [22]. Subjects exposed to high levels
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Figuremap
Binary
2 of the catchment basin
Binary map of the catchment basin. Binary map (of the catchment basin) showing arsenic-normal and arsenic-enriched
areas.

of arsenic concentrations were known to have impaired
immune response [23]. Immunosuppression due to
arsenic has been found to defect antigen processing of
splenic macrophages with consequent defective mechanism of helper T-cells [24,25]. Down-regulation of the
immune system is known to be a risk factor for the development of BU [26,27]. Several studies [e.g., [28-31]] have

reported of impaired resistance to viral/bacterial infection
via arsenic ingestion.

Conclusions
The results of this study reveal spatial dependency of BU
prevalence upon proximity to drainage channels and
farmlands containing > 15 ppm arsenic. Proximity
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Figure 3
Landcover/landuse
map
Landcover/landuse map. Landcover/landuse map based on supervised classification of ASTER data.

Methods

However, several people who were affected by the disease
do not recall having any break or trauma in their skin
prior to being infected [33]. A possible alternative is entry
through non-ruptured but unusually unhealthy or thin
skin.

Research hypotheses
It has been consistently theorized that BU is acquired
when MU enters the body through a skin rupture [32,27].

Several dermatological diseases (e.g., Bowen's disease,
hyperkeratosis, hyperpigmentation) are related to arsenic

implies chronic exposure to and/or ingestion of elevated
concentrations of arsenic, which influences susceptibility
to infection.
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Figure
Map
of As-enriched
4
farmlands
Map of As-enriched farmlands. Distances to As-enriched farmlands (red; with > 15 ppm As in stream sediments) and locations of villages with BU cases.

ingestion and exposure [34]. Bioaccumulation of arsenic
in the fatty tissues of the skin [35], due to its high lipid solubility [36,37], may provide a favourable environment for
MU in the skin because arsenic is known to help microorganisms grow [38]. It can be hypothesized, therefore, that
(a) arsenic induces MU adhesion to human tissues and
(b) arsenic influences the ability of MU to establish BU.

in contact with natural drainage areas on their journeys to
and from their farmlands, but also the farms are located
near water bodies or drainage systems for obvious irrigation purposes [39]. If farmlands and surface drainage
channels are contributory factors to BU, farmlands and
surface drainage channels enriched in arsenic may contribute to still higher prevalence of BU.

In a case study, Amofah et al. [17] reported that about
44% of the BU patients were farmers whilst about 54%
were school children. In Ghana many children help their
parents on farms. Not only do farmers and children come

Research methodology
Spatial analysis of data provides opportunities for epidemiologists to study associations between environmental
factors and spatial distribution of diseases [40]. A geo-
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Figure
Map
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streams
Map of As-enriched streams. Distances to As-enriched streams (black; with > 15 ppm As in stream sediments) and locations of villages with BU cases.

graphic information system (GIS) is capable of analyzing
and integrating large quantities of geographically distributed data as well as linking geographic data to non-geographic data to generate information useful in further
scientific (or medical) research and in decision-making.

In this study, topographic map data, stream sediment geochemical data for arsenic, ASTER satellite imagery and
locations of settlements with BU cases were the basic data
inputs into the GIS. Spatial data processing was carried
out (a) to delineate arsenic-enriched catchment basins
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based on arsenic concentrations in stream sediment samples, (b) to delineate farmlands from ASTER satellite
imagery and determine arsenic-enriched farmlands based
on catchment basin data and (c) to extract drainage channels from the topographic map and determine arsenicenriched drainage channels based on arsenic-enriched
catchment basins. Proximity analysis was undertaken to
determine spatial relationships between BU-affected areas
and the arsenic-enriched areas determined from the data
inputs.
The study area
History of BU in Ghana
The study area is in Ghana, where the first case of BU was
reported in 1971 and, between 1991 and 1997, more than
2000 cases have been reported [41]. The disease has
affected all of the ten regions and at least 90 of the 110 districts in Ghana [42]. The Ashanti Region is the worst
affected, accounting for about 60% of all reported cases,
of which the greatest percentage is in the Amansie West
District (Figure 1).
Location of study area
The Amansie West District lies between latitudes 6°N and
6°45'N and longitudes 1°30'W and 2°15'W. It covers an
area of about 1,136 km2. The district capital, Manso
Nkwanta, is about 40 km south of Kumasi. The district is
drained by the Offin and Oda rivers. Vegetation in the district is composed mainly of secondary forests, thicket, forb
regrowth (i.e., soft-stemmed leafy herbs, mostly the
weeds, which appear on farms and have to be cut regularly) and swamp vegetation. Vegetation thrives in ferric
fluvisols, which are the major soil types in the district.
These soils have been developed through yearly rainfall
ranging from 125 to 200 cm with temperatures of 22 to
30°C. The landscape of the district varies from gentle to
broken.

