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World-wide problem of elevated groundwater arsenic
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Arsenic of natural origin is sufficient to increase water As to > 10 ug/L

groundwater
25% volume

Solid
75% volume

As 1in groundwater
7950 ng/l

Reducing Conditions

Numerous studies including
Zhenget al. Appl Geochem (2004)
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Arsenic is released at a rate of ~ 20 ug/L per year



Sampling of groundwater

786 samples were collected from private bedrock wells of 12 towns in Kennebec county,
Maine from May 25 to Oct 18, 2006 by Maine Geological Survey/USGS, and analyzed for
27 elements and 6 anions by HR ICP-MS at Lamont and IC at Queens College.
Temperature, conductivity, pH, and DO were measured in the field. Radon was determined
immediately after returning from field at U of Maine.

Statistics of 12 towns in Kennebec County, Maine

Total population: 54,428, total household: 22,658; Total area: 1,069 km?2 (US census 2000)
About 42% of Maine's citizens use a private groundwater well for their household water
supply: Individual drilled well: 32.5%, Individual dug well: 9.4%.(US census 1990)
Sampling density: an average of 1 sample was taken for every ~9 households with
private well, and every ~1.4 km?




Comparison of our study scheme with the previous studies on
groundwater As in Maine and New England

Researcher (vear)

Study area

Number of S ampling

Aydite et al (1999)

New England

Sampling density

800 public wells + 190 private wells

Percentage of elevated As

1 sample every 183 km2

2% >5 ug/L

10-15% > 50 ug/L

Peters et al (1999)

New Hampshire

992 drinking water from households

1 sample every 24 km2

15% of domestic bedrock well > 10 ug/L

3% of domestic bedrock wel > 50 ug/L

Loiselle et a (2002)

Maine

(Towns of Buxton and Hollis)

1200 private domestic wells

1 sample every 151 km2

12-13% > 10 ug/L
1-3% >50 ug/L

Ayatte et al (2003)

New England

30 unconsolidated aquifer
28 calcareous metamorphic bedrock
30 undifferentiated metamorphosed

marine sediment and felsic igneous rock

1 sample every 2061 km2

3%> 10 ug/L
29% >10 ug/L
7%> 10 ug/L

Peters et al (2003)

South central New Hampshire

127 bedrock wells

1 sample every 1.8 km2

62% >10 ug/L

Lipfertet al (2006)

Maine (Northport)

35 bedrock wells

7 driftwells

1 sample every 0.05 km2

5% > 10 ug/L

Present study

Maine (Kinnebec county)

786 domestic bedrock wells

1 sample every 1.4 km2

31% >10 ug/L
5% > 50 ug/L
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As (ug/L) Frequency Percentage Cumulative%
<10 540 68.6 68.6
10~49 209 26.6 95.2
50~99 27 3.4 98.6
>100 11 14 100.0

Maximum As: 325 ug/L



Arsenic distribution

0 7,
e

i

Preliminary As values (ug/l)
e  No detect

@ <5
O 510

QO 1020
O 2050

@® = (-325 ug/L




Wells with low CI (< 30 mg/L) have higher percentage of >10 ug/L As

Percentage of samples
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Chloride concentrations in the Blackstone, Merrimack, and
Connecticut Rivers have increased steadily since the beginning
of the 20th century.



Presumably aged groundwater

Presumably young

(High pH + Low DO + Low ClI) groundwater
As (ug/L Frequenc Percentage Cumulative? As (ug/L Frequenc Percentage Cumulative?
<10 131 48.5 48.5 <10 409 79.1 79.1
10~49 118 43.7 92.2 10~49 91 17.6 96.7
50~99 17 6.3 98.5 50~99 10 1.9 98.6
>100 4 1.5 100.0 >100 7 1.4 100.0

Number of samples: 270
Median: 10.42 ug/L
Average: 18.92 ug/L

Percentage (%)

= 8888383388

o
1

B Presumable young GW‘
B Presumably aged GW

<10 10~49 50~99
As (uglL)

2100

Number of samples: 516
Median: 2.14 ug/L
Average: 8.81 ug/L



1. Desorption of As(V) from Iron oxyhydroxides due to increase of pH
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2. Reductive dissolution of Iron oxyhydroxides
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Inverse relationship

between As and Fe, Mn
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3. Oxidation of sulfide mineral
(1) Groundwater samples containing high As frequently have low DO (<1 mg/L)

(2) The pH is weakly alkaline (mean pH : 7.6)

If sulfide oxidation is the direct As mobilization Mechanism, pH is likely to be
acidic.

(3) Sulfate concentration in groundwater samples is relatively low
(Mean SO4 = 15 mg/L)

(4) Sulfide minerals, especially pyrrhotite (FeS-FeS,) are abundant in the
graphitic sulfide-rich schists (Ferry, 1981)
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Proposed combined mechanism of As mobilization in Maine bedrock aquifer

'. A Domestic well

‘Road Salt

[ ]
Arsenical pyrite .
Or arsenopyrite Oxic

N\

CaCO, + H* + Fe?* + As = Ca?* + HCO," + FeC%V
S
A Calcite
Solid-As + OH- = sold-OH + As o \
\ e

Elevated As groundwater characterized by high pH, low DO, low C|, and low Fe

A\

FeS, (As) + O, + H,0 =Fe?* + H* + SO % + As




Conclusions

A significant percentage (31%) of domestic well waters from Greater Augusta
area contained > 10 ug/L As, with a maximum As level of 325 ug/L.

If same occurrence rate is assumes for the entire Kennebec county, Maine,
then ~14,782 households are exposed to As greater than EPA-MCL of 10 ug/L.

Elevated As (> 10 ug/L) is distributed more frequently in the wells tapping
Silurian calcareous metamorphic rock (see Jung et al. poster).

Groundwater samples containing high pH (2 7), low DO (< 1 mg/L), and low CI
(< 30 mg/L) showed higher percentage of elevated arsenic, which suggests
that aged and evolved groundwater tends to contain hlgher As.

Elevated As in Maine groundwater seems to result from combined
mechanisms including sulfide oxidation and neutralization by calcite along the
groundwater flow path (see Yang et al. poster).

29 % of groundwater samples were found to contain elevated Rn and
frequently distributed in the wells tapping undifferentiated metamorphic rock or
felsic igneous rock (see Smitherman et al. poster).



Future Studies

1. To evaluate the percentage of domestic wells with elevated As in different
bedrock geologic unit based on Augusta regional (2006) and cluster (2007)
sampling.

2. To estimate population exposed to elevated As in New England based on this
work and previous high density sampling.

3. Hydrogeological investigations of a high As cluster area in Greater Augusta,

following established USGS Mirror Lake fractured bedrock site .

4. Blue Hill —volunteer program in 2007 ,4

Bedrock represents an older sedimentary rock unit
deposited during the Ordovician, which is similar to
the younger Silurian calcareous metamorphic rock
and is composed mostly of inter-bedded pelites
And sandstoen



