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Executive Summary

Understanding the spatial distribution of elevated groundwater arsenic levels is a critical issue because of
adverse health effects of arseriic drinking water Many previous studies indicate that elevated arsenic
concentrations in groundwater primarily originate from natural geologic sourties. objective of this

study wago update the resultérom the 2018 report that focused on arsenic distribution in major aquifers

by expanding to assess arsenic levelmiinor aquifers in Texas.

Groundwater arsenic dataere compiled from1,8% wells from 22 minor aquifers in Texamampled
between 1992 an@025 The spatial distribution of elevated arsenic concentrations was mappaunor
aquifer using indicator kriging based on two threshaldncentrations 5 ng/L representing nominal
background concentratioand 10ng/L representingthe EPA Maximum Contaminant Level (MChe
current number of norcompliantPublic Water Supply (PWS§)stems and associated populations were
obtained from EPAlistings and the estimatedbopulations with norcompliant nonRPWS system water
(domestic/selfsupplied systemsa)yere obtanedfrom the U.S. Geological Survey water use data.

Results show thaamong the minor aquifera total of 62 samplesexceeded the arsenic MCL of A@/L,
representingl1% of all analyses with detectable arsenic 8a6l of all samples used in this studytotal

of 29% of the sample®53 sampleshad detectablearseniclevels with a median arsenic concentration
of 3.6ny/L. The remaining 71% (1,342 samples) haddetectable arsenic concentration®verall, 87%

of the samples in this study (1,648 samples) wé§gug/L threshold while only 3.3% (62 samples) had
arsenic concentrations > 10 pg/L MCL threshold.

A total often out of the 22minor aquifers had samples with arsenic levels exceeding the MCL. The
samplingdata are generally sparse among the minor aquifers, with the numbers of samples ranging from

10 (Cross Timbers) to 311 (Dockum) andrsixor aquifers had fewer than 30 samples. The Edwards

Trinity High Plains had theghestpercentage of samples exceeding the MCL (33%), followed by the West
Texas Bolsons aquifers (19%) and Igneous (15%) aquifers. Seven aquifers had between 0.8% and 7.1% of
samples &ceeding the MCL while the remaining 12 aquifers had no samples exceeding the MCL.

Based on the EPA database, a total of only 6,072 people are served by four PWS systems that rely solely
on the minor aquifer water sources and that have been-nompliant with respect to drinking water
arsenic concentrations in at least one of the lasigiarters (July 2022 June 2025) representing 0.02%

of the 2025 Texas total population. Most (99.5%, 5,802 people) are associated with a single PWS system,
the Fayette Water Supply Company West, located in La Grange, Fayette County, that sources its
groundwater from both the Sparta and the Yegdiackson aquifers and supplies the water systems for the
cities of Flatonia and La Grange. The most likely source of thearapliantgroundvater is the Yegua
Jackson Aquifer.



Introduction

Widespread groundwaterraenic (As) contaminatiois a critical issue the U.S(DeSimonest al.,, 2014,
Nordstrom, 2002Welch and Stollenwerk, 2003Yheregulations for As were revised in 2001 with a
reduction of themaximum contaminant level (MCL) from 50 pg/L to 10 pghuiringwater systems to
comply with the standard in January 20Q6SEPA, 2018Jhis regulatioms only applicabléo public water
systemswhereasdomestic wells (privately owned) are not regulated. A recevaluation ofthe U.S.
domestic well population vulnerable &rseniccontaminationindicated that ~2.1 million (M) people out
of a population of 44 M people that use domestic wells have groundwater water arsenic levels exceeding
10 pg/L(Ayotte et al, 2017) Based on this study, Texas rankétlin terms of domestic population
affected by arseniccontamination, withan estimated95,000 people affected. This studias based on
logistic regression with 42 variables used as proxiegfoundwaterarsenicconcentrations including
geologic variableggroundwater recharge, soil properties, atlimateetc.

Levels of groundwatearsenicthat exceedthe MCL are considered a health hazdidgalth impacts are
affected by the fornof arseni¢ with inorganic forms barsenicbeing~100 times more toxic than organic
forms and trivalent arsenite ~60 times more toxic than hexavalent arsenate (Kain and A{CR00Get

al., 2014) One of theprimary arsenicexposure pathwagfor humans is in food; however, organic forms
of arsenic in foochavenegligible toxicity (Abernathy et al., 2003hunget al., 2014. Arsenic exposure
from drinkingwater over the long termhas been linked to cancer, cardiovascular diseski® lesions,
and diabetegShankaget al,, 2014) Additional health impacts from groundwater arsenic exposure include
skin, lung, bladder, kidney, and liver cancéf®nget al, 2014) Noncarcinogenic health effects from
arsenic exposure include diabetéypertension, skin lesions, and hyperkeratosis of hand and feet (Tseng
et al., 200Q0MartinezCastilloet al., 2027). Arsenic exposureniutero andduringearly childhood has been
linkedto cognitive developmenimpairmentandincreasedmortality in young adult¢Farzaret al., 2013
Tolinset al, 2014) Elevatedarsenicis also found in chickens as itadded to chicken feed to make
chickens more robust (Rutherford et al., 200Bgraet al., 2017. High levels of arsenic are found in coal
in China resulting in health impacts from coal burr{ifimkelmaret al,, 1999) Health effects of elevated
arsenic in Texas aquifers have been noted in previous studésgkar et aJ 2006 Hasaret al., 2024)

The distribution ofU.S. Environmental Protection Agency (EPA) primary and secondary maximum
contaminant levels (MCL) exceedances for drinking watse previously quarfied in TexagReedy et

al., 2011). An estimated 14% of the aquifer volume in the statemagspedin the highrisk category of
primary MCL exceedandexceedance of any primary MCL the high probability categorywere greatest

for the HueceMesilla Bolson, Seymour, and Ogallala aquifers and lowest for the Edwards (BFZ) Aquifer
by both ajuifer area and volume. Arsenic was found to be the most widespread contaminant in the high
probability category in major aquifers, followed by fluoride, alpha radiation, nitNgt@nd combined
radium.

Arsenicis widely distributed in rock$owever,mobilization ofarsenicinto groundwateroften limitsthe
occurrence of elevatedrsenicconcentrationsn groundwater(Smedleyet al, 2002) Important factors
affectingthe distribution ofhighgroundwaterarsenidevels include

(1) an arsenic source
(2) aprocess for mobilizingrsenicinto groundwater
(3)low recharge rates limitg flushing ofirsenicin aquifers



Previous studies haveelineated factors affecting groundwateulnerability toarseniccontamination
(Smedleyet al, 2002) Vulnerable avironmentsto elevated groundwatearseniclevels include (1) low
temperature (1a¢ non-mining; 1b¢ mining) and (2) high temperature (geothermal) settings, with-low
temperature, hoamining areas having the most widespread distribution of hagbenic(Smedley and
Kinniburg, 2002)Mechanismghat mobilize arseniin these noamining areas include (1) dissolution of
and desorption from Fe oxides in reducing conditions and (2) mineral weathering and evaporation and
desorption from Fe oxides and in oxidizing conditi@mmedleyet al, 2002) Aquifers in Argenting@rovide

an example of processes operating in oxidizing conditisash asa high influx ofarsenicfrom volcanic
glass dissolution, followed bgrsenicadsorption onto hydrous Fe or Al oxides, and then mobilization
related to elevated pH (®) linkedto mineral weatheringSmedleyet al., 2005 Bhattacharyaet al., 2006)
Hevated concentrations adrsenicwere found in the 8uthern High Plains (SHP) aquifer in Tekstiv
and Smith, 1987/Nativ, 1988 Hudak, 2000Q) This regions classified as law temperature, noAmining
area(Smedley and KinniburgR002) Groundwater is under oxidizing conditions based efiBD), N@

and SQlevels Early studies attributedigharsenidevels to application of arsenical pesticides to defoliate
cotton because otollocation ofelevated groundwaterarsenicand cotton production areas, higher
arsenidevels in groundwater in shallow water table areas, and linkages with other contaminants related
to agriculture, such as nitrat@Nativ, 1988 Hudak, 2000 However,intensive drilling of the unsaturated
zonein these areasnd soilprofile sampling and chemical analyses, show that watdractablearsenic
from application ofarsenicabesticides is limited tthe shallow subsurface soil zone within the upper 2 ft
of the land surface@0 cm) and is also linked with elevatedP&¥els fromfertilizer application(Reedyet

al., 2007) High levels ofrsenicat depths> 3 ft depth beneath native rangeland and cropland regions
were attributed to a geologic source because native rangelaraer receivegesticidesandhigh levels

of PQ were not found at depth beneath native rangeland and cropland settings.

