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#provinces #wells #wells>50 ug/L % wells>50 ug/L 
16 445,638 21,155 5
#provinces population population>50 ug/L %arsenicosis
16 21,044,733 587,696 7.5 (10096/135492)
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As in groundwater
7950 g/l

Mobilizable
As in sediment

1 mg/kg

Dissolve
Desorb

groundwater
25% volume 

Solid
75% volume

Reducing Conditions
Numerous studies including
Zheng et al. Appl. Geochem (2004)

Does 1 mg/kg mobilizable As reflect crustal level of As? 

Crustal Level of As is sufficient to increase groundwater As to > 10 
g/L
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As & Au in Carlin Type of Au Ore

Hu et al., Mineral. Dep. (2002)



Zheng, Quartnary Sciences, 2007.
27(1):1-15

Zhou et al., Min. Dep. (2002)





Distribution of documented problems with > 100 g/L As in groundwater in major aquifers (red ). 
Green dots indicate As from geothermal source. Areas in blue are lakes (adopted from Smedley and 
Kinniburgh, 2002).  Lines indicate locations of ophiolite (may contain serpentinites) at convergent 
plate margins: hot pink < 200 Ma BP (Himalaya); dark purple solid: 200 Ma BP – 540 Ma BP (New 
England); and dotted > 540 Ma BP (After map 4, Dann, 1988).

Himalaya
~ 40 Ma

Appalachian
~ 450 Ma





Summary

• Enrichment of As in obducted ophiolitic complexes 
(e.g. ultramafic rocks) has been attributed to As-rich 
marine sediments. 

• More research is needed to ascertain whether the 
heterogeneity of As in the crust implies:
1) sedimentary aquifer down gradient from As-enriched 
source rock is more prone to develop groundwater As 
problem
2) heterogeneity of groundwater As in bedrock aquifers 
is directly related to As distribution in rocks
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Mobilizable As in Bangladesh Aquifers:
Holocene vs. Deep Holocene

Anaerobic P-ext As method:
Jung & Zheng, Wat. Res., 2006, 40:2168



Mobilizable As in Bangladesh Aquifers:
1-2 mg/kg vs. 0.1-0.2 mg/kg

Table 3. Arsenic content of aquifer sediments from Bangladesh

Sample Description Stratigraphy Avg. groundwater As1 Avg bulk sed As Avg sed ext-As2 Ref
g/l mg/kg mg/kg

Aquifers with low groundwater As
Nayanganj, Araihazar, Dari deeper Dupi Tila <1 2.3±2.2 (n=11) 0.2±0.3 (n=12) this study
Nayanganj, Araihazar, Bay deeper older Holocene 10 1.2±0.9 (n=5) 0.1±0.1 (n=5) this study
Munshiganj, deep3 Dupi Tila 4 ~ 1 (n=3) <0.1 (n=3) Swartz
West Bilat Haripur Holocene? <5 0.17 (n=7) BGS,01
Dhaka Dupi Tila <5 0.17 (n=3) BGS,01
Thakurgaon Holocene alluvial fan <5 0.15 (n=2) BGS,01
Khitta Dupi Tila <5 0.13 (n=8) BGS,01
Purba Fargilpur Dupi Tila <5 0.06 (n=7) BGS,01

Aquifers with elevated groundwater As
Nayanganj, Araihazar, Dari shallow Holocene 135 5.8±4.2 (n=9) 1.7±1.2 (n=9) this study
Nayanganj, Araihazar, Bay shallow Holocene 234 4.4±5.0 (n=11) 1.4±2.0 (n=11) this study
Munshiganj, shallow3 Holocene 250 ~ 2 (n=27) <0.1 (n=27) Swartz
Chanlai DW2 Holocene 2.53 (n=8) BGS,01
Lakshmipur piez4 Holocene 425 2.3±1.0 (n=6) 2.13 (n=49) BGS,01
West Latifpur Holocene 1.7 (n=5) BGS,01
Ch. Nawabganj piez4 Holocene 268 5.8±5.0 (n=4) 1.57 (n=19) BGS,01
Bhimpur Holocene 1.38 (n=6) BGS,01
Rajarampur DW1 Holocene 1.07 (n=16) BGS,01
Pirgacha Holocene 0.85 (n=3) BGS,01
Faridpur piez4 Holocene 231 1.3±0.5 (n=5) 0.48 (n=43) BGS,01

1 Average groundwater As concentrations from existing tube wells in the area
2 Average extractable As from sediment by phosphate (this study and Swartz) and by oxalate (BGS and DPHE, 2001)
3 Average for data in Munshiganj was based on depth profile only
4 The three special study area reported by BGS and DPHE, 2001 where wells were installed and cores were taken
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Jung et al. in prep.



As in Rocks from New England, USA
Groundwater As
Data source:
Ayotte et al. 
ES&T 2003
USGS
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Basic Rocks Handbook of Geochemistry,
Wedepohl (ed.), 1969-1978

As-rich minerals=?



Acidic Rocks
Handbook of Geochemistry,
Wedepohl (ed..), 1969-1978

As-rich minerals=?



~ 100 mg/kg As in Ultramafic Rocks with < 51 mg/kg S
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145
2749

54
62 6

275
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Substitute Si(IV) in antigorite. 
(Mg, Fe) 3  Si 2 O 5(OH) 4) 

Sorbed on magnetite and 
serpentinite

GCA, 2005



Ophiolite: Obducted oceanic crust and the subjacent upper mantle. 


