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Introduction

Interdisciplinary research in North Carolina:
− Occurrence of natural contaminants in private wells
− Geochemical controls
− Social/economic aspects for private well users
− Treatment options for individuals and communities

Uranium (U), radium (Ra),and radon (Rn) in 
drinking water results in elevated cancer risk

Private well usage is widespread in rural areas 
of North Carolina
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Questions...

Previous studies indicate that U, Ra, and Rn 
may exceed drinking water standards in the 
Raleigh, NC area, especially in the Rolesville 
Granite

Will comprehensive geochemical study of well 
water reveal additional, unrecognized controls 
on radionuclide occurrence?
Can radionuclide levels change with time?
Can radionuclide levels be predicted?
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(USGS data)

Piedmont crystalline-rock 
groundwater system



Local flow system
Fractures become less 

numerous with depth
Most wells < 100 m

STORAGE in saprolite

Well samples blend of 
unknown number of 
fractures of unknown 

discharge
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Rolesville Granite
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Rolesville Granite
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Median 228Ra/226Ra activity ratio:

0.7 for waters

1.4 for cores

Ra from the U series is more susceptible to entering 
water than Ra from the Th series

However, all isotopes of Ra “behave” the same 
chemically

Thus, Ra from the U series must be better sited due 
to processes that move U to fracture surfaces more 
effectively than Th

Radium isotope ratio
228Ra / 226Ra



Redox effects on 222Rn/226Ra ratio
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Mechanisms of oxygen reduction

Biotic:
CH2 O + O2 = CO2 + H2 O

O2 and HCO3
- are negatively correlated
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Mechanisms of oxygen reduction

Biotic:
CH2 O + O2 = CO2 + H2 O

O2 and HCO3
- are negatively correlated

Abiotic:
4Fe2+ + 3O2 + 6H2 O = 4Fe(OH)3

Well-documented weathering reaction 
Observed in microfractures of similar granites
Resulting Fe oxide adsorbs U and Ra



Stable isotopes of carbon 
in dissolved bicarbonate

Calcite dissolution  δ13C ≈ 0 ‰

Soil CO2 , microbial respiration  δ13C ≈ -25 ‰

δ13C of bicarbonate



Inorganic carbon

Some inorganic carbon 
(bicarbonate) is from 
microbial respiration, 
probably during 
recharge through the 
soil & saprolite
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Conclusions (1)
Rn and U in water strongly linked to rock type

Ra also higher overall in granite, but capable of 
exceeding drinking water standards in other 
rocks (depending on water chemistry)

Radon much more likely to exceed (proposed) 
drinking water standards

Low 228Ra/226Ra implies that U-series 
radionuclides have been relocated beyond their 
original locations in unweathered bedrock



Conclusions (2)
Unambiguous documentation of redox effect 
across a large range of Ra and Rn activities 

− Large sample size
− Low detection limits

Ra mobility relative to Rn varies by 2 orders of 
magnitude
2 possible mechanisms:

− Oxidation of organic carbon during recharge 
through soil and saprolite (FAST)

− Oxidation of Fe2+ by dissolved oxygen during biotite 
weathering (SLOW)



Conclusions (3)

Both mechanisms suggest that groundwater 
acquires redox chemistry during recharge 
through soil and saprolite

However, radionuclides are acquired in the 
bedrock fracture network (indicated by half-lives 
as short as 3 days), with Ra adsorption 
influenced by redox condition

Changing redox conditions in fractures may 
influence observed Ra levels in wells, but time 
scale is not constrained



Recommendations

Dissolved oxygen 
measurements are 
a useful screen in 
radionuclide 
occurrence studies

Elevated Ra 
coincides with low 
DO

High Rn coincides 
with high DO
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Alpha recoil

226Ra
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