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Objectives

1. Over what time scales does water
quality change?
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2. What are the drivers of change? , ,5
1. Geochemical processes e
2. Groundwater age
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PERCENTAGE OF WATER SAMPLES WITH

ARSENIC CONCENTRATIONS GREATER

Background-

Arsenic in New England

THAN 10 MICROGRAMS PER LITER

EXPLANATION

National Water-Quality Assessment program well network

New England Coastal Basins 1-—pradominantly
calcareous metasedimentary rocks

New England Coastal Basins 2—pradominantly
felsic igneous and pelitic rocks

Connecticut, Housatonic, and Thames Rivers Basins—
crystalline rock, undifferentiated

OROMN

Long Island-New Jersey Coastal Drainages—
crystalline rock, undifferentiated

Statistical group from Tukey's test
A  Groups with the same letter are not significantly
different at an alpha value of 0.05

28 Number of water samples

Error bar representing the 95-percent confidence
interval of the mean (binomial distribution)

From Flanagan and others (2012)
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New Hampshire-Maine geologic
province (M,-nm)

Arsenic, in micrograms per liter
Greater than or equal to 10 (domestic well)
Greater than or equal to 10 {public-supply well)
5to less than 10
Lessthan 5

0 5 50 MILES

0 25 50 KRDMETERS -

Base from U.S. Geological Survey digital data,
12,000,000, Albers Proj

Study area modified from U.S. Geclogical Survey
Ground Water Atias of the United States [Qicotr, 1995)
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bedrock

Sand & Gravel

bedrock SGW-65
Public
Glacial

l Well continues into bedrock

New
Hampshire

A. Bedrock Geology
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Explanation

[ Exeter Diorite

1 Berwick Formation

] Eliot Formation

[ Kittery Formation

[ ] Newburyport Complex (late Silurian)

[ 1 Newburyport Complex (early-late Silurian)
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B. Surficial Geology
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Background - Summary

Low DO and high pH are
arsenic’s happy state!*

* High arsenic occurs in locations with both:
 Sources of arsenic (calcareous metasedimentary rock)
* Geochemical state conducive to arsenic mobility

Parameter pH (standard DO (mg/L) As (ug/L) — ’l

*Ayotte and others (2003), Bondu and others (2017), Flanagan and others (2012)



Methods - Sampling

Continuous Discrete
* pH * Major ion chemistry
* Specific conductivity e Alkalinity
* Water temperature * Nutrients
e Dissolved oxygen * Arsenic and other trace elements

* Water level * As(lll) and As(V) species
e Radionuclides

e Stables isotopes

* Age tracers
 Atmospheric gases

USG5 425651878573781 HH-KFH

=
5
[}
—
3
2
e}
©
2
-
]
o
[
o
ey}
]
-
8%
= a
3
[
-
5]
3
o
-
=
=}
-
&
=]

Grounduwater level abowve HGYD 1929, feet

Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan
2814 2814 2814 2815 2815 26815 2815 2016 20816 2816 2816 2817

— Depth to water level === Period of provizional data
== Period of approved data
Graph the 1.5,

https://waterdata.usgs.gov/nwis/



Analysis - Correlations

Spearman’s rho=0.43

p<0.001
ALWAYS ANOXIC! (DO <0.5 mg/L)

DO decreases when water level is up —
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More anoxic water with recharge

0.05 0.10 0.15 0.20 0.25

Dissolved Oxygen, mg/L
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Analysis - Correlations
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Explanation
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Analysis - Redox Processes

Terminal Electron-Accepting Processes
(TEAP)

Loss of electrons Elgecr:ron
- onor
Decreasing (oxidation)

Free Energy
of reaction
(AG?)

Ecological e

succession of L Median = 37.2 |J.g/|_

electron acceptors
0, N H,0 P ® ®
PCE k\= DCE, VC, ethene + CI"
TCE DCE, VC, ethene + CI
M (IV) k¥ Mn2+
Fe (lll) kg Fe2*
S0, \¥> H,S
CO, g CH,

From McMahon and Chappelle (2008) @ More reduced

® |essreduced

2014

Calendar year
Wilcoxon p=0.01

More reduced water with recharge




Analysis - Age distributions

Older water with recharge?

March ‘16 May ‘16 July‘16  September ‘16
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Dispersion Model (DM)
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Jurgens and others (2012)




Going Forward — Further Analysis

 Trend

* Occurs over sampling period Winnicut River
* Repeating or monotonic

* Event
 Occurs once
* High or low value
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Arsenic Species

As(V)
As(lll)

Calendar year
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As Species and Drought

Rank sum test
p=0.007
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Further Analysis — Age Dating
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Summary

* Highest arsenic occurs with high water levels (seasonally)

e Secondary arsenic peak at lowest water levels

* Arsenic highs are related to lower redox state (more reduced)
* Drought causes spikes and troughs in chemical constituents

* Age distributions were not particularly informative, other than as
evidence of modern recharge.

* May not be indicative of all wells in the area
* BUT similar patterns seen at 2 nearby public supply wells in network.



Questions?

Contact:
Joe Levitt
Physical Scientist
U.S. Geological Survey
New England Water Science Center
jlevitt@usgs.gov
603-226-7802




