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Arsenic tragedy in Bangladesh (July/August 2004) 

Mottling of the hands with dark lesions (keratoses) is a typical symptom of arsenic poisoning 

Almost 35 million people in Bangladesh are probably drinking well water that contains 
arsenic well over the accepted safe limit (0.01 mg l-1).  Why that is so is one of the most 
tragic ironies of our age.  In an attempt to reduce the incidence of gastrointestinal disease 
from drinking polluted surface water, the government, with assistance from international 
agencies, sank millions of tube wells from the 1970s onward.  The wells tapped abundant 
and seemingly clean groundwater from the alluvium beneath the extensive Brahmaputra 
and Ganges plains.  Health problems dropped dramatically, especially among children.  But 
by 1983 a Calcutta dermatologist reported skin lesions on patients from neighbouring West 
Bengal in India that are a sure sign of arsenic poisoning.  Even though the British Geological 
Survey conducted a pilot survey of water chemistry in some Bangladeshi well waters in 
1991, the danger from arsenic remained unknown; BGS did not test for the element, despite 
routinely analysing it in British groundwater.  Shortly after the report was published, typical 
symptoms of arsenic poisoning appeared from a wide tract of low-lying Bangladesh.  
Dermatological symptoms generally only start to appear about 10 years after individuals are 
exposed to low, but dangerous levels of arsenic in water.  They are followed by a variety of 
cancers (of the skin, bladder, liver and kidneys) at around 20 years from the start of 
exposure.  A number of affected Bangladeshi people have taken legal action against BGS for 
negligence (see British Geological Survey sued over arsenic October 2002).  However, on 
appeal against a legal decision to put their case to trial, Britain’s Natural Environment 
Research Council, of which BGS is a part, were judged to be too distant from the villagers to 



have had a duty of care.  The issue will not go away, and informing as many people as 
possible about the arsenic tragedy, its causes and possible remedies is vital.  This has been 
taken a step forward by a clear review article by a Bangladeshi health scientist, Mushtaque 
Chowdhury who co-chairs the UN Millennium Project’s task force on child and maternal 
health (Chowdhury, A.M.R. 2004.  Arsenic crisis in Bangladesh.  Scientific American, August 
2004, p. 70-75). 

 

Archaeology and fluorine poisoning 

In 1783, the Icelandic fissure volcano Laki erupted.  One in five Icelanders perished, partly 
because most of their livestock died in the eruption’s aftermath, but also because of direct 
effects from the geochemistry of the lava.  The effects spread to much of continental 
Europe, but with less gruesome results.  There are many archival reports of the presence of 
a bluish-grey haze or “dry fog” and an acrid smell to the air – probably high sulphur dioxide 
levels.  There was an increase in mortality in Europe too, with 25 % more deaths over and 
above the annual norm in France, possibly exacerbated by the fog’s coincidence with a 
scorching summer.  The politician-scientist Benjamin Franklin was the first to make the 
connection between news of the eruption, atmospheric oddities and spectacular sunsets.  
The spread of volcanic emissions far and wide at the surface can be put down to the 
relatively quiet effusion of lava from Laki; explosive eruptions generally jet gases and ash 
upwards to reach the stratosphere.   

The principal killing agent was the fluorine-rich nature of the gas and ash from Laki, which 
induced a rapid onset of bone-diseases in humans and livestock alike.  That is something 
special to Icelandic magmatism, the only significant, above-sea level part of a mid-ocean 
ridge system.  However, fluorine compounds commonly occur in some volcanic ashes, and 
mortality spread beyond the immediate effects of volcanism is a major threat.  Currently, 
archaeologists and pathologists are exhuming burials from the time of Laki’s last known 
killer eruption to seek statistics on the influence of fluorosis in its human victims (Stone, R.  
2004.  Iceland’s doomsday scenario?  Science, v. 306, p. 1278-1281; DOI: 
10.1126/science.306.5700.1278).  The signs are bony nodules and spiky fibres that fluorine 
ingestion, most disastrously from water, produces.  Early results reveal many skeletons with 
clear malformation.  Fluorosis leads to a hugely painful and lingering death.   