Hotspots of gpundwaterarseniccontaminationin Texasvere mappedn previous studiesincluding the
southern High Plains and southern Gulf Coast reg{@ageset al., 2011 Scanlonet al., 2009) In the
southern High Plaingbout halfof the analyse®iadarseniclevels exceeding the MO 10 ug/L. Arsenic
contaminationwas correlated with elevateH, V, Se, B, Mo and Si@dicatinga common origin in volcanic
ashes, which are found in thewthern High Plains and assumed to originate from the Rocky Mountains
to the west.The sequence of processessulting in groundwater arsenic contaminatienthought to be
leaching of ashes occurring early on, followedatsenicadsorption on hydrous metalxides throughout
the southern High Plaingsshown by high correlations betweanrsenicand othea anion such as &nd
oxyanion forming eiments such as V, Se, B and (&canloret al,, 2009) In oxidizing systems, such as
the southern High Plains, the most widespread mechanism for mobiliansgnicis increased pH
associated with increased TDS; however, pH insthehern High Plains is near neutral; therefore, this
mechanisnmdid not causearsenicmobilization. The most likely cause afsenicmabilization througlout
the southern High Plains Aquifer is the counten effect related to a water chemistry change from Ca
to Narich water, associated with upward migration of groundwater withhhi¢p and high TDS from the
underlying Dockum aquifer. This explanation is supported byhtbk correlation betweenarsenicand
Na/(Caj* ratios in the aquifer (r= 0.57). This counten effect is likely responsible for mobilizing other
ionsalsoas evidenced by high correlations betwemsenicand these elements (FF,= 0.56; Vr = 0.88;
Ser =0.54; Br =0.51; Moy =0.46 and SiQr = 0.41).

Detailed studies were also conducted in smeithern Gulf Cost hotspot ofarseniccontamination(Gates

et al, 2011) Concentrations o@rsenicwere found to decrease downdip from the Catahoula Formation,
consistent with Miocene volcanic ash in this unit being the primary source of groundargtsmicin the
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region. Correlations betweearsenicand V, Sig) and K were found to be high, attributed to weathering

of volcanic sediments. The aquifers are characterized by cireautral pH and oxidizing conditions,
typically associated with immobilization afsenicby adsorption of arsenate onto Fe oxides and clays.
However,groundwvater in about 30% of the wells hadlevatedarseniclevels exceeding the MCL. High
levels of Si coeleased witharseniomay compete for sorption sites and decrease the arsenate adsorption
capacity.

The objectives of this study were to evaluate the distributioraigenicin the minor aquifers in Texas,
considering two threshold levels, 5 pg/L and 10 pg/L (MCL). Indicator kriging was used to evaluate the
probability of exceeding these threshold values in the aquifers. The probability of exceeding these
thresholds was linked to the pomtlon being served by these water sources to determine the
vulnerability of the population to elevatedrseniclevels. This study builds on previous studies that
examinal groundwater contamination fnm a variety of natural sourcéReedyet al., 2007)and detailed
process studies examining unsaturated zone and groundvaataniclevels in the southern High Plains

and southern Gulf Coast aquifefGateset al,, 2009, Reedgt al, 2007 Scanloret al., 2009)



Methods

Data Sources

Dataon groundwater arsenic concentratiofar this study were obtainegrimarilyfrom two sourcesthe

Texas Water Development Board (TWDB) groundwater database and the Texas Commission of
Environmental Quality (TCEQ) public water supply (RIMt8pase The TWDB databaseontairs water
analysessampledfrom groundwaterwell-headsprior to any treatmentprocessesand the resultsare
consideredepresentative ofroundwater conditionsit that locationat the time of samplingln contrast

the PWS database contains both whedlad samples and samples obtained from various locations in the

water distribution systemin the initial analysifor this study onlyPWS databasgroundwater welhead

samples were usetbamples- 1 G NX 6 dzi SR | & & NI gbécausdsampléslokaifieddréeS R G I
locations within thedistribution systemmight reflectposttreatment conditons

B Brazos River Alluvium Queen City (subcrop) Il Dockum (outcrop) [>d Marathon

I West Texas Bolsons Nacatoch (outcrop) 7] Dockum (subcrop) Ellenburger-San Saba (outcrop)
Lipan (outcrop) Nacatoch (subcrop) Rustler (outcrop) Ellenburger-San Saba (subcrop)
Lipan (subcrop) Il Blossom (outcrop) Rustler (subcrop) I Hickory (outcrop)
Yegua Jackson [\ Blossom (subcrop) Capitan Reef Complex Hickory (subcrop)

B Igneous Woodbine (outcrop) Blaine (outcrop) Cross Timbers
Sparta (outcrop) Woodbine (subcrop) Blaine (subcrop)
Sparta (subcrop) Rita Blanca Bone Spring-Victorio Peak
Queen City (outcrop) Edwards-Trinity (High Plains) Il Marble Falls

Figurel. Minor Aquifers of Texas. There are 22 aquifers on the list. The Cypress aquifenveasd,
andthe Cross Timbers was added to the list in August 2017.

The source aquifefor pumped waterwasidentified for allgroundwaterwells in both databases. Only
samples from wellshat were completed in a single aquifewhich represent 98% of all samples, were
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used in this studyThe aquifers represented inithstudy includethe 22 minor aquifers(Figurel. )

identified and namedby the TWDBSample data from th® WS and TWD&atabasesvere compared to

avoid duplication.

Due to technological improvements in analytical precision and corresponding lower detection limits, only
samples obtained during or after 1992 were used in this study, excluding analyses prior to 1992. Only the
latest sample from a given well was used histstudy. Arsenic concentrations are reported in units of
micrograms per liter (ug/L). Analytical detection limits for arsenic varied based on the laboratory and
method used. Analytical results for samples with undetectable arsenic concentrations ar&deentt y 2 Y
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Figure2. Spatial distribution of arsenic concentrations in Texas groundwater, including samples collected

from 1992¢ 2025 with detected concentrations (€56.4Ag/L) and nordetected concentrations (<5 and

<10 pg/L). The numbers of samples within the stated concentration ranges are shown in parenthesis and
include some samples that are not in a named minor aquifer and not used in this study.

Samples from B9 groundwater well&completed in minor aquifers Texas are represented in this study

Among these aré&,342 samples with arsenic concentrations below the various method detection limits,
representing71% of all sampled he highest nowetect concentration level included in this study is equal
to the US Environmental Protection Agency (EPA) drinking water Maximum Contamination Level (MCL) of

10 pg/L(Figure3). A small number of samples with detection limits above the MCL were rejeldtest

of the nondetect samples1(,288 96%) have a detection limit o pug/L



Thee were 553 sampleswith arsenic concentrations above detection limits, represent2®o of all
samples The median detected concentration is 3.6 pdfig@red). A total of 62 samples exceeded the

10 pg/L MCL concentration, representing 11% of all samples with detected concentrations and 3% of all
samples. A total of 360 samples, representing 65% of all samples with detected arsenic concentrations
were X6 ng/L threshold.
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Figure3. Distribution of nondetect arsenic concentrations.
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Figured. Distribution of detected arsenic concentrations.



Data Analysis

Arsenicconcentratiors were evaluatedby aquiferfor both statistical and spatial distributions. Statistical
analysesnclude simple determinations of the numbers of samples, numbers ofdebects, the mean,
minimum and maximum concentrations, and selected percentile concentratidbhe.Geostatistical
Analyst extension in A&IS Pr&.5.2was usedo generate maps representative of ttagsenicspatial
distributionin the different aquifersindicatorkriging was used as this method can incorporate the-non
detect data as well as the detect data. It also hasatieantagethat no assumptionsire maderegarding
normality ofthe underlying (and unknown) distribution of the concentration data.

Indicator krigingdoes not result in a concentration map. Rathdre toutput is a map of thestimated
probability of arsenic concentratiomexceedng a selectedthreshold value Two thresholdvalueswere
used A lower threshold of 5ug/L was selected to represera conservative estimate to identify areas
where the likelihood thagroundwaterarsenic concentrationsxceedd 6 | O 3 NrBr tagsR @nabyses,
non-detect samples with detection limits greater than 5 pg/L were omitted.

