
Geohazards  
 

Discoverer of arsenic in Bengal’s water supply speaks out (March 2006) 

Indian analytical chemist Dipankar Chakraborti of Jadvapur University, Kolkata was born and 
raised in one of West Bengal’s many small villages on the delta plains of the Ganges. Paying 
a visit to a friend’s village in 1988, he found people bearing visible symptoms of chronic 
arsenic poisoning, which had not been diagnosed before. Analysing samples of well water, 
Chakraborti found extremely high levels of the poisonous element. For years he was reviled 
by government agencies who paid no heed to his discovery, calling him a ‘panic monger’ – 
when more recently showing that Bihar and Assam had similar problems he received death 
threats. Almost single-handed he campaigned for attention to the undoubted problem, until 
in the mid 1990s it became clear that arsenic in drinking water from recently sunk wells was 
a plague of biblical proportions across low-lying West Bengal and neighbouring Bangladesh. 

Massive funding, both for establishing the extent and distribution of the contamination and 
for installing means of removing arsenic from well water, flowed form a host of 
international donors and agencies. To the outside world it has seemed that the tragedy was 
being remedied by hugely qualified teams of international scientists, and would eventually 
be held in check. As revealed in a recent interview (Pearce, F & Chakraborti, D. 2006. 
Drinking at the west’s toxic well. New Scientist, 1 April 2006 issue, p. 48-49), Chakraborti 
believes that intervention at national and international levels is doing far less than claimed, 
even exacerbating the problem by pouring in remedial filtration units without teaching 
villagers to maintain them. Locals’ are encouraged to trust the remedies, yet continue to 
drink highly contaminated water once the units clog with silts. 

 

Timely review of nuclear waste disposal (March 2006) 

The grand old man of biogeochemistry and the Gaia hypothesis, James Lovelock, seems to 
have lost patience with life’s ability – and that of alternative energy resources – to keep the 
Earth system in balance. His view that global warming is past the point of no return as 
regards ‘green’ remedies has been widely publicised in recent months: he has come out in 
favour of an increase in the contribution of energy by nuclear reactors. He may have fallen 
out with many environmentalists, but may also have become an ally of politicians who are 
looking to nuclear power as a way of maintaining ‘business as usual’ yet putting their money 
where their mouths are, as regards reducing carbon emissions.  Nuclear power may yet 
have a resurgence, but that would pose again the thorny problem of secure disposal of 
radioactive wastes. Sweden supplies almost 50% of its electricity using eleven nuclear power 
stations: the highest number per capita anywhere, despite the country’s otherwise ‘green’ 
outlook. Should nuclear power rise rapidly elsewhere, then Sweden’s approach to waste 
disposal may well become a model to follow.  What that system is summarised in a recent 
issue of New Scientist (Nielsen, R.H 2006. Final resting place. New Scientist, 4 March 2006, p. 
38-41).  

Sweden has discovered quite a challenge at its experimental nuclear-waste disposal facility, 
even though most of the country’s rocks are hard and crystalline, and therefore seemingly 
ideal for disposal sterilised from the outside world. Despite the common view that 



crystalline basement is totally impermeable, in reality it is not. Water will be present in any 
rocks used to cache waste, unless they are beneath almost totally arid deserts, of which only 
the USA among developed countries has one. It is also becoming increasingly clear that even 
at great depths, extremophile organisms infest the rock. Among the most common are 
those that use the reduction of sulfate to sulfide ions as a metabolic energy source: they 
produce sulphuric acid. That seems a considerable risk to the integrity of whatever form the 
waste is stored in. The response of the Swedish researchers has been to look for lateral 
solutions that either kill off the bacteria using clay packing, or exploit the potentially 
preservative effects of others.  

 

San Francisco centenary (May 2006) 

That 18 April was 100 years since the Magnitude 7.9 earthquake that raised San Francisco to 
the ground and killed more than 3000 is no cause for celebration. Yet it focussed 
seismologists to commemorate the event, as if that was necessary following hard on the 
heels of two of the most shattering natural events of the last century. In fact San Francisco 
created the science of seismology, rocking as it did the most vibrant city in the world’s 
emerging superpower. It brought the San Andreas Fault into common parlance, and 
research on that huge and structurally odd fracture – one of the largest transcurrent 
systems on the continent – played a major role in the development of plate tectonics. In the 
US, a century of attention to seismic hazards has made it, along with Japan, the leader in 
attempts to forecast earthquakes and subdivide half a continent in terms of seismic risk (see 
Here is the earthquake forecast July 2005). 