The district is underlain by Lower Proterozoic Birimian
and, to a lesser extent, Tarkwaian rocks. Throughout
Ghana, Birimian rocks of West Africa are mainly volcanic
greenstones with intervening sedimentary rocks and granitoid intrusions, in places containing deposits composed
of pyrite, arsenopyrite, minor chalcopyrite, sphalerite,
galena, native gold and secondary hematite [43].
The district has about 310 settlements (though not all
these settlements are mapped) with a population in 2000
of 108,726. There are approximately equal percentages of
males and females (49% and 51%, respectively), of whom
70% are farmers and 22% are engaged in legal and 'galamsey' (or illegal) mining.
The study area is the east-central part of the Amansie West
District (covered by a single topographic map sheet,

http://www.ij-healthgeographics.com/content/3/1/19

0602C1), with an area of about 623 km2, comprising 61
settlements and including the Bilpraw goldmine (formerly a treasure mine of the Ashanti Kings). The BU cases
per settlement range from 1–29.
Materials
The following are the sources of spatial data input to the
GIS.

• Incidence of BU per settlement in 1999, obtained from
Korle-BU Teaching Hospital, Accra, Ghana.
• Settlement population estimates for 2000, projected by
the Ministry of local government and rural development.
• Topographic map (Sheet 0602C1, 1974, at a scale of 1:
50,000), a single sheet covering the study area, obtained
from the Survey Department, Accra, Ghana.
• Location map (at scale of 1: 62,500) of stream sediment
samples collected in part of the Amansie West District in
1992 and list of arsenic concentrations determined in
these samples, obtained from the Geological Survey
Department, Accra, Ghana.
• Boundary map (at scale of 1: 250,000, surveyed in 1991)
of the district, obtained from the Amansie West District
Administration.
• ASTER imagery (level 1B) acquired on 15/01/2002,
obtained from the US Geological Survey.
• Landuse/landcover map of Ghana (traced on Landsat
TM data of 1998 and published in the same year),
obtained from the Remote Sensing Application Unit
(RSAU), University of Ghana, Legon.
The GIS operations were carried out in three principal
steps: (1) spatial data capture; (2) generation of spatial
factor maps; and (c) spatial data analysis. The GIS operations were carried out using ILWIS (Integrated Land and
Water Information Systems), a GIS software package
developed by the International Institute for Geo-information Science and Earth Observation (ITC) in the
Netherlands.
Spatial data capture
The different analog maps were scanned then georeferenced (by defining the x and y coordinates of the corner
points of the maps) into a UTM coordinate system. From
the scanned map, spatial data were captured by screen digitizing. From the topographic map, rivers, streams and
gullies were digitised as line segments as were elevation
contours. The boundaries of the district were digitised as
line segments and then polygonized. The locations of cen-
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tres of 61 settlements (identifiable on the topographic
map) were digitised as points and the BU incidence in
1999 was recorded as spatial attribute of each settlement.

• calculation of sample catchment basin boundaries via
an iterative calculation procedure involving the DEM and
the raster map of drainage lines.