A higher threshold value of 10g/L was used to identifareas wherethe likelihood thatgroundwater
arsenic concentrations exceed the MCL for drinking water. Maps weneratedfor both threshold
values for each aquifelhavingsufficient data points to warrant application of the methads a general
rule-of-thumb, it is desirable to have 100 or more data points &tdto 50 is considered the minimum
required to obtain a statistically stable angeaningfulresult usingkrigingmethods with consideration
further given to the spatial distribution of points within theodeledarea.There were sufficientiatato
produce kriged map#or 16 of the minor aquifersOf these, 11 aquifers h&B to 311 points while the
remaining five aquifers haoetween 34 and 44oints.

The indicator kriging procedure begins with a transformation of the concentration data into a binary form
of either0 (zerq if a data point i3i¢he threshold value ot (one) if the data poinexceedghe threshold
value.A semivariogramor covariance modeas created that represents the average variafcogariance
between data locations as a function of the separation distance between the data pitietsise of either
a semivariogram or covariance is dictated by which approach produces the most tesnsitodel given
the individual data sets for each aquifihe model may include directional anisotropy components if
there isstructure based on azimuéh directionwithin the data. A mathematical modelasthen fit to the
semtivariogramor covariancepoints and this modelvasused to predict values at locations between the
data points. The resulting output is a grid map of predigteabability (or likelihoodyalues that arsenic
concentratiors exceedhe threshold value. In this study wniform grid cell size ofl km x 1 km was
selected

The resulting maps depict thestimatedspatial distribution of thgorobability or likelihoodbf exceeding

the threshold valueon an integer scale between 0% and 1Q0Fer this study weharacterize the

probability rangesisingsevencategorieswith descriptiveterms, includingnone (0%)yvery low €10%),

low (10-25%) moderate @5-50%), elevated50-75%), high 1{5-90%), and very high»90%). The maps

should be interpreted in part with consideration given to the spatialriigtion of the underlying data as

data may beclustered in some areaand relatively sparse elsewher8ome artifactgnay bepresent in

the maps that arise primarily from low data density in given subareas and/or from (directional) anisotropy

in the underlying semvariogram structure.

All of the aquifer probability maps aprovidedas pagewidth szegraphicsn AppendixF 2 NJ 4§ KS NBIF RS
convenience
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At Risk Population Estimates

A separate assessmewas performedo estimate thevariouspopulatiors at risk ofexposure toarsenic
concentrationsboth abovenominalbackground and aboviie MCL. Th analysis focused on twgeneral
classes of water supply systethat were assessed separatelgcludng:

1) public water supplgystemshat are regulated by the TCERd
2) domestic or otherwise sefupplied systemthat are not regulated

In the latter case, methods that estimate the populations relying on domestic supplies have not produced
consistent results in some areas of Texas. In this updated study of minor aquifer arsenic concentrations,
we use the same domestic population estimafemn the original 2018 report that were generated by

the USGS for 2015.

Public Water Supply Systems

Public water supplyRWS systemsn Texas are regulated by the TC&@ ultimatelyby the US EPANd

must provide distribution system water sample analyses to monitor system performanceesfibctto
various potential contaminantsf concern, including arsenic. Sample data from the TCEQ database were
assessedo estimate the atrisk PWS populations for arsenic concentrations in excess of the nominal
background level (> 5ug/L) in the distribution systeifisese assessmenigere based ornwhether the

PWS sstem hadleast onedistribution watersamplewith > 5ug/Lduring the period from January 2012
through about Jul024

The EPA maintairibe Safe Drinking Water Information System (SDWIS) datahasgional database of
current PWS system water quality compliance witspectto the MCL status for all contaminants of
concern(EPA, 2025)The database includes several system attributes of interest to this study, including
estimates of the PWS populations served by the PWS systems that are out of compliance and identification
of the sources of water for each system (surface water, groundwap@undwater under the direct
influence of surface water, or water purchased from a wholesaler who pumps and treats Watéjving
areexcerpts from the EPA website documentattbat define other attributes in the database that ané
significance to this study

Public Water SupplBystem Type

GThe type of public water system (PWS). A public water system is a system for the provision to the public
of piped water for human consumption, which has at least 15 service connections or regularly serves an
average of at least 25 individuals at least &8l out of the year.

1 Community water systemA PWS that serves at least fifteen service connections used by year
round residents or regularly serves at least 25 yeand residents (e.g., homes, apartments and
condominiums that are occupied yeaund as primary residences).

i Transient na-community water systernA norcommunity water system that does not regularly
serve at least 25 of the same persons over six months perdygarical example is a campground
or a highway rest stop that has its own water source, such as a drinking water well.

1 Nontransient nonrcommunity water systermA norcommunity PWS that regularly serves at least
25 of the same persons over six months per year. A typical example ofteamsient non
community water system is a school or an office building that has its own water source, such as a
drinking waterwell .€
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Compliance Status

M d&Serious Violator

(0]

'Yes' indicates a public water system with unresolved serious, multiple, and/or continuing
violations that is designated as a priority candidate for formal enforcement, as directed
by EPA's Drinking Watt Enforcement Response Policy.

EPA designates systems as serious violators so that the drinking water system and primacy
agency will act quickly to resolve the most significant noncompliance. Many public water
systems with violations, however, are not serious violators. Operators angrittmacy
agencies are expected to correct the violations at-serous violators as well, but
without the more strict requirements and deadlines applicable to serious violators. If the
violations at a norserious violator are left uncorrected, that systenay become a serious
violator. When a serious violator has received formal enforcement action or has returned
to compliance, it is no longer designated a serious violator. EPA updates its serious violator
list on a quarterly basis.

i HealthBased Violations

o Violations of maximum contaminant levels (MCLSs) or maximum residual disinfectant levels

(MRDLs), which specify the highest concentrations of contaminants or disinfectants,
respectively, allowed in drinking water; or of treatment technique (TT) rules, sgeciy
required processes intended to reduce the amounts of contaminants in drinking water.
MCLs, MRDLs, and treatment technique rules are all hbakbd drinking water
standardse

Compliance Points

1 ¢EPA uses a weighted point system that reflects the degree of noncompliance at each public water
system; generally more points mean more violations of a serious nature. The point system allows
primacy agencies; usually states¢ to rank public water systemi order of severity of
noncompliance, so that those with more serious noncompliance can receive appropriate
responses, including formal enforcement action.

Tablel. EPA guidelines for assigning violation point values to PWS systems.

Points

Description

10

Acute contaminant maximum contaminant level (MCL) violation (total coliform or nitrate)

MCL or treatment technique violation for regulated contaminants other than total coliform or nit
Nitrate monitoring and reporting violation
Total coliform repeat monitoring violation

= =4 -8 _a _—a_a_9a -9

Monitoring and reporting violation not listed above
Public notice violation

Consumer Confidence Report violation

Additional point for each year a violation is unaddressed

For this study, we summaridéy aquifer thePWS systerpopulationsthat hadhealth-based violations

(as opposed to reporting or public notice violatioredpted to arsenic. The EPA tracks system compliance
on a quarterly basis and summarizes violations for the most recewuaer period(July 202%; June
2025)plus any new violations reportesincethe end of thelatest official quartet

12



NonPublic Water Supply Systems

Domesticand selfsuppliedsystemsare not regulated by the TCEQ. These systaragjenerally located
in rural areas or aretherwisenot connected to aegulatedPWS systerand are referred to in this study
are nonPWS system&stimatef the at-risk nonrPWS population were made by aquitesing the kriging
probability maps discussed earliepupledwith estimates of thenon-PWS county populatiortsased on
projections bythe United SatesGeologicalSurveyfor 2015, the latest published year for that information
(USGS2015, https://water.usgs.gov/watusey.

The spatial mean probability of exceeding fiepug/L MClhreshold value wasstimatedfor each unique
aquifercounty area usinghe GlSprobability maps. The spatial means were thealtiplied by the non
PWSpopulatiorsfor each county to obtain initial estimasef the atrisk populatiors. Theinitial estimates
werefinally adjustedto remove populations icounty areasiot undedain by the given aquifers. The final
countyresults were summedcrosseach aquifer.

