
However, the story does not end there. Several other constit-
uents, including manganese, iron, and mercury, were found 
at elevated concentrations in multiple wells. Some of these 
elements exceeded recommended drinking-water limits, pos-
ing a health threat if ingested.

Geochemical modeling (Fig. 4) and statistical analysis sug-
gested that groundwater chemistry in the region is controlled 
by a combination of oxidation-reduction conditions, carbon-
ate alkalinity, and interactions with organic-rich rocks and 
legacy mining materials.

Processes that limit uranium mobility, such as adsorption 
onto mineral surfaces, may simultaneously allow other met-
als to remain mobile in groundwater.

WHY THIS MATTERS BEYOND GEOLOGY

Groundwater geochemistry sits at the intersection of geology, 
environmental science, and public health. Although uranium 
itself was not a concern in this study, the presence of other 
redox-sensitive metals directly and indirectly linked to 
adverse health effects in humans highlights the importance 
of regular water testing, especially for private well owners.

From a broader perspective, this research contributes to the 
growing field of medical geology, which examines how geo-
logical materials and processes affect human health. By iden-
tifying natural controls on groundwater quality, studies like 
this can help guide better monitoring strategies and inform 
water-management decisions in similar geological settings.

FINAL THOUGHTS

Groundwater does not exist in isolation; it carries the chemi-
cal fingerprint of the rocks it encounters along its flow path. 
By studying these interactions, we can better understand 
both the opportunities and risks associated with our subsur-
face resources.

I hope this work encourages students, early career geoscien-
tists, and the broader public to think more deeply about the 
hidden connections between geology and everyday life, espe-
cially the water we drink. This research was supervised by 
Dr. Karin Goldberg, associate professor at Kansas State 
University
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Access to clean and safe drinking water is something many of 
us take for granted, yet the quality of groundwater can be 
strongly influenced by the rocks it flows through. During my 
master’s research at Kansas State University, I set out to 
understand how geology, specifically the presence of organic-
rich shales, can influence groundwater chemistry and raise 
potential health risks in southeastern Kansas.

This piece shares the story behind that research: why it mat-
ters, what we found, and what it means for communities that 
rely on domestic wells.

WHY STUDY URANIUM AND TRACE METALS IN  
GROUNDWATER?

Uranium is a naturally occurring element found in many 
rocks, particularly organic-rich sedimentary rocks such as 
black shales. Under certain geochemical conditions, uranium 
can dissolve into groundwater and become a drinking water 
concern. While uranium contamination is often associated 
with mining or other human activities, less attention has 
been given to natural water–rock interactions as a source.

Southeastern Kansas provides an ideal natural laboratory for 
this question. The region is underlain by the Ozark aquifer 
(Fig. 1), a carbonate aquifer system that is in close contact 
with black shales and coal-bearing units. Many rural resi-
dents in this area rely on private domestic wells, which are 
typically unregulated and infrequently tested. Understanding 
the natural controls on groundwater chemistry here is there-
fore both scientifically important and socially relevant.

FIELDWORK: SAMPLING WATER ACROSS  
SOUTHEASTERN KANSAS

This study included a month-long field campaign during 
which I sampled groundwater from domestic wells across 
Bourbon, Crawford, and Cherokee Counties. At each site, I 
measured in situ parameters such as pH, temperature, dis-
solved oxygen, and electrical conductivity, and collected sam-
ples for laboratory analysis (Fig. 2).

In the lab, these samples were analyzed for major ions and 
trace metals using techniques such as ion chromatography, 
alkalinity titration, and inductively coupled plasma mass 
spectrometry (ICPMS). I also compiled geophysical data, spe-
cifically gamma-ray well logs, to map the distribution and 
thickness of black shales beneath the study area.

WHAT DID WE FIND?

One of the most important findings of the study was that 
uranium concentrations in groundwater were generally low 
(Fig. 3A) and mostly within U.S. EPA and WHO drinking-
water standards. Despite the presence of uranium-rich black 
shales, widespread uranium contamination was not 
observed.
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Figure 5. Presenting my research findings at GSA Connects 2023 in 
Pittsburgh, Pennsylvania, USA.

Figure 1. Map of Kansas showing the studied counties (blue rectangle), and 
extent of the underlying Ozark aquifer (green area).

Figure 2. Field sampling of domestic wells.

Figure 3. Spatial distribution of (A) uranium, (B) mercury, (C) iron, and (D) manganese. Red and green arrows on scale bar represent the EPA and 
WHO limits respectively.

Figure 4. (A) Redox-pH diagram showing the dominant aqueous species of 
uranium at 25 °C (all the samples wells fell into the region circled in red); (B) 
Piper diagram showing the dominant ion species in the samples.
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