From the stream sediment sample location map, the locations of the samples were digitised as points and the
arsenic concentrations (in ppm) were recorded as a spatial
attribute of each sample. The ASTER imagery was also
georeferenced to the same coordinate system using eight
reference points (tie points), which were selected in the
image and which could be identified in the topographic
map. Using an affine transformation, a root mean square
error (RMSE) of 0.58 pixel was obtained in georeferencing
the ASTER imagery.

The catchment basin map of arsenic concentrations was
then classified into a binary map showing arsenic-normal
areas (with ≤ 15 ppm As) and arsenic-enriched areas (with
> 15 ppm As) as shown in Figure 2. About 24% of the
study area is occupied by arsenic-enriched catchment
basins.

For each of the settlements with incidence of BU the percentage prevalence of BU was calculated. Prevalence
expresses cases of a disease in terms of the proportion of
the population afflicted at a specified time [44]. It is
expressed here as the number of BU cases in a settlement
in 1999 divided by the estimated population in 2000
multiplied by 100 to yield a percentage.
Spatial factor maps
The spatial factor maps generated from the stream sediment geochemistry data for use in the spatial analysis
were: (a) map of arsenic-enriched catchment basins; (b)
map of arsenic-enriched farmlands; (c) map of arsenicenriched drainage channels.
Arsenic-enriched catchment basins
The stream sediment geochemical data for arsenic were
initially analysed statistically to determine a threshold
value that divides the data into background (normal)
classes and anomalous (abnormally high) classes of
arsenic concentrations. The data are lognormally distributed and, after removing obvious outliers in the data, a
geometric mean of 8.9 ppm As and standard deviation of
2.8 ppm As were obtained. The threshold value was therefore set at 15 ppm As (i.e., approximately the mean plus
two standard deviations). The spatial distribution of
arsenic was then mapped through the generation of a
catchment basin anomaly map in which a sample catchment basin is assigned the geochemical attribute of the
corresponding sample [45,46]. Generation of sample
catchment basins involved the following steps (using
ILWIS):

• creation of a raster digital elevation model (DEM)
through interpolation of elevation contours;
• generation of raster map of drainage lines; and

Arsenic-enriched farmlands
A supervised classification of ASTER imagery was carried
out to distinguish between the major landcover/landuse
classes known in the area. These landcover classes are (a)
forest areas, (b) residential areas or settlements (bare of
vegetation), and (c) farmlands. Using the available landuse/landcover map and topographic map as references,
training pixels of known landuse/landcover classes were
selected using a colour composite of ASTER bands 2, 3
and 4. These three bands gave the highest optimal index
factor (OIF), which indicates the combination of three
spectral bands that provide optimum information about
landcover [47]. The box classifier [48] was chosen for the
image classification. The classified image (Figure 3),
which was also validated in the field, has an overall accuracy of at least 91% with reference to the landcover/landuse map. The classified image indicates that about 91%
of the area is farmland.

To determine arsenic-enriched farmlands, a Boolean AND
operation was performed by crossing the catchment basin
anomaly map and the classified landcover/landuse image.
About 21% of the total area of farmlands in the classified
image is arsenic-enriched.
Arsenic-enriched portions of the drainage systems
A Boolean AND operation was performed by crossing the
catchment basin anomaly map and the raster map of
drainage lines. About 22% of the total length of drainage
lines is indicated to be arsenic-enriched.
Spatial data analysis
The inhabitants of a settlement earn their livelihoods by
exploiting the resources of the surrounding land. This
land influences their exposure to infections and to environmental factors that dispose to infections. Proximity
analysis was therefore used to determine spatial relationships between BU prevalence per settlement and (i)
arsenic-enriched farmlands and (ii) arsenic-enriched portions of the drainage system. The proximity analysis was
carried in two principal steps. First, maps of distances
from arsenic-enriched farmlands and arsenic-enriched
portions of the drainage system were generated. Second,
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11.
12.