This approactassumeghat the nonPWS populationare evenly distributedwithin each county The
county areas were not adjusted for areas served by PWS systémm®fore, the atrisk populations may

be conservatively oveestimated in areas dominated by PWS systeRirally multiple aquifers are
present at the same locations in some aredsch could lead to doublaccounting of the populatiosin
those overlapping areasthe primary areas where this situation occurs that affect relatively larger
populations are where the BéardsBalcones Fault Zoraguifer overlies the Trinity aquifer and where the
Ogallala and Pecos aquifers overlie the Edwdmilsity Plateau aquifer. Secondary areas with this
situation occurring andaffecting relatively smaller populations are where minor aquifers either overlie
each other or are overlain by a major aquif€hisstudy assigns the populations for a given area to the
shallowest aquifer in a given ardased on the logic that the shallowest aquifer in a given overlapping
area is likely the pmary water source for noPWS systems
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Results

PWS and NGRWS system populations

The total population of Texas increasedafactor of 33 between 1960(9.58 million) and 2025 (31.85
million) with a relatively consistent averaganualgrowth rate of1.9% since 1990ranging from 1.2% to
2.2%(Table2, Figureb). The2025populationis estimated to be 3B5million in 205 (US Census Bureau).
The percentage of the population served by PWS systems varied between ab@b¥d@@tween 1960

and 2015nd was 26.2 million in 201%he USGS did not provide estimates of populations served by PWS
and norPWS water systems after 2015.

The EPA public water supply databadee Safe Drinking Water Information System (SDVifi8igates

that as of July 2025 themsere 31.03 millionpeople in Texas served by 4,711 PWSs, whisimilar to the

current US Census Bureau total state populatar2025 (31.8%nillion). Therefore, the population served

by nonPWS systemsannot be estimated by difference. Historically, the USGS estimiizidthe
population served by no®WS systems generally fluctuated between about 0.9 to 2.7 million people
during 1960 to 2015 and was estimated to be 1.32 million in 2Bidufe5). For this study, we assumed

that 95% otthe population increases after 2015 occurred in areas served by public water supply systems.
We estimatel that the 2025 noAPWS population increased tdlL.59 million, representing 5% of the total

state population and an increase of 278,000 people (21%) since 2015 that are served by domestic water
supply systems.

Table2. Historical evolution of the Texas population relying on PWS andR\l68 systems and the
relative percentages of the total population (USG#s://water.usgs.gov/watuse/datd). Values shown
in parenthesis are estimates assuming that the PWS population remained steady at 95% after 2015.

Year Total Total Growth PWS NonPWS PWS| NonPWS
Population Rate (%/yr) Population Population (%) (%)
1960 9,580,000 - 8,580,000 1,000,000 89.6 10.4
1965 10,591,000 2.1 9,450,000 1,141,000 89.2 10.8
1970 11,197,000 1.1 9,240,000 1,957,000, 82.5 17.5
1975 12,236,000 1.9 9,560,000 2,676,000/ 78.1 21.9
1980 14,013,000 2.9 11,390,000 2,623,000 81.3 18.7
1985 16,361,330 3.4 15,403,760 957,570 94.1 5.9
1990 16,986,410 0.8 16,129,900 856,510 95.0 5.0
1995 18,723,940 2.0 17,550,400 1,173,540 93.7 6.3
2005 22,859,968 2.2 20,628,993 2,230,975 90.2 9.8
2010 25,145,561 2.0 22,704,975 2,440,586/ 90.3 9.7
2015 27,469,114 1.8 26,154,041 1,315,073 95.2 4.8
2020 29,145,505 1.2 27688230 1457275| 95.0 50
2025 31,853,800 1.9 30,261,110 1592690 | 95.0 50
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Figureb. Historical evolution of Texas population relying on Piblider Supplf{PWSYys Domestic/Self
supplied(non-PWSwater systemgUSGSjttps://water.usgs.gov/watuse/datd).
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GeneraResults

Thee were 1,8% groundwater wells from the 22 minor aquifeirs Texas with water samples that were
analyzed for arsenic. A total of 29% of the samples had detectable levels withd@marsenic
concentration of 3.6rg/L. The remaining 71%,882 samples) hadon-detectablearsenicconcentrations.
Overall,87% of thesamplesin this study {,648 samples)were #§ pg/L threshold whilenly 3.36 62
samples) had arsenic concentration$0 pg/L MCL threshold.

Among the minor aquifers, there were 62 samples (3.3%) with arsenic >10 pg/L and ten of the minor
aquifers had samplewith arsenic levels exceedinge MCL. The data are generally sparse among the
minor aquifers, with the numbers of samples ranging frbdn(Goss Timbersto 311 (Dockum) ansix

aquifers had fewer than 30 samples. The Edwdndsity High Plains had the greatest percentage of
samples exceeding the MCL (33%)), followed by the West Texas Bolsons aquifers (19%) and Igneous (15%)
aquifers.Seven aquifershad between 0.8% and 7.1% of samp&seedinghe MCL while the remaining

12 aquifershadno samples exceeding the MCL.

Based on the EPA database, a total of only 6,072 people are served by four PWS systems that rely solely
on the minor aquifer water sources and that have been-ntompliant with respect to drinking water
arsenic concentrations in at least one of the lasiglarters (July 2022 June 2025) representing 0.02%

of the 2025 Texas total populatigRigure7). Most (99.5%, 5,802 people) are associated with a single PWS
system the FayetteWater Supply Companiy/est, located in La Grange, Fayette Couthtsit sources its
groundwater from both the Sparta and the Yeglackson aquifetand supplies thevater systems for the

cities ofFlatonia and La Grang@&he most likely souraaf the noncompliant wateris the Yegualackson

Aquifer.
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Figure6. Distributionbox plotsof detected groundwater arsenic concentrations in tteminor aquifers

of Texaswith at least eight sampledhe remaining eight minorcaifers (not showr) had zeroto five
detectedarsenicsample concentrationsThe lines inside the shaded boxes represent the fdrcentiles
(medians), the shaded boxes represent th& &575" percentile ranges, the upward and downward lines
extending from the boxes are terminated by horizontal lines at tHedl@d 90" percentiles, and the dats
represent the 8 and 93" percentiles.
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QO PWS Violators
Arsenic (ng/L)

* 20-56.4(13)

e 10 -20(49)
5-10(131)

* 2-5(259)

« < 2(101)

* <10 (non-detect 52)
<5 (non-detect 1,292)

Figure?. Locations ofour PWS systemaith solely a minor aquifer groundwater sountet have health

related nonrcompliance violations for arsenic concentration in distributed water based on the EPA

database. The violating systems are locdte@residio County and Fayette County

Based on the TCEQ database, a tofdl6,412people(about0.03% of the2025Texas total population)

are served byninor aquiferPWS systems that have distributed water with arsenic concentrations above

the background threshold of jgg/L (this includes the MCL violatiorf$able3).

Table 3. Texas ppulations served byminor aquifer PWS and no#WS systems with arsenic

concentrations above background (>5 pgl/L) and above the MCL (>10 pugl/L).

. .| PWS & No#PWS
PWS population Non-PWS population ,
Water Source population
Arsenic > 5 pgl/l| Arsenic > 10 pg/l  Arsenic > 10 pg/L | Arsenic > 10 pg/l
All Minor Aquifers 16,412 6,072 1,635 1,902
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Minor Aquifer Results

There were sufficient data 3¢ samplesjo perform indicator kriging on arsenic concentrations férof

the 22 minor aquifers in Texadlaps were not generated for theemainingsixminor aquifers with 30

data points.Data for tke minor aquifers represent 894 samples(Table4). Of all the minoraquifer
samples, 9% 653) had déectable concentrations whileIPo (,341) had nondetectable concentrations.

A total of 10.2% (B3) of the minor aquifer samples exceeded the nominal arsenic background
concentration of 5 pug/L an@.3% (62 samples exceeded the MCL of 10 uginof the minor aquifers

had at least one sample with arsenic >10 ug/L. Median detected arsenic concentrations rangedbfrom 1.
Mg/L in theQueen Cityaquifer to7.0ug/L in theBlossomaquifer Table5).

Table4. Numbers of arsenic samples from the minor aquifers in Texas since 1992. Values are based on
the latest samples from the TWDB groundwater database and raw water samples from the TCEQ PWS
database. Samples from wells completed in multiple aquifers aréchtded.

