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• 全球地表Hg年均浓度分布
图. Seigneur et al.，
2004.
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外部的灰尘
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BGS and DPHE (2001)



Table 1.Maximum permissible limits for arsenic in drinking water in 

different countries

Country Guidelines (µg/L) References

Argentina 50 Firentin et al.,1998

Bangladesh 50 Chakraborti et al.,2004

Chile 50 Caceres et al.,2005

China 50 Gu et al.,2001

India 10 BIS 10500 :1991,Amendment II,2003

Mexico 50 Ongley et al.,2001

Nepal 50 Shrestha et al.,2003

Newzeland 10 R bins n et al.,2003

Taiwan 10 Tseng,1989;Tseng et al.,2005

USA 10 USEPA,2001

Vietnam 10 Berg et al.(2001)



Health effects of drinking water arsenic

 Arsenic-related diseases 

short term: skin lesions, respiratory 
illnesses, and eye problems.  Commonly 
called “black foot disease.”

long term: cancer, heart disease and 
neurological disorders.

 Toxicity: As(III) (arsenite) > As(V) 
(arsenate) >> Organic As (MMA, DMA, 
and arseno-sugar, etc.)

 Dissolved As is highly bioavailable.  
Adsorbed in stomach and intestine, and 
methylated in liver to MMA then DMA. 
New study found ability of methylation is 
key – varies among population.

肠



Fundamentals of Arsenic Geochemistry 

 Arsenate and arsenite dominate

At circum-neutral pH conditions of 
groundwater, Main dissolved species are: 
H3AsO3, H2AsO4

-, HAsO4
2-.

 Redox control

Arsenate is the main form in oxidized 
environment (e.g., surface and near surface), 
while arsenite in control in slightly reducing 
condition.  Under very reducing redox state, 
As will form Fe/S minerals that sequester As.

 Fe-oxides play key role

Main pathways that controls the mobilization 
and fixation of As in natural and remediation 
systems are through various forms of Fe-
oxides and hydroxides.

Arsenate similar to PO4
3-

Strong competition in adsorption

modified from Ferguson and Gavis, 1972

http://www.sciencedirect.com.arugula.cc.columbia.edu:2048/science?_ob=ArticleURL&_udi=B6V78-4H7TCVM-2&_coverDate=10%2F03%2F2005&_rdoc=1&_fmt=full&_orig=search&_sort=d&view=c&_acct=C000002018&_version=1&_urlVersion=0&_userid=18704&md5=b529350fcb57616491b09a6d0468df51


History and Timeline

 Early 1970’s, because sewage bacteria tainted pond and river 

water in rural Bangladesh.  UNICEF spent millions of dollars for 

tube wells to provide “clean” drinking water.  Some local 

people called it “devil water.”

 Cases of arsenic contamination began surface in 1993 (some 

claim to as early as 1985).  Well water never tested for As 

before 1993.

 The international community finally appeared to accept some 

responsibility to solve this mass poisoning of Bangladesh in 

1998.

 Columbia University’s Superfund Basic Research Program was 

first funded in 2001 with focus on the Bangladesh groundwater 

arsenic problem.





Early survey suggest about 1/3 
wells have As above 50 ug/L 
(Bangladesh limit), and 2/3 
above 10 ug/L (WHO limit)

At least 25 million people drink 
tube well water containing 

As > 50 ug/L

The biggest fear is that 
because the effect of drinking 
water As is chronic, people 
(especially kids) have been 

drinking As-laiden water for 
10-15 years, we may see a 

dramatic increase of patients: 
“the worst is yet to come”

Map prepared by J. W. Rozenboom (UNICEF-Dhaka)





Site A, Zheng et al., 2003

Parameters Studied:

 Lithology – color 

quantified by spectro-

reflectance

 Dissolved As profile 



First Order Findings

• Shallow wells (<30 m) dominant, and 

higher % As contaminated wells.  These 

usually tap Holocene grey sediments.  

Those usually have more “mobilizable” As.

• Deeper wells that tap orange Pleistocene 

sandy aquifer are usually safe. 更新世

• Often very old groundwater – a few years 

to thousands of years.



Starting point: As-Fe interactions …

可发酵的

异化的



Abiotic mobilization?

Stute et al, revised & submitted, WRR



Thank you for your 

attentions!