A buffer is a zone of specified distance around a selected
map feature. A GIS creates buffer zones around selected
map features such as arsenic-enriched farmlands and
arsenic-enriched portions of drainage systems. Around
each of these, buffers were set at intervals of 100 m up to
1000 m. Each buffer zone map was crossed with BU prevalence data of settlement to determine how many of these
fall within and outside of the buffer.
At each increasing interval of 100 m, a test of the significance of the difference of the mean BU prevalence within
the buffer and outside of the buffer is made using the t-statistic:

t ij = xi − x j / sp2 (1 / ni + 1 / n j )
where xi , x j are the sample means, sp2 is the pooled sample variance, ni and nj are the sample sizes from population i and j. Using tij and degrees of freedom given by ni +
nj-2, a t distribution look-up table provides the probability, P that the means are significantly different.

Authors' contributions
AAD carried out the research and drafted the manuscript.
EJMC guided parts of the research and both EJMC and MH
reviewed the manuscript.

References
1.

2.
3.

4.
5.
6.
7.
8.

9.
10.

Asiedu K, Etuaful S: Economic and social impact. In BURULI
ULCER: Mycobacterium ulcerans infection Edited by: Asiedu K, Scherpbier R, Raviglione M. World Health Organisation, Global Buruli Ulcer
Initiative, Geneva; 2000:57-60.
World Health Organisation (WHO): BURULI ULCER: Mycobacterium
ulcerans infection Edited by: Asiedu K, Scerpbier R, Raviglione M.
WHO/CDS/CPE/GBUI/1.WHO, Geneva; 2000.
Portaels F, Fonteyne P-A, De Beenhouwer H, De Rijk P, Guédénon
A, Hayman J, Meyers WM: Variability in 3' end of rRNA
sequence of Mycobacterium ulcerans is related to geographical origin of isolates. J Clin Microbiol 1996, 34:962-965.
Portaels F: Epidemiology of Mycobacterial diseases. Clin
Dermatol 1995, 13:207-222.
Portaels F, Chemlal K, Elsen P, Johnson PDR, Hayman JA, Hibble J,
Kirkwood R, Meyers WM: Mycobacterium ulcerans in wild
animals. Rev sci tech 2001, 20(1):252-264.
Johnson PDR, Stinear TP, Hayman JA: Mycobacterium ulcerans – a
mini-review. J Med Microbiol 1999, 48:511-513.
Portaels F, Elsen P, Guimaraes-Peres A, Fonteyne P-A, Meyers WM:
Insects in the transmission of Mycobacterium ulcerans infection (Buruli ulcer). Lancet 1999, 353:986.
Marsolliers L, Robert R, Aubry J, Saint Andre JP, Kouakou H, Legras
P, Manceau A, Mahaza C, Carbonnelle B: Aquatic insects as a vector for Mycobacterium ulcerans. Appl Environ Microbiol 2002,
68(9):4623-4628.
Hayman J: Postulated epidemiology of Mycobacterium ulcerans
infection. Int J Epidemiol 1991, 20:1093-1098.
Meyers WM: Mycobacterial infections of the skin. In Tropical
pathology Edited by: Doerr W, Seifert G. Heidelberg, Germany:
Springer-Verlag; 1995:291-377.

13.

14.
15.

16.
17.
18.
19.

20.
21.

22.
23.

24.
25.
26.

27.
28.

29.

30.
31.
32.
33.