Minor Aquifer Number of| Number of| Number of | Detects >5mg/L | Detects >10mg/L
Samples Detects | Nondetects| Number| % Number | %

Blaine 79 32 47 2| 25 0| 0.0
Blossom 20 3 17 2| 10.0 1 5.0
Bone Spring/ictorio Peak 43 2 41 0| 0.0 0 0.0
Brazos River Alluvium 44 21 23 6| 13.6 2 4.5
Capitan Reef Complex 37 8 29 1] 27 1 2.7
Cross Timbers 10 2 8 2| 20.0 0 0.0
Dockum 311 181 130 66 | 21.2 16 51
EdwardsTrinity (High Plains) 18 16 2 11| 61.1 6| 33.3
EllenburgetSan Saba 164 19 145 6| 3.7 0| 0.0
Hickory 137 22 115 4| 2.9 0| 0.0
Igneous 78 51 27 25| 32.1 12| 154
Lipan 63 52 11 10| 15.9 0| 0.0
Marathon 34 0 34 0| 0.0 0 0.0
Marble Falls 20 4 16 1| 5.0 0 0.0
Nacatoch 34 5 29 1] 29 0 0.0
Queen City 226 16 210 0| 0.0 0| 0.0
Rita Blanca 14 10 4 5] 35.7 1 7.1
Rustler 29 1 28 0| 0.0 0| 0.0
Sparta 119 4 115 2 1.7 1 0.8
West Texas Bolson 92 68 24 41 | 44.6 17| 185
Woodbine 169 14 155 1| 0.6 0 0.0
Yegualackson 153 22 131 7| 4.6 5 3.3
All Minors 1,894 553 1,341 193| 10.2 62| 33
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Tableb. Distributions of detected arsenic concentrations from the minor aquifer samples in Texas since
1992. Values are based on the latest samples from the TWDB groundwater database and raw water
samples from the TCEQ PWS database. Samples from wells comipletadtiple aquifers are not
included.

) ) Detect | Mean Percentile (ug/L)
Minor Aquifer -

Samples| (ug/L) | Min | 0.05| 0.1 | 0.25| 0.50 | 0.75 | 0.90 | 0.95 | Max
Blaine 32 25| 11| 13|14| 17| 21| 32| 43| 49| 54
Blossom 3 79| 20| 25|30| 45| 7.0| 109]| 13.2| 139| 14.7
Bone Spring/ictorio Peak 2 25| 19| 19| 20| 22| 25| 29| 31| 31 3.2
Brazos River Alluvium 21 47| 10| 11|12| 20| 28| 6.1| 9.6]| 153| 17.3
Capitan Reef Complex 8 29| 09| 10| 11| 17| 20| 26| 49| 75| 102
Cross Timbers 2 71| 69| 70| 70| 70| 71| 72| 73| 73| 7.3
Dockum 181 55| 08| 13|20| 26| 40| 63| 9.8 11.8| 451
EdwardsTrinity (High Plains 16 125| 31| 31| 32| 43| 64| 153| 25.1| 37.6| 564
EllenburgeiSan Saba 19 30| 07| 08(08| 10| 20| 53| 6.2| 7.8| 9.0
Hickory 22 30| 07| 08| 10| 10| 25| 40| 65| 74| 100
Igneous 51 6.7 10| 12|14| 24| 48| 79| 138 17.1| 33.1
Lipan 52 35| 12| 20| 22| 27| 30| 43| 57| 64| 6.9
Marathon 0 - - - - - - - - - -
Marble Falls 4 34| 22| 22| 22| 23| 28| 38| 50| 53| 57
Nacatoch 5 37| 20| 20| 21| 22| 34| 37| 57| 63| 7.0
Queen City 16 21| 09| 10|21| 14| 18| 28| 35| 37| 43
Rita Blanca 10 52| 10| 12|14| 17| 53| 7.2| 10.0| 106 11.2
Rustler 1 23| 23| 23| 23| 23| 23| 23| 23| 23| 23
Sparta 4 53| 14| 18| 21| 32| 45| 6.6| 9.0| 98| 106
West Texas Bolson 68 83| 1.0| 22| 28| 40| 66| 9.4 | 15.1| 19.0| 46.7
Woodbine 14 26| 04| 05|08| 12| 22| 30| 50| 61| 8.0
Yegualackson 22 73] 07| 10|12| 23| 29| 82| 17.8| 18.4| 47.0
All Minors 553 54| 04| 10| 214| 23| 36| 6.4| 108| 15.0| 564
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Table 6. Numbers of minor aquifer PWS systems with arsenic concentrations greater than nominal
background (> 5 ug/L) and greater than the MCL (> 10 [I¢# populations shown are those associated

with PWS distribution systems. The numbers of public entity supply systems are also shown. Public entity
systems provide noftility access to the public and do not haveassociated fixed population number.

Arsenicconcentrations
, (>5 ugiL)
Aquifer : _ :

Public| Distribution| PWS Atisk

Entity | Systems | Population

Dockum 3 1 87
Hickory 1 1 60
Igneous 0 3 2,029
West Texas Bolsons 0 2 5,596
Yegualackson 0 5 8,347
Total Minor Aquifers 4 12 16,116

Table7. Estimated nosPWS system at risk populations with groundwater arsenic concentrations greater
than the MCL (> 10 ug/L) in th@inor aquifers The populations showepresent a 10% increase from the
values shown in the original 2018 rep@Reedy and Scanlon, 2018)

. NonPWSat-risk
Aquifer .
Population
Igneous 161
Sparta 279
West Texas Bolsong 54
Yegualackson 1,306
Total Minor Aquifers 1,800
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Blaine

The Blaine aquifer covers 5,700?rand extends across parts of 17 counties across an area varying from
20 to 60 miles wide extending southward from the eastern Panhandle regigaré8). The aquifer isf
Permianage and includes stratigraphic components of Blaine FormationThe saturated thickness
averages 137 ft ranging up to 300 Water quality is generally poor with concentrations generally
between 3,000 and 10,000 mg/L TDS with high sulfate concentrations.

A total of 79 sampleswere analyzed for arsenic during the study period w&hsamples 40%) having
detectablearsenicconcentrationsMost of the samplesvere located in the northern half of the aquifer
so the kriging results are skewed toward that regidbout90% of the arednadno probability of arsenic
> 5ug/L and a furthed.5% hadvery low to moderate probability of arsenic >5 pgfAlbout 5.%% of the
total aquifer areahad an elevated probability ofrsenic >5 pg/L. The median concentration of pks
with detectable concentrationsvas2.1 ug/L and the 5-95" percentile rangd from 1.3¢4.9 pg/L. No
samples exceeded tharsenicMCL
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Figure8. Blaine aquifer probability distribution of arsenic >5 pdib. groundwater samples from the
Blane aquifer exceextl the 10 pg/L MCL concentration.

No PWS systems impactedere by arsenic concentrations >5 pg/L and therefor® RWS systemsere
impacted by arsenic concentrations >10 pg/L. The-BWS system aisk population of >10 ug/lvas
zera
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Bone SpringVictorio Peak

The Bone Sprimyictorio Peak aquifer covers 7132 the northern part of Hudspeth County in West
TexaqFigurelQ) and extends into southern New Mexicbhe aquiferconsistsis of Permiarimestone
The saturated thickness generally less thaB0O0ft ranging up to700ft. Water quality iggenerally slightly
salinewith concentrations generally betweein000 and3,000 mg/L TD&nging up to 10,000 mg/L in the
Dell Valley area

A total of43 sampleswere analyzed for arsenic during the study period wattly 2 samples3%) having
detectable arsenic concentration&ll of the samples arelusteredin the agricultural regions around Dell
City and the water is used primarily for irrigatiosio sampleshad arsenic concentrations greater than 5
ng/L so the probabilitpf exceeding $rg/Lis zero.Thetwo samples with detectable concentrationsre
1.9pg/Land 3.2ug/L.No samples exceeded the MCL.
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Figure9. Bone SpringVictorio Pealkaquifer probability distribution of arsenic >5 pgMo groundwater
samples from the Blane aquifexceededhe 5 pg/L threshold

Therewere no PWS systems impacted by arsenic concentrations >5 pg/L and therefore no PWS systems
were impacted by arsenic concentrations >10 pg/L. The-RES system aisk population of >10 ug/L
waszero.
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Brazos River Alluvium

The Brazos River Alluviumquifer coversl,050 m? and extends across parts &2 countiesalong the
Brazos River corridor for a distance of 350 miles with a width ranging up to 7Rigase10). The aquifer
consists of floodplain and terrace deposifthe saturated thickness averadssft ranging up tol68ft.

