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OVERVIEW

National Groundwater Quality Monitoring: Rotational Surveillance
network

Highlights of national sodium, chloride, and radium results

Relations between road-salt, sodium, chloride, and radium in New
Jersey

* Changes in radium concentrations in other aquifers
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ABSTRACT: The Kirkwood—Cohansey aquifer in southern New Jersey is an
important source of drinking-water supplies, but the availability of the resource is
limited in some areas by high concentrations of radium, a potential carcinogen at
elevated concentrations. Radium (**°Ra plus **Ra) concentrations from a network of 25
drinking-water wells showed a statistically significant increase over a decadal time scale
(p < 0.05), with a median increase of 0.35 picocuries per liter. Increases in Ra are
correlated with road-salt application rates, and we hypothesize that the correlation is
causal. Geochemical processes associated with road-salt applications that can mobilize
Ra into solution include competition by excess sodium for sorption sites and formation
of chloride complexes (RaCl" and RaCly). The largest increases in Ra were in
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groundwater with low pH (<5), which is an indirect surrogate for low cation-sorption 0 5,600 10,I000
capacity. Correlations with other potential anthropogenic causes for the increase in Ra
were not observed, further suggesting a road-salt effect. Given the significant increase in
Ra concentrations in this drinking-water source, the known carcinogenic risks from Ra,

Road salt application rate
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the direct link to road-salt application, and the likelihood for continued increases, additional monitoring is necessary in areas with

similar hydrogeologic and geochemical settings.
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< O )] (5)  https://nawqatrends.wim.usgs.gov/decadal/

. - : o o
,-’ USGS Decadal Change in Groundwater Quality Hond i Stean & © ABOUT B DATA & USERGUIDE @ FAQ | #MPRINT Q FIND LOCATION

and Related Information
CONSTITUENT SELECT d ol CANADA

: EXPLANATION
monton
+ <

For more information, see User Guide

: . B Calgary Yt
Showing results for: E 0 nt Magnitude of change

-\._j' |norgan ic ’VﬁﬁCI}UVEI' /\ .
Lﬁ Large increase

=g
)

O Organic Seattle

o A n f L 1K (a L J /-\. S *
. £ “ mall increase
Constituent: L L]
Ottawa Montreal &

No significant change

Chloride £

Joronto . ¥ Small decrease

For more information, see User Guide : . = | ow Chi ca@etﬂ)it i . . d
Nebragh H 3 R Large decrease
. - mj » MNIESY Yark

Philadelphi
TREND PERIOD Foig

Francisco Network Boundaries
N . T ah o fennesse 107 A ' - Agricultural land use network
Trend period @ Los Angelespy Urban land use network

Decade 1-2 e : Domestic supply well network

Decade 1-3 e :
- Small change indicates the median of all
Monterrey B iami differences is <5% of the benchmark or

Gulf of
Decade 1-2-3 e 12.5 mg/L per decade.

MEXICO Havana

Decade 2-3

Timeline (years)
; R Guadalajara U
§F &8 G .
te 2.1 Mexico City Port-au-

HHHHTHHH] Prince Santo Domingo
Decade: ~

Large change indicates the median of all

BASEMAPS > :_Guat?:rnala Caribbean Sea

LCaracas




DECADAL NETWORKS

National network

Decadal change mapper: how are
concentrations of contaminants in
groundwater changing during decadal
periods across the Nation.

Each network of 25-30 wells represents a
specific aquifer, region and sometimes land
use.

Nutrients, metals, radionuclides, and organic
contaminants in groundwater are evaluated
in a total of 88 networks.

Decadal intervals: 1988-2001; 2002-2012;
2013-2020.







* Each network of 25-30 wells represents aquifer, region and

sometimes land use.
* |cons on the national map represent a group of wells with similar

characteristics.
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RADIUM RESULTS FROM DECADAL NETWORK

e Radium was not sampled during 15t and 2"9 decades at all
networks

By 2020, 10 networks had sufficient data for statistical analysis

* That is —a minimum of 18 sites sampled over a near-decadal time
period

 As used herein radium is sum of 226Ra and 228Ra

The EPA Maximum Contaminant Level (MCL) for radium is 5
picocuries per liter (pCi/L)

5 networks increasing, 2 decreasing, 3 no change
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NEW JERSEY NETWORK

* Kirkwood-Cohansey aquifer

* Known for high radium
concentrations

* Very low pH — median is less than
5 pH units

e Sandy aquifer with low sorption
capacity

EXPLANATION
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GEOCHEMICAL CONDITIONS IN NEW JERSEY
NETWORK ARE UNIQUE
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NEW JERSEY NETWORK

* Changes in concentration, 2006-2018

 Radium showed correlation with Cl, Na, and dissolved solids.
e Stronger in low pH samples

 What is the mechanism driving this?

B C

e pH<5 ' tho = 0.57 (0.74) " tho = 0.53 (0.72)
e pH>5

rho = 0.71 (0.77)
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NEW JERSEY NETWORK

Changes in concentration,
2006-2018

Radium showed correlation
with road salt application
rate

So did Cl, Na, and dissolved
solids.

So did Mg, Ca, Ba, and Sr

Change in Mg, mg/L

Change in Ba, ug/L

Change in Ca, mg/L
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NEW JERSEY NETWORK

Cl/Br mass ratios

Open circles are 2006, filled
circles are 2018

Sites labeled A-D are largest
increases in Ra

Sites with highest increases in
Ra moving toward halite/deicing
salt mixing curve

Brines not used in this area
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NEW JERSEY NETWORK

* Cl/Br mass ratios

 Sites labeled A-D are
largest increases in Ra
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Displacement of Ra by Na

* Na is a weak competitor for sorption to displace Ra

* However large quantities of Na may replace Ca,
Mg, Ba, Sr, and other divalent cations that are

weakly bound

e Cascading effect — Na displaces Ca and Mg, which
displace Ra

 Some Ca and Mg in salt may compete with Ra

* Increases in Na are less than increases in Cl
supporting Na being retained on sorption sites.



Complexing of Ra with Cl

10

* RaCl+ and RaCl, complexes
(RaClx) are more soluble

* RaClx/RaTOT ratios greater in
second decade than in first

decade e 0<Ra=<=1.0pCilL

® 1.0 <Ra<=5.0 pCilL
® 50 < Ra <= 20 pCi/lL
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Other issues explored

* Rain the road salt - not large enough to cause change in
concentration

e Septic systems, population density, fertilizer use, and
agricultural land use not correlated with changes in Ra.




Other networks with
changes in Ra

* Glacial aquifer, Michigan
* Glacial aquifer, Wisconsin

e Cambrian-Ordovician aquifer,
Minnesota
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SUMMARY

* N3, Cl, and dissolved solids are increasing in a large percentage of
networks across the country

* Road saltis a likely contributor to these increases in urban areas
with a cold climate where road salt is used for deicing

* Increases in concentrations of Na and Cl are directly related to
increases in Ra in a low pH aquifer

e Causes of changes in Ra in other aquifers have not been identified

* Effects of road salt on aquifers and other hydrologic systems cause
issues beyond the increases in Na and ClI



QUESTIONS?
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