Mitchell JP, Jerret IV, Slee KJ: Skin ulcers caused by Mycobacterium ulcerans in koalas near Bainsdale, Australia. Pathology
1994, 16:256-260.
Portaels F: Etude d' Actinomycétales de l'homme et de son
environment en Afrique Centrale. PhD thesis Université Libre de
Bruxelles, Brussels, Belgium; 1978.
Falkinham JO III, Parker BC, Gruft H: Epidemiology of infection
by nontuberculous mycobacteria. I. Geographic distribution
in the eastern United States. Am Rev Respir Dis 1980,
122:259-263.
Tacquet A, Leclerc H, Devulder B: Epidémiologie des mycobactéries atypiques. Ann Soc Belg Méd Trop 1973, 53:395-403.
Abernathy CO, Lui YP, Longfellow D, Aposhian HV, Beck B, Fowler
B, Goyer R, Menzer R, Rossman T, Thompson C, Waalkes M:
Arsenic: Health effects, mechanisms of actions and research
issues. Environ Health Perspect 1999, 107:593-597.
NRC: Arsenic in drinking water. National Research Council Washington,
D. C: National Academy Press; 1999.
Amofah GK, Sagoe-Moses C, Adjei-Acquah C, Frimpong EH: Epidemiology of Buruli ulcer in Amansie West District, Ghana.
Trans Roy Soc Trop Med Hyg 1993, 87:644-645.
Adu SV: Soils of the Kumasi Region, Ashanti Region, Ghana Soil Research
Institute (CSIR), Memoir No. 18, Kwadaso-Kumasi, Ghana; 1992.
Sarkodie PH, Nyamah D, Amonoo-Neizer EH: Speciation of
arsenic in some biological samples from Obuasi and its surrounding villages. National Symposium Proceedings – The Mining
Industry and the Environment, April 14–15 UST, Kumasi; 1997:146-154.
Alam MGM, Snow ET, Takana A: Arsenic and heavy metal contamination of vegetables grown in Samta village,
Bangladesh. Sci Total Environ 2003, 308:83-96.
Warren GP, Alloway BJ, Lepp NW, Singh B, Bochereau FJM, Penny C:
Field trials to assess the uptake of arsenic by vegetables from
contaminated soils and soil remediation with iron oxides. Sci
Total Environ 2003, 311:19-33.
Lantz RC, Parliman G, Chen GJ, Carter DE: Effect of arsenic exposure on alveolar macrophage function. I. Effect of soluble As
(III) and As (V). Environ Res 1994, 67(2):183-195.
Gonseblatt ME, Vega L, Montero R, Garcia-Vargas G, Del Razo LM,
Albores A, Cebrian ME, Ostrosky-Wegman P: Lymphocyte replicating ability in individuals exposed to arsenic via drinking
water. Mutat Res 1994, 313:293-299.
Lewis TA, Hartmann CB, McCoy KL: Gallium arsenide differentially affects processing of phagolysosomal targeted antigen
by macrophages. J Leukoc Biol 1998, 63:321-330.
Lewis TA, Hartmann CB, McCoy KL: Gallium arsenide modulates
proteolytic cathepsin activities and antigen processing by
macophages. J Immunol 1998, 161:2151-2157.
Stienstra Y, van der Graaf WTA, te Meerman GJ, The TH, de Leij LF,
van der Werf TS: Susceptibility to development of Mycobacterium ulcerans disease: review of possible risk factors. Trop Med
Int Health 2001, 6(7):554-562.
Van der Werf TS, Van der Graaf TA, Tappero JW, Asiedu K: Mycobacterium ulcerans infection. The Lancet 1999, 354:1013-1018.
Rosales-Castillo JA, Acosta-Saavedra LC, Torres R, Ochoa-Fierro J,
Borja-Aburto VH, Lopez-Carrilo L, Garcia-Vargas GG, Gurrola GB,
Mariano EC, Calderón-Aranda ES: Arsenic exposure and human
papillomavirus response in non-melanoma skin cancer Mexican patients: a pilot study. Int Arch Occup Environ Health 2004,
77:418-423.
Gerdsen R, Stockfleth E, Uerlich M, Fartasch M, Steen KH, Bieber T:
Papular palmoplantar hyperkeratosis following chronic
medical exposure to arsenic: human papillomavirus as cofactor in pathogenesis of arsenical keratosis? Acta Derm
Venereol 2000, 80:292-293.
Karcher S, Cáceres L, Jekel M, Contreras R: Arsenic removal from
water supplies in Northern Chile using ferric chloride
coagulation. J Chart Inst Water Environ Manag 1999, 13:164-169.
Aranyi C, Bradof JN, O'Shea WJ, Graham JA, Miller FJ: Effects of
arsenic trioxide inhalation exposure on pulmonary antibacterial defenses in mice. Environ Health J Toxlcol 1985, 41(1):63-72.
Meyers WM, Shelly WM, Connor DH, Meyers EK: Mycobacterium
ulcerans infections developing at site of trauma to skin. Am J
Trop Med Hyg 1974, 23:919-923.
Mensah-Quainoo EK: A study of the magnitude and determinants of Buruli ulcer disease in the Ga District of Ghana. Inter-

