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Figure 3. The correlation between the percentage
of wells containing high concentrations of As
(> 50 pg/L) with the percentage of arsenicosis in
each province.

#provinces #wells #wells>50 ug/L

16 445,638 21,155

#provinces population population>50 ug/L
16 21,044,733 587,696

Yu et al., 2007,
EHP 115:636-
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Arsenic and Fluoride Exposure in Drinking Water: Children’s IQ and Growth
in Shanyin County, Shanxi Province, China
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Figure 1. Fraquangy distribution of 10 in 10-yaar-old children from Shanyi county, Shanxi, China, who wars
pxposel te ligh-As water, madiom-As water, and high fluorde cempared with contral groop with Tow-As
and low-fluoride, as well as chiloren residing in Shanxi provinee, China.



Urinary Arsenic Metabolites in Children and Adults Exposed to Arsenic
in Drinking Water in Inner Mongolia, China
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Figure 1. |4} Comparison of PMI in children and adults exposed to different levels of As in drinking water.
Data are shown as geometric mean. (£) GComparison of SMI in children and adults exposed to different
levels of As, Data are shown as geometric mean,

Slalistical signiicance: e < 0,05, compared with childrens contral group; e < 0,05, compared with adull contrel group;
Tp« 0,08, compared with children m 180-po/L exposed group; *p < 0.08, compared with children in 90-pg/L exposed qroup.

ConcrusioNs: Children had higher a capacity for secondary methylation of As than adults when
C.K]JIJSL-"LI to the same concentrations of As n dri_nk_ing walcr. E&pnsurc o As may tncrease the
capacity for methylation in children to some cxtent.



Unventilated Indoor Coal-Fired Stoves in Guizhou Province, China:

Reduction of Arsenic Exposure through Behavior Changes Resulting
from Mitigation and Health Education in Populations with Arsenicosis
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Table 1. Jecurrence ol arsenicosis i Lhree counbies i Guizhow, Ching, in 1994 and 2004,

Mo. cf MNo. ¢f "opulaticn (alin No. ot
Lndemic BACEIT & towrs endemic villages erdemicy lagzas erseniccs|s patients
county 1994 2004 1984 £004 1954 2004 1394 2004
Xingyi . Z 5 H 7 341 4,153 14 177
Xingren 1 3 q 13 14 385 20,1487 1,035 2,250
Anlong Z 3 11 13 12,984 14415 416 364
Tetal & 3 i ¥ 30 535 39,415 2,205 2811

Table 6. Urinary arsenic concentrations (mi/L) in exposad population hatore and after mitigation in 2005 in
Guizhau, China,

2004 paseline survey 2005 survey
aubjoct Mo of cases Miean+ 50 Rangc No. of cascs [can+ 50 Rango
Cantral 0 1045+ 0.046 =06 I (10777 + 0007 (-0 05
Patiant |4 0.138%+ D.200 0.001-173 gl (.04 + 0.009 0.001-0.326

M =221, p< 001 [compared with conlrols). B = 351, p < 0001 (compared with the group of arsenicosis palients belore
intervention), 5t 1.90, p =0.05 (compared with the controls surveyzd in 2004).



Unventilated Indoor Coal-Fired Stoves in Guizhou Province, China; Cellular
and Genetic Damage in Villagers Exposed to Arsenic in Food and Air
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Table 1. Chromasema and OMN& dansage [maap o S0 ol o183 willagers from Jiaele eeinship Saternal contral and sxposed gronps) camgared sl 53 villagers
from MW diatun tovenship lexternal control].
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CoNcLUsIONS: The results showed that long-term As exposure may be associated with damags of chro-
mosomes and DA, gene mutations, gene deletions, and alterations of DINA synthesis and repair abiliry.



rustal Level of As is sufficient to increase groundwater As to > 10
g/L

groundwater As in groundwater
5% volume 7950 ug/l
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Reducing Conditions

Numerous studies including
Zheng et al. Appl. Geochem (2004
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Mobilizable As in Bangladesh Aquifers:
Holocene vs. Deep Pleistocene

Hydr. Cond. (cm/s) ~ Grain Size (%) Dari [As(aq)ot] (ug/L) Sed P-ext & Bulk As(mg/kg) Fe(ll)/Feseq
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Zheng et al. GCA, 2005, 69:5203-5218



As & Au in Carlin Type of Au Ore
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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



The Heterogeneity of Arsenic in the
Crust: A Linkage to Occurrence in
Groundwater?
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Mobilizable As in Bangladesh Aquifers:
Groundwater As in Araihazar
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Mobilizable As in Bangladesh Aquifers:
Holocene vs. Deep Holocene

Hydr. Cond. (cm/s)  Grain Size (%) Bay [As(aq)ot] (ng/L) Sed P-ext & Bulk As(mg/kg) Fe(ll)/Feseq
1.E-08 1.E-06 1.E-04 0 50 100 0O 400 800 O 5 10 1500 05 1.0
0 | | vw::: | L L \
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Zheng et al. GCA, 2005, 69:5203-5218 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 As' Avgbulk sed As Avg sed ext-As’ Ref
ug/l mg/kg mg/kg

Agquifers with low groundwater As

Nayanganj, Araihazar, Dari deeper Dupi Tila <1 23422 (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

Agquifers with elevated groundwater As

Nayanganj, Araihazar, Dari shallow Holocene 135 5.844.2 (n=9) 1.7£1.2 (n=9) | this study
Nayanganj, Araihazar, Bay shallow Holocene 234 4.445.0 (n=11) | 1.4£2.0 (n=11) | this study
Munshiganj, shallow’ 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 DW 1 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

! Average groundwater As concentrations from existing tube wells in the area
: 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
* The three special study area reported by BGS and DPHE, 2001 where wells were installed and cores were taken




1000 mg/kg As in Meghna River Bank Sediment

[As] in Ground water
(<25 m, n=743)
e <1to <50 ug/L

e 50to<100 pg/L
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As In Rocks from New England, USA
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~ 100 mg/kg As in Ultramafic Rocks with < 51 mg/kg S

3586 K. Hutori, Y. Takshashi . Guillai. and B Johansea ~ GCA, 2005
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Ophiolite: Obducted oceanic crust and the subjacent upper mantle.
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Figure 12. Schematc summary of crustal tormation at an actve arc. Mode of nugration of accretionary
complex has been adopted from [Tagami ef al,, 1995]. A recycling of the upper crustal matenals during
subduction process does not change the bulk upper crustal composinon of active continental margin, becausz
accrationury complex rocks and metamorphic rocks wre mostly arc-denvad rocks. Altematively, mflux of
magma could control the composition o7 the upper crust. No general temporal chemical changes in tha
compositions nf the magma showld resnlt m the chsarved homngenerty in chemical compositions Af the
voung Japan upper crust