The 1906 San Francisco earthquake is reviewed in three generalist journals (Lubick, N. 2006. 
Breaking new ground. Nature, v. 440, p. 864-865; DOI:10.1038/440864a. Holden, C. 2006. 
Reliving the ‘Frisco quake. Science, v. 312, p. 345; DOI: 10.1126/science.312.5772.345d. 
Marshall, J.  2006. 100 years on, you’d think San Francisco would be ready. New Scientist, v. 
190 15 April 2006, p. 8-11). In each, different graphics show the estimated risk of 
earthquakes and the degree of seismic hazard in relation to the many large faults in 
California. Yet the Sumatra-Andaman earthquake that set the Indian Ocean tsunamis in 
motion on 26 December 2004, and that in Kashmir in October 2005, between 20 and 40 
times more energetic than San Francisco, killed hundreds of times more people and 
devastated the lives of millions more. As well as more widely deploying well-known, 
sensible and moderate-cost measures to build and site habitations more safely as regards 
the shaking effects of seismic waves, a great deal is left to learn about the global nature of 
earthquake hazard. A first step is better understanding the actual processes to which great 
earthquakes are related, and lessons are beginning to stem from the research on the Sunda 
subduction zone, whose movement unleashed terror around the entire Indian Ocean 
(Briggs, R.W. and 13 others 2006. Deformation and slip along the Sunda megathrust in the 
great 2005 Nias-Simeulue earthquake. Science, v. 311, p. 1897-1901; DOI: 
10.1126/science.1122602). The Nias earthquake involved failure of the Sunda subduction 
zone in a 400 km gap between that affected by the Sumtra-Andaman event of 2004 and a 
stretch further to the SE that had three great earthquakes between 1797 to 2000; i.e. a 
previously quieter sector had succumbed to tectonic forces. That emerged from seismic 
analysis at the University of Ulster (see Yet more Indian Ocean earthquakes? Sadly, yes April 
2005). Briggs et al. examined hundreds of patches of coral reef around the islands of Nias 
and Simeulue, using preciseGPS measurements of the elevation of coral heads that had 
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been uplifted and killed by exposure to the air. Their results show that uplift was as high as 
3 metres with some areas subsiding by around a metre, but the total movement by 
thrusting beneath the islands was of the order of 11 metres. 

  

Evidence for strain build up along faults in southern California (August 2006) 

 

The southern San Andreas Fault on the Carrizo Plain in California 

In the centenary year of the 1906 San Francisco earthquake a lot of attention has been paid 
to the northern part of the infamous San Andreas Fault. That avoids the fact the its 
southerly extension to the south-east of Los Angeles has not ruptured in a devastating way 
for at least 250 years. Faults break after protracted build-up of elastic strain. Such strains 
are detectable using data from spaceborne radar systems. These have been available since 
1992 from the European Space Agency ERS-1 and ERS-2 satellites. A sequence of data sets 
provides information about the annual rate of deformation (Fialko Y. 2006. Interseismic 
strain accumulation and the earthquake potential on the southern San Andreas fault 
system. Nature, v. 441, p. 968-971; DOI: 10.1038/nature04797). Fialko shows that the 
parallel San Andreas and San Jacinto faults near the Salton Sea are building up strain at 
about 3 cm per year, so that about 7 to 10 metres will have accumulated since the last 
major earthquake in that part of the system. This exceeds the largest known seismic 
movement on the system, thereby suggesting that Los Angeles is likely to experience a ‘big 
one’ shortly. 

https://igppweb.ucsd.edu/~fialko/Assets/PDF/fialkoNature06.pdf
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https://igppweb.ucsd.edu/~fialko/Assets/PDF/fialkoNature06.pdf


 

Supervolcanoes (August 2006) 

 

The Long Valley caldera, eastern California (Credit: USGS) 

Outside of a major meteorite impact, the greatest danger posed by geological processes is a 
monster volcanic eruption. As well as the close-by effects of massive debris avalanches and 
ash falls, explosive eruptions blast sulphur gases into the stratosphere where they reside for 
a long time as sulphuric acid aerosols. Clouds of these tiny particles reflect a proportion of 
solar radiation back into space and so cause global cooling. The eruptions of Pinatubo and 
Krakatau in recent historic times did just that, as have several others with more devastating 
global effects such as famine. Yet these are tiny compared with eruptions known from the 
recent geological past that are marked by ash deposits over vast areas. About 71 ka ago, 
Toba in Indonesia  blasted out a 30 by 100 km caldera and its ash extends across much of 
south Asia and surrounding ocean floors. Genetic evidence from human Y-chromosomes 
suggests a massive decline in human numbers at the time, to create an evolutionary 
bottleneck. This near-extinction may have been connected in some way to eruption of the 
Toba supervolcano. Such events are a more likely risk than impacts, and a recent review of 
research into them highlights those that are well-known (Bindeman, I.N. 2006. The secrets 
of supervolcanoes. Scientific American, v. 294, p. 36-43; DOI: 
10.1038/scientificamerican0606-36). The western USA has two potential threats: calderas in 
Yellowstone National Park and Long Valley. Between 760 and 640 ka both exploded to 
blanket the whole southern USA and northern Mexico with around 1000 cubic kilometres of 
ash. Bindeman’s own research sheds light on the details of magma evolution during such 
eruptions using isotopic signals in zircons contained within ash deposits. 