The water table slopes towasdhe river indicating that the Brazos River is primarily gaining and under
water table conditions in most aread/ater quality is generallgoodwith TDSconcentrations generally
below 1,000 mg/Lthough the water is very hard

A total of 44 sampleswere analyzed for arsenic during the study period w2thsamples (8%) having
detectable arsenic concentrationSampleswerelocatedalong the length of thequiferbut are sparse to
absent in many countie§he median concentration of samples with detectable concentratioas2.8
ug/L and the 5-95" percentile rangd from 1.1¢15.3 pg/L.Two samples exceeded the MCL.

About85% of the arednadno probability of arsenic > 5 ug/L and a furti€echadvery low to moderate
probability of arsenic >5 pg/L. AboR% of the total aquifer areaad an elevated probability of arsenic

>5 ug/Llocated in the central part of the aquifer extent in Milam, Burleson, Robertson, and Brazos
counties About 88% of the arel@ad no probability of arsenic > 10 pg/L and the remaining h2blow
probability.

Probability (%) of Probability (%) of
As >5 pg/L As >10 pg/L
| . o o o
<10 fambe: <10 e Chambe:
; 10-25 } 10-25
25-50 25-50 “;t/“%
50-75 50-75 _(
Gu 75-90 a 75-90 e~
. >90 I >9%0 Lavaca Wharton T brasons \gavestf

Figurel0. Brazos River Alluvium Aquifer probability distribution of arsenic >5 pg/L (left) and >10 ug/L
(right).
No PWS systemsere impacted by arsenic concentrations >5 pg/L and therefore no PWS systeras

impacted by arsenic concentrations >10 pg/L. The-RB¥S system aisk population of >10 ug/lvas
zero.
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Capitan Reef Complex

The Capitan Reef Complex covers 1,850 anid extends across parts 8fcountiesin West Texas,
extending into New Mexico to the nortfFigure11). The aquifer consists ohassive to cavernous
limestone and dolomite ranging up to 2,360 ft thidke aquifer is confined in most places but outcrops
in areas of the western mountaing/ater quality ismarginalwith TDS concentratiorsbovel,000 mg/L
ranging to over 5,000 mg/LDS Fresher water from 300 to 1,000 mg/L TDS is present in and near the
mountain outcrop areas.

A total of 37 sampleswere analyzed for arsenic during the study period wittsamples 22%) having
detectable arsenic concentrations. Samplesre locatedin clustersalong the length of the aquifeand

were sparse to absent in many counties. The median concentration of samples with detectable
concentrationswvas2.0 pug/L and the 8-95" percentile rangd from 1.0¢7.5 pug/L.One sample exceeded

the arsenicMCL.

About 99% of the arednadno probability of arsenic > 5 pgithile 1%hadvery high probabilityocated
in the central part of theasten aquiferarm in Pecos Countimilarly, 99 of the aredadno probability
of arsenic > 10 pg/L and the remainitiphadvery high probability
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Figurell. Capitan Reef Complex probability distribution of arsenic >5 pg/L (left) and >10 ug/L (right).

No PWS systerwas impacted by arsenic concentrations >5 pg/L and therefore no PWS sysésm
impacted by arsenic concentrations >10 pg/L. The-BWS system aisk population of >10 pg/ivas
zero.
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Dockum

The Dockum aquifer covers BB0 m? and extends across parts 4 counties fromthe Oklahoma border

in the northwestern Panhandle to south to the general area of Midl8rXas Figurel?). The aquifer is

Late Triassic age and includes the stratigraphic components of the Dockum Group, including the Santa
Rosa, Tecovas, Trujillo, and Copper Canyon formatager quality is generally poor with fresh water
present primarily in the outcrop areas in the north and southeast. The Dockum undbei€dgallala,

Pecos Valley, Edwardsinity Plateau, and Edwardsinity High Plains aquifers

A total of 311 sampleswere analyzed for arseniduring the study period with&1 samples (B%) having
detectable concentrations. Abo36% of the area hé&ino probability of arsenic > 5 [lgand a furthe’51%
hadvery low to moderate probabilitgf arsenic >5 pg/lAbout 13% of the total aquifer arehadelevated

to very high probabilities of arsenic >5 pg/L. The spatial pattern of probabibiigslayedartifacts of
limited data density, particularly in the confined areAbout 65% of the arelaadno pradbability of arsenic

> 10 ug/L and a further 32%@d very low to moderate probability of arsenic > 10 pg/L. About 3% of the
total aquifer areehadelevated to very high probabilities of arsenic >10 ug/L.

The median concentration of samples wiletectable concentrationsvas 4.0 ug/L and the %-95"
percentile rangd from 1.3¢11.8 pg/L. A total ofl6 samples %.1%) exceeded the MCL with a range of
concentrations from Q.7 pug/L to 45.1ug/L.
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Figurel2. Dockum aquifer probability distribution of arsenic >5 pg/L (left) and >10 pg/L (right). While the
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of the defined aquifer to regions that have waigith total dissolved solids (TDS) <3000 mg/L.

Based on the TCEQ PWS databme,PWS systemaere impacted by arsenic concentrations >5 pg/L,
including3 public entities andL distribution system with a population &7 people.Based on the EPA
PWS databasehére are noPWS systems thatere impacted by arsenic concentrations >10 pdgibe
non-PWS system aisk population of >10 pg/lvashigh at 15,463located primarily inrRandall, Potter,
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and Deaf Smith counties in the north and Ector, Andrews, Gaines and Howard counties in the south

However, these areas also lie within the limits of {oeerlying)Ogallala aquifer and the numbers of
domestic wells in the Dockum is likely very smiaticordingly, the estimated neRWS atisk population

waszero.
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EllenburgegSan Saba

TheEllenburgerSan Sabaquifer covers 800 m?f and extends across parts D6 counties surrounding
the Llano Uplift in central Tex@Sigurel3). The aquifer is composed ofimestones and dolomites of the
Tanyard, Gorman, and Honeycutruations of the Ellenburgerr@up and the San Saba limestone of the
Wilberns Formation antbtal thicknesganges up to 2,00 ft thick.The confinedareasof the aquifer dip
away from the uplift to depthof 3,000 ft andare compartmentalized by regional block faulting.

A total of 164 sampleswere analyzed for arsenic during the study period withly 19 samples 12%)
having detectable concentrations. Abo8®% of the areahad no probability of arsenic > 5 pg/L and a
further 11%hadvery low to moderate probability of arsenic >5 pglnly dout 0.2% of the total aquifer
areahad elevated to high probabilities of arsenic >5 uglhe kriging results display artifaaisie to
limited datain large areas of the aquifeand the high probability areas are confined to very sragdhs
aroundwells withelevated concentratios, potentially due to the fault compartmentalizatiohe median
concentration of samples with detectable concentratiovas2.0 ug/L and the 8-95" percentile range
from 0.8¢7.8 ug/L.No samples exceexl the 10 pg/LMCL.

|| Probability (%) of

Coleman 1 Hamitton

Figure 13. EllenburgeiSan Saba aquifer probability distribution of arsenic >5 pg/L. There are no
groundwater samples from the Ellenburggan Saba aquifer that exceed the 10 ug/L MCL concentration.

Therewere no PWS systems impacted by arsenic concentrations >5 pg/L and therefore no PWS water
supply systemswere impacted by arsenic concentrations >10 pg/L. The -BWS system aisk
population of >10 pg/aszero.
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Hickory

The Hickory aquifecovers 8,60 m? and extends across parts of X counties surrounding the Llano Uplift
in central TexasH{gurel4). The aquifer is composed of parts of the Hickory Sandsidember of the

Riley Formation with a total thickness ranging up to #8&tick. While water quality is generally good in

the Hickory aquifer with TDS < 1,000 mg/L, the primary contaminants of concern are radium and
associated radon and gross alpha radiation.

