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Introduction =
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e Arsenic geochemical controls are dependent on
nydrogeochemical setting and can be highly
ocalized

e Important to understand what causes naturally-
occurring arsenic to be mobilized and accumulate
in groundwater at potentially dangerous
concentrations

e Bioavailable organic matter recently (past ~ 20
years) postulated to facilitate the microbially-
mediated mobilization of geogenic arsenic,
although details of mechanistic understanding
remain unclear



Objectives

e Explain the predominant geochemical controls
on arsenic mobilisation

e Recognize how we can categorize organic
matter into different fractions and how this
might relate to arsenic mobilization

e Recognize the potential role of organic matter
in mobilising arsenic from iron (oxyhyr)oxides



GEOCHEMISTRY OF ARSENIC-
CONTAMINATED GROUNDWATER



As speciation
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Geochemical controls on As TIDIE

e From last time:

- Reductive dissolution and alkali-
desorption (RD) controls the majority of high-
As systems worldwide

* RD of iron (oxyhydr)oxides the most important
mechanism in South/South East Asia

e Reduction of iron oxides redox controlled
= Do we get higher or lower As with depth?

(Ravenscroft, 2007) (OA)



As mobilisation and depth TIDE iEE
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ADSORPTION AND DESORPTION OF
ARSENIC ON MINERAL PHASES



As adsorption/desorption on minerals NI E

e Main sorbents are iron oxyhyr(oxides) for
arsenic in aquifers and soils

— Ferrihydrite  Fe**100-14[0H],
— Goethite a-FeO[OH]

e Clay minerals follow similar patterns to above,
less adsorbed per unit mass

— Kaolinite  AlLLSi,05(0H),
— lllite  (K,H,0)(Al,Mg,Fe),(Si,Al),0,,[(OH),,(H,0)]

— Montmorillonite (Na,ca),..(Al,Mg),(Si,0,,)(OH),-nH,0

* Phosphate sorption? (Feng et al., 2013) (OA)



As adsorption/desorption on minerals
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e Adsorption of arsenate onto most oxides and clays
decreases significantly at pH > 8.5 - ‘Alkali-desorption’



ORGANIC MATTER AND ARSENIC



Categorization of organic matter T[|[D|=

e Types of organic matter (OM):
- Sediment-bound OM
- Sources of petroleum

- Surface-derived OM (ingress through
ponds/wetlands/groundwater pumping)

- Plant-derived OM
* Organic matter contribution to As

mobilisation?

(Lawson et al., 2013) (OA)



Organic matter mediated mobilisation ][ID]=

e Reductive dissolution mediated by organic
matter

CO,
OM acts as an (oo
electron donor to |- +

reduce oxides DOM (3s)
OM and As in @/

competition for
sorption sites on

. Produced by George Wilson from an
Fe'OX| d eS adaption of Oremland and Stolz, (2003)
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Organic matter mediated mobilisation [{|D}2

e Reductive dissolution mediated by organic
matter

CO,
OM acts as an (oo

electron donorto |- Q +

reduce oxides DOM - m
OM and As in @/

competition for
sorption sites on

. Produced by George Wilson from an
Fe'OX| d eS adaption of Oremland and Stolz, (2003)




Surface-derived organic matter hypothe5|s

Surface-derived organic matter 4
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Groundwater
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SUMMARY



Summary

e Arsenic speciation is important to
consider - arsenite/As(lll) is typically more
mobile and difficult to remove than
arsenate/As(V)

e [ron (oxyhydr)oxides regulate the release
of arsenic in most of As-affected
groundwaters

e Organic matter, particularly its type, is
thought to play a significant role in the
mobilisation of groundwater arsenic



LEARNING EXERCISE



Learning exercise

1. List and describe two expected geochemical
controls on arsenic mobilization for a setting
along the Ganges

2a. Explain how organic matter could potentially
increase arsenic concentration in groundwater

2b. How might the type of organic matter affect
this?
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