Page 9 of 10
(page number not for citation purposes)

International Journal of Health Geographics 2004, 3:19

34.
35.
36.
37.

38.
39.

40.

41.

42.

43.

44.
45.
46.
47.
48.

http://www.ij-healthgeographics.com/content/3/1/19

national Conference on Buruli ulcer Control and Research, Yamoussoukro,
Cote d'Ivoire . 6–8 July 1998
Gorby MS: Arsenic in human medicine. In Arsenic in the environment, Part II: Human Health and Ecosystem Effects Edited by: Nriagu JO.
New York: Wiley; 1994:1-16.
Isensee AR, Kearney PC, Woolson EA, Jones GE, Williams VP: Distribution of alkyl arsenicals in model ecosystem. Environ Sci
Technol 1973, 7:841-845.
Schoolmeester WL, White DL: Arsenic poisoning. South Med J
1980, 73(2):198-208.
Mahieu P, Buchet JP, Roels HA, Lauwerys R: The metabolism of
arsenic in humans acutely intoxicated by As2O3. Its significance for duration of BAL therapy. Clin Toxicol 1981,
18(9):1067-1075.
Ahmann D, Roberts AL, Krumholz LR, Morel FM: Microbe grows
by reducing arsenic. Nature 1994, 371:750.
Pearson AL: A retrospective, applied case study of environmental and host characteristics of Buruli ulcer patients in
the Amansie West District, 1996–1999. Msc Thesis Western
Washington University; 2001.
Glass GE, Schwartz B, Morgan JM, Johnson DT, Noy PM, Israel E:
Environmental risk factors for Lyme disease identified with
geographic information systems. Am J Pub Health 1995,
85:944-948.
Grosset J, Kanga J-M, Portaels F, Guédénon A, Tignokpa N, Scherpbier R, Asiedu K: Country assessment report (Annex 5). In
BURULI ULCER: Mycobacterium ulcerans infection Edited by: Asiedu K,
Scherpbier R, Raviglione M. World Health Organisation, Global Buruli
Ulcer Initiative, Geneva; 2000:87-92.
Amofah G, Bonsu F, Tetteh C, Okrah J, Asamoa K, Asiedu K, Addy J:
Buruli ulcer in Ghana: Results of the national case search.
CDC: Emerging Infectious Diseases 2002, 8(2): [Http://www.cdc.gov/
ncidod/eid/vol8no2/01-0119.htm].
Robb LJ, Yao Y, Armstrong RA, Murphy PJ: Gold in the Birimian
granites of Ghana: a metamorphic origin. In Mineral Deposits:
Processes to Processing Edited by: Stanley. Rotterdam: A. A. Balkema;
1999:1033-1036.
Colton T: Statistic in Medicine Boston: Little, Brown and Company;
1974.
Bonham-Carter GF, Rogers PJ, Ellwood DJ: Catchment basin analysis applied to surficial geochemical data, Cobequid Highlands, Nova Scotia. J Geochem Explor 1987, 29:259-278.
Carranza EJM, Hale M: A catchment basin approach to analysis
of reconnaissance geochemical-geological data from Albay
Province, Philippines. J Geochem Explor 1997, 60:157-171.
Jensen J: Introductory Digital image processing New Jersey: Prentice Hall;
1986:97-100.
Lillesand TM, Kiefer RW: Remote Sensing and Image Interpretation 4th
edition. New York: John Wiley and Sons, Inc; 2000.

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 10 of 10
(page number not for citation purposes)