A total of 137 sampleswere analyzed for arsenic during the study period with oB3/samples 16%)
having detectable concentration¥he kriging results display artifacts resulting from limited data in large
areas of the aquifer and the high probability areas geeerallyconfined to very small areas around the
offending wells, potentially due to fault compartmentalization similar as in the Ellenb@gerSaba
aquifer. About58% of theHickoryareahadno probability of arsenic > 5 pg/L and a furtl@®sohadvery

low to moderate probability of arsenic >5 pgAbout 4% of the arehadelevated to high probabilities,
and anly aboutl% of the total aquifer arehadelevated toveryhigh probabilities of arsenic >5 ug/L. The
median concentration of samples witletectable concentrationaas2.5 pg/L and the 8-95" percentile
rangewas0.8¢7 4 ug/L.No samples exceextl the 10 pg/L MCL.
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Figurel4. Hickory aquifer probability distribution of arsenic >5 pg/L. There are no groundwater samples
from the Hickory aquifer that exceed the 10 pg/L MCL concentration.

Based on the TCEQ PWS databtge PWS systemwere impacted by arsenic concentrations >5 pg/L,
including 1 public entity and 1 distribution system with a population of 60 people. Based on the EPA PWS
database, no PWS systemsre impacted by arsenic concentrations >10 pugfbe nonPWS system at

risk population of >10 pghvaszero.

28



Igneous

The Igneous aquifer covers 6,10F amd extends across parts of 6 counties in western Texas primarily in
Presidio, Jeff Davis, and Brewster counties with minor areas in Culberson, Reeves, and Pecos counties
(Figurel5). The aquifer is composed of a complex serigsyaficlastic and volcanoclastic sediments up to

6,000 ft thick Thelgneousunderliesparts of the West Texas Bolson aquifer

A total of 78 sampleswere analyzed for arsenic during the study period withsamples §5%) having
detectable concentrations. Abo@0% of the aredadno probability of arsenic > 5 ug/L and a furtd&po
hadvery low to moderate probabilitgf arsenic >5 pg/L.out 28% of the total aquifer arehadelevated
to very high probalilities of arsenic >5 pg/LOnly about 5% of the aquifer areldad elevated or
probabiities of arsenic > 10 ug/Datawere limitedparticularly in thecentral region where probabilities
werethe highest The median concentration of samples with detectable con@itnswas4.8 ug/L and
the 5"-95" percentile rangevas 1.2¢17.1 pg/L. A total ofl2 samples 19%) exceeded the MCL with a
range of concentrations frorh0.9 pg/L to 33L pg/L.

Probability (%) of 3 Probability (%) of
As >5 ug/L A R Reeves As >10 ug/L
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Figurel5. Igneous aquifer probability distribution of arsenic >5 pg/L (left) and >10 pg/L (right).
Based on the TCEQ PWS databtisee PWS systemall distribution systemsyereimpacted byarsenic
concentrations >5 pg/with atotal population of 2026 people.Based on the EPA PWS databakerd

was onePWS distribution systerfCandaleira Water Supply Corporatidhat wasimpacted by asenic
concentrations >10 pg/lvith a population 0fL38 people (Table8). Theestimatednon-PWS system at

risk population of >10 pgAvassmallat 161. Howeverthis ispossiblyanover-estimateas the population
densityisgenerallyverylow in this region.

Table8. Igneous aquifer PWS systems with violations for arsenic concentrations based on the US EPA
database.

s"'r x‘ 2

System| Primary .| Population
PWS ID Name Ownership

Type | Source Served
1890011| Candelaria Water Supply Co.l| Comm.| GW Public 84
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Lipan

The Liparaquifer covers 2,00 m? and extends across parts eightcounties in western Texas primarily

in Tom Green, Concho, and Runnetsinties(Figurel6). The aquifer is composed of valley fill alluvium
with up to~125 ft of saturated thickness. General water quality in the Lipan ranges from about 350 mg/L
to 3,000 mg/L TDS. The primary contaminant of concern in the Lipan is nitrate and the aquifer is used
primarily for irrigation.

A total of 63 sampleswere analyzed for arsenic during the study period with samples (8%) having
detectable concentrations. Abo6d% of the arednadno probability of arsenic > 5 ug/L and a furt2&8o
hadvery low to moderate probability of arsenic >5 pg/L. Abbifio of the total aquifer arehadelevated

to high probadities of arsenic >5 pg/L. Tliatawerelimited to the central regiorof the valley floor and
therewereno samples from the narrower upland regions to the west and northwest or from the southern
confined region The median concentration of samples with detectable concentratieass3.0 pug/L and

the 5"-95" percentiles ranged from 2.0¢6.4 pg/L.No samples exceeded the 10 pg/L MCL.
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Figurel6. Lipan aquifer probability distribution of arsenic >5 pddb.groundwater samples from the
Lipan aquifeexceededhe 10 pg/L MCL concentration.

No PWS systemwere impacted by arsenic concentrations >5 pg/L and therefore no RYg&m
exceeded 10 pg/L
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Marathon

The Marathon aquifer covers 390 ‘ocated entirely in Brewster CountfFigure17). The aquifer is
composed ofightly folded and faulted limestones and chevigh most well depths shallower than about
250ft of saturated thickness. General water quality in tMarathon is fresliangngfrom about 0 mg/L

to 1,000 mg/L TD&nd is very hard

A total of 34 sampleswere analyzed for arsenic during the study period with zero samples having
detectable concentrationsihe highest detection limit was 2réy/L.

Probability (%) of
As >5 g/l

Figurel7. Marathonaquifer probability distribution of arsenic >5 pgHlio groundwater samples from the
Lipan aquifer exceeati the 10 pg/L MCL concentration.

Therewere no PWS systems impacted by arsenic concentrations >5 pg/L and therefore no PWS systems
were impacted by arsenic concentrations >10 pg/L. The-RWS system aisk population of >10 pg/L

waszero.
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Nacatoch

The Nacatoch aquifer covers @(Bmi? located along a narrow corridor that stretches across 17 counties
in northeastern Texad-{gurel18). The aquifer is composed of a sequence of sandsteaparated by
impermeable clay and mudstone layers. Fresh water saturated thickness averages abouté&feftal
water quality in the Marathon islightly salineanging from aboutl,000 mg/L t03,000 mg/L TDS and is
high in sodium carbonate

A total of 34 sampleswvere analyzed for arsenic during the study period with 5 samples (15%) having
detectable concentrations. Abo@3% of the arednadno probability of arsenic > 5 pg/L and a furtl38s
hadvery low to moderate probability of arsenic >5 pg/L. Ab&ut of the total aquifer arehadelevated

to high probabilities of arsenic >5 pg/L. The datxelimited to the central region of the valley floor and
therewereno samples from the narrower upland regions to the west and northwest or froradbthern
confined region. The median concentration of samples with detectable concentratias3.4 pug/L and

the 5"-95" percentile rangd from 2.0¢6.3 pg/L.No samples exceeded the 10 ug/L MCL.

Grayson Fannin

Collin

Dallas|

Van Zandt
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Figurel8. Nacatoch aquifer probability distribution of arsenic >5 pbkh groundwater samples from the
Nacatochaquifer exceeddthe 10 pg/L MCL concentration.

Therewere no PWS systems impacted by arsenic concentrations >5 pg/L and therefore no PWS systems
were impacted by arsenic concentrations >10 pg/L. The-RES system aisk population of >10 ug/L
waszero.
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Queen City

The Queen Citaquifer covers 1800 m? and extends across parts 42 counties inthe upper coastal
plain of TexagFigurel9). The aquifer is congsed ofsands and loosely cemented sandstones with an
average fresh watesaturated thicknesef 140 ft General water quality in th®ueen Citys generally less
than 1,000 mg/L

A total of226samplesvereanalyzed for arsenic during the study period vatily 16 samples %) having
detectable concentrationsThe entire aquifeareahad zeroprobability of arsenic > 5 pgés the highest
concentration measuredwas 4.3 pg/L The median concentration of samples with detectable
concentrationsvas 1.8 ug/L and the 5-95" percentile rangd from 1.0¢3.7 pg/L.No samples exceeded
the 10 ug/L MCL.
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Figurel9. Queen City aquifer probability distribution of arsenic >5 uh groundwater samples from
the Queen City aquifer exceedthe 10 pg/L MCL concentration.

No PWS systemsere impacted by arsenic concentrations >5 pg/L and therefore no PWS systeras
impacted by arsenic concentrations >10 pg/L. The-BWS system aisk population of >10 ug/lvas
zero.
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Sparta

TheSpartaaquifer covers 7,900 rhand extends across parts 26 counties in the upper coastal plain of
Texas Figure20). The aquifer is represented by the Sparta Formation of the Claiborne Group with a
freshwater saturated thickness of about 120@&eneral water quality in thBpartais less than ;D00 mg/L

TDS.