 

Tsunamis in the Mediterranean (December 2006) 

It isn’t just submarine seismic activity that can trigger tsunamis, but any means of mass 
displacement of water, such as large landslides in coastal areas. Evidence for what may have 
caused a massive tsunami within the Mediterranean basin 8 thousand years ago has 
recently emerged (Pareschi, M. T. 2006. Lost tsunami. Geophysical Research Letters, v. 33, 
L22608, doi:10.1029/2006GL027790). That such an event took place comes from evidence 
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in cores from the deep parts of the Mediterranean and Ionian Seas that shows sudden 
redistributions of fine-grained sediment in the form of turbidite flows. 

The most likely culprit was the Sicilian volcano Etna. On its southern flank is a large scar 
known as the Valle del Bove, formed by a massive sector collapse. The nearby sea bed is 
coated with debris estimated to have a volume of 35 km3, which surged into the Ionian Sea, 
probably at a speed around 400 km h-1. Pareschi et al. model the effects of this collapse to 
predict where significant damage would have occurred. The largest tsunamis would have 
struck the eastern coast of Greece, but that is rocky and evidence is hard to find. However, 
the authors found that sudden abandonment of a Neolithic coastal village in Israel occurred 
at about 8 ka. 

The greatest threat of tsunamis generated by volcano collapse lies in the oceanic Canary 
Islands, where the volcano Cumbre Vieja is potentially unstable should an eruption begin. A 
massive sector collapse there would generate tsunamis that would wash up on both sides of 
the North Atlantic, where many major cities would be at risk of devastation. 

See also: Pasotti, J. 2006. Ancient cataclysm marred the Med. Science, v. 314, p. 1527; DOI: 
10.1126/science.314.5805.1527a.         

 

Arsenic contamination drags on (December 2006) 

Since the effects of arsenic contaminated groundwater on people’s health in West Bengal, 
India were first observed in 1983, what many consider potentially to be the worst public 
health crisis in human history has expanded. The contamination is through purely natural 
processes that take place in some alluvial sediments that are otherwise excellent aquifers. 
The iron hydroxide goethite is able to adsorb a range of ions to spaces in its open structure. 
In that respect it performs an important purifying role when it coats sedimentary grains in 
oxidizing conditions, removing many trace elements, including arsenic, that might pose a 
hazard should their concentrations rise in groundwater. Unfortunately, if beds of sand are 
interleaved with peats or contain large amounts of incompletely decayed plant remains, 
reducing conditions may develop so that goethite breaks down and releases its adsorbed 
ions. That is what has happened in West Bengal and neighbouring Bangladesh in the 
uppermost aquifers beneath the Ganges-Brahmaputra plains. The crisis began when wells 
were dug to replace biologically contaminated surface water supplies with what seemed 
guaranteed to be safe groundwater. Signs of arsenicosis are now emerging in other low-
lying plains, such as those of Vietnam and Cambodia, and in the higher-level alluvial areas of 
Nepal, affecting as many as 100 million people, and many other high-density populations 
that live on alluvial plains globally may face the threat. 

The endemic arsenic hazard from groundwater in West Bengal and Bangladesh became 
world news after an international conference of arsenic experts in Kolkatta (Calcutta) during 
1995. In 1998, systematic detailed analysis of Bangladeshi groundwaters from about 3500 
wells began, and maps showing the areas most at risk were published in 2001. Fortunately, 
since 1999 more rapid analysis of arsenic to define waters above and below the local 
standards has identified 1.5 million wells that are contaminated and 3.5 million that are 
below the local maximum (Ahmed et al. 2006. Ensuring safe drinking water in Bangladesh. 
Science, v. 314, p. 1687-1688; DOI: 10.1126/science.1133146), but most wells remain 
untested. Ahmed et al. discuss several means of mitigating the problem that could probably 
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be applied elsewhere. What is very clear is that much-publicised means of removing arsenic 
from contaminated water are simply insufficient, less than 2% of the exposed population 
being able to drink safe water that has been treated. The most easily deployed ways of 
avoiding exposure have been switching to wells known to have arsenic below the danger 
level, either shallow wells that have been tested or deep wells that do not suffer from the 
problem, yet 57% of the exposed population have no solution. 

The tragedy lies in the long delay from discovery to action, because the onsets of arsenicosis 
and arsenic-induced cancers occur 10 to 15 years after first exposure to hazardous 
concentrations in drinking water. The only means of preventing the symptoms is to stop 
drinking contaminated water as soon as it is identified. 

 


	Discoverer of arsenic in Bengal’s water supply speaks out (March 2006)
	Evidence for strain build up along faults in southern California (August 2006)
	Supervolcanoes (August 2006)
	Tsunamis in the Mediterranean (December 2006)
	Arsenic contamination drags on (December 2006)