 

Nodular growths on the pelvic bone of an Icelandic woman who died in 1783. 

http://cypresshs.org/view/25844.pdf


Egil Skallagrimsson, the subject of Egil’s Saga, was, by that account, a formidable and 
extremely scary man, as well as a poet. He was far larger than his contemporaries and had 
an exceptionally large head, “hard enough to resist a blow from the reverse side of an axe”. 
The saga also recounts his dreadful deeds as a berserker. The description of his skull 
“...ridged all over like a scallop shell... ’’ and of his bones, which were said to carry spiny 
outgrowths, suggests he may have been afflicted by chronic fluorosis, yet he lived into his 
80s. 

 

Bacterial reduction of arsenic contamination (December 2004) 

Following the tragic discovery ten years ago that tens of millions of Bangladeshis drink 
groundwater that is naturally contaminated by arsenic (see Arsenic tragedy in Bangladesh 
above), the lessons learnt there have been applied on a global scale.  That has resulted in 
further cases with similar causes coming to light.  Remediation is chemically quite simple, 
and since the US reduced the maximum permissible arsenic level in public water supplies 
from 50 to 10 parts per billion in 2001 research into methods of removal have increased 
rapidly.  There are a number of methods that are based on adsorption of arsenic by iron and 
aluminium hydroxides and are low-cost.  But it seems that biological activity in aquifers can 
be equally effective (Kirk, M.F. et al. 2004.  Bacterial sulphate reduction limits natural 
arsenic contamination in groundwater.  Geology, v. 32, p. 953-956; DOI: 10.1130/G20842.1).  
In the anaerobic conditions that favour the dissolution of iron hydroxide, which is often the 
most important source of arsenic in sediments, the conditions are also suitable for 
chemotrophic bacteria.  Among these are species that obtain metabolic energy from the 
reduction of sulphate ions to sulphide.  Where metal ions are also present, they combine 
with the sulphur to precipitate sulphide minerals.  In turn, sulphides readily accept arsenic 
from solution, thereby helping decontaminate potentially dangerous groundwater.  Arsenic-
bearing groundwater is also found to have high methane levels, which suggests that 
methanogenic bacteria dominate its micro-ecosystem when sulphate ions are at low 
concentrations.  Perhaps it will prove possible to encourage sulphate-reducers to thrive in 
such waters, by the addition of some sulphate by injection.  That would a cheap remedy to 
what seems to be a growing risk in areas that extract groundwater from aquifers that are 
full of organic matter that creates the oxygen-free conditions that release arsenic into 
solution. 

 

Bacteria signal buried contamination (December 2004) 

Bacteria in groundwater seem to have another benefit.  Where landfill contaminates 
subsurface waters with a cocktail of pollutants, the nutrients encourage bacterial 
colonisation, often in the form of biofilms in pore spaces.  It seems that their metabolism 
generates electrical currents (Naudet, V. et al. 2004. Groundwater redox conditions and 
conductivity in a contaminant plume from geoelectrical investigations. Hydrology and Earth 
System Science, v. 8, p. 8-22; DOI: 10.5194/hess-8-8-2004).  These create electrical 
potentials of several hundred millivolts that are easily detected by passive electrical 
monitoring.  The voltage highs occur at the margins of pollutant plumes in the groundwater, 
and can therefore be used to monitor spread of contamination and to indicate safe supplies. 

https://www.gwb.com/pdf/pubs/Geology_As.pdf
https://www.gwb.com/pdf/pubs/Geology_As.pdf
https://www.hydrol-earth-syst-sci.net/8/8/2004/hess-8-8-2004.pdf
https://www.hydrol-earth-syst-sci.net/8/8/2004/hess-8-8-2004.pdf


See also: Gosline, A. 2004.  Bug “batteries” send out pollution alert.  New Scientist !8 
December 2004, p. 17 
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