A total of 119 sampleswere analyzed for arsenic during the study period with ofdyr samples %)
having detectable concentrationdbout B% of the aredhad no probability of arsenic > 5 pg/L attte
remaining7% hal averylow probability.The median of samples with detectable concentratio@s4.5
ug/L and the 8-95" percentile rangd from 1.8¢9.8 pg/L.One sampleexceeded the 10 ug/L MGLO6
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Figure20. Sparta aquifer probability distribution of arsenic >5 ug/L (left) and >10 ug/L (right).

No PWS systemsere impacted by arsenic concentrations >5 ug/L and therefore no PWS water supply
systemswere impacted by arsenic concentrations >10 pg/L. The-BWS system aisk population of
>10 pg/Llwas253 people
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West Texas Bolsen

The West Texas Bolswaquifer covers B00 m? and extends across parts dfcounties in west Texas
along the international border with Mexio@-igure21). The aquifer is composed of a series of bdiin
deposits ranging up to 3,000 ft thick with an average freshwater saturated thickness of 580 ft. Water
quality is locally <1,000 mg/L TDS but ranges up to 4,000 mg/L TDS.

A total 0of92 sampleswere analyzed for arsenic during the study period wéh samples (74%) having
detectable concentrations. Abouii5% of the areahad a very low to moderate probability of arsenic >5
pg/L. About35% of the total aquifer arehadelevated to very high probabilities of arsenic >5 yuipia
were limited and one bolsonhad no data The median concentration of samples with detectable
concentrationsvasd6.6 pug/L and the 8-95" percentile ranged from2.2¢19.0 pg/L. A total of 17 samples
(19%) exceeded the MCL with a range of concentrations from 10.3 pg/L to 46.7 pg/L.
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Figure21. West Texas Bolsons aquifer probability distribution of arsenic >5 pg/L (left) and >10 pg/L (right).

Based on the TCEQ PWS datalilaeePWS systemwereimpacted by arsenic concentrations >5 ug/L
with a total population 065,596 people. Based on the EPA PWS database PWSdistribution system
was impacted by arsenic concentrations >10 pgflable 9). The estimated no#WS system aisk
population of >10 pg/L is small 54.

Table9. West Texas Bolsons aquifer PWS systems with violations for arsenic concentrations based on the
US EPA database.

System| Primary | Population
PWS ID Name Ownership

Type | Source Served
1890012 | Redford Water Supply Comm.| GW Public 82
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Woodbine

TheWoodbineaquifer covers 7,300 rhand extends across parts of t@unties in north central Texas
(Figure22). The aquifer is composed of interbedded sandstones, shales, and clays up to 600 ft thick with
an average freshwater saturated thickness of 160 ft. Water qusditgs to decrease with increasing
depth with<1,000 mg/L TDshallower than about 1,500 ft ranging to4,000 mg/L TDS at greater depths.

A total of 169 sampleswere analyzed for arsenic during the study period withsamples (80) having
detectablearsenicconcentrations. Abou®9.7% of the aredhad no probability of arsenic >5 ug/L. About
0.5% of the total aquifer arehad elevated to very high probabilities of arsenic >5 pg/L. The median
concentration of samples wittetectable concentrations/as2.2 ug/L and the 8-95" percentile rangd

from 0.5¢6.1 ug/L.No samples exceextl 10 ug/LMCL
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Figure22. Woodbine aquifer probability distribution of arsenic >5 pdlb. groundwater samples from
the Woodbine aquifer exceed the 10 pg/L MCL concentration.

Based on the TCEQ PWS database thwene no PWS systemimpacted by arsenic concentrations >5
pg/L. Based on the EPA PWS database, thene no PWS systems thatere impacted by arsenic
concentrations >10 pg/[The noRPWS system aisk population of >10 pghvaszero.
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Yegualackson

The YeguaJacksoraquifer covers @,900 m? and extends across parts of 8éunties in west Texas in
Presidio, Jeff Davis, Culberson, and Hudspeth courigar€23). The aquifer is composed of a series of
basinfill deposits ranging up to 3,000 ft thick with an average freshwater saturated thickness of 580 ft.
Water quality is locally <1,000 mg/L TDS but ranges up to 4,000 mg/L TDS.

A total of153 sampleswere analyzed for arsenic during the study period w2thsamples (4%) having
detectable concentrationsAbout 61% of the aredadno probability of arsenic >5 ug/L whi22% of the
areahada very low to moderate probability of arsenic >5 uddatawere limitedin the southern areas
of the aquifer where ars@ic concentrationsvere highest The median concentration of samples with
detectable concentrationss 2.9 ug/L and the 8-95" percentile rangd from 1.0¢18.4ug/L. A total o6
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Figure23. Yegualackson aquifer probability distribution of arsenic >5 pg/L (left) and >10 pg/L (right).

Based on the TCEQ PWS datalfasePWS systesmwereimpacted by arsenic concentrations >5 ug/L
with a total population 08,347 people. Based on the EPA PWS datab@se PWS distribution systes
were impacted by arsenic concentrations >10 pgfth an associated population 6f942people {Table
10). The estimated no#®WS system aisk population of >10 pghvas1,309people

Tablel0. Yegualackson aquifer PWS systems with violations for arsenic concentrations based on the US
EPA databas®oth systems obtain their water from the Fayette Water Supply Co. West (PWS ID 0750022)

System Primary i Population
PWS ID Name Ownership
Type Source Served
0750002 | City of Flatonia Comm. GwW Local Government 1,969
0750003 | City of La Grange Comm. GWwW Local Government 4,973
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Summary

Quantifying the spatial distribution of groundwater arsenic concentrations in aquifers in Texas is critical
for managinggroundwater resources ithe state This study evaluated the probability of groundwater
arsenic leveldn the minor aquifers of Texamsxceeding threshold levels of &g/L, considered above
background, and exceeding L@/L (the EPA MCL) usingd; analyses from 1992 2025. The number

of watersamples that exceedeithe MCL totaled2 (3% ofall analyses).

Atotal of 62 samplegxceeded the arsenic MCL of 10 pghlhich representsl1% of all analyses with
detectable arsenic and 3% of all samples used in this sflkdgmedian arsenic concentratioim the
samples with detectable arsenic (29% of samples, 553 samples}.@/ag/L. Most samples {1%of
samples 1,342 samples) had nettetectable arsenic concentration®verall, 87% of the samples in this
study (1,648 samples) wek§ pg/L threshold while only 3.3% (62 samples) had arsenic concentrations >
10 pg/L MCL threshold.

Arsenic MCL exceedances were restricted to 10 out of thmi2dr aquifers.The percentages of MCL
exceedances were highest in tlglwardsTrinity High Plaingquifer 33%of sample$, followed by the

West Texas Bolsons aquifers (19%) and Igneous (15%) aqsfren aquifers had between 0.8% and
7.1% of samples exceeding the MCL while the remaining 12 aquifers had no samples exceeding the MCL.

A total of four PWS systems that rely solely on minor aquifer water souhaas reported arsenic
noncompliance i total ofat least one of the last 12 quarters (July 2@2Z=ine 2025)These PWS systems
serve ~6,072 people and accounts 02% of the 2025 Texas total populatidvost (99.5%, 5,802
people) are associated with a single PWS systemi-dlyette Water Supply Company West, located in La
Grange, Fayette County, that sources its groundwater from both the Sparta and the-Jésisan
aquifers anl supplies the water systems for the cities of Flatonia and La Grange. The most likely source of
the noncompliantgroundwvater is the Yegudackson Aquifer.
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Figure24. Blaine aquifer probability distribution of arsenic >5 ug/L.
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Figure25. Bone SpringVictorio Peak aquifer probability distribution of arsenic >5 pg/L.

43



Figure26. Brazos River Alluvium aquifer probability distribution of arsenic >5 pg/L.
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Figure27. Brazos River Alluvium aquifer probability distribution of arsenic >10 pg/L.
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Figure28. Capitan Reef Complex aquifer probability distribution of arsehijogA..
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Figure29. Capitan Reef Complex aquifer probability distribution of arsenic >10 pg/L.
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Figure30. Dockum aquifer probability distribution of arsenic >5 pg/L.
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Figure31. Dockum aquifer probability distribution of arsenic >10 ug/L.

49



