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Water-Quality Comparison of the Gulf Coast Aquifer System and 
Carrizo-Wilcox Aquifer in Texas From National Water-Quality 
Assessment Project Principal Aquifer Surveys, 2013 and 2015

The U.S. Geological Survey’s National Water-Quality 
Assessment (NAWQA) Project assessed the quality of groundwater 
in aquifers that are important sources of drinking water in the 
United States (DeSimone and others, 2014). One major aquifer 
in Texas that was assessed by NAWQA in 2013 is the coastal 
lowlands aquifer system, which is often referred to in Texas as the 
“Gulf Coast aquifer system” (fig. 1). The coastal lowlands aquifer 
system supplies water for millions of people; Maupin and Arnold 
(2010, p. 5) reported that self-supplied (private) well withdrawals 
in 2005 from this aquifer system were the sixth largest among all 
major aquifer systems in the Nation. A major aquifer in Texas that 
was assessed by NAWQA in 2015 is the Texas coastal uplands 
aquifer system; the Carrizo-Wilcox aquifer is one of several 
aquifers that compose this aquifer system in Texas. The rocks 
composing the Texas coastal uplands aquifer system extend east 
from Texas as part of the Mississippi embayment aquifer system 
and underlie areas of several States (fig. 1) (Renken, 1998). The 
Texas coastal uplands aquifer system and Mississippi embayment 
aquifer system are often collectively referred to as the “Mississippi 
embayment-Texas coastal uplands aquifer system” (for example, 
Kingsbury and others, 2014). Self-supplied withdrawals from the 
Mississippi embayment-Texas coastal uplands aquifer system in 

2005 were the eighth largest among all major aquifer systems in the 
Nation (Maupin and Arnold, 2010). The coastal lowlands aquifer 
system and Mississippi embayment-Texas coastal uplands aquifer 
system were assessed as part of the NAWQA Principal Aquifer 
Surveys (PAS), which were designed to evaluate constituent 
concentrations in water samples obtained from domestic and 
public-supply wells prior to any treatment (DeSimone and others, 
2014). PAS assessments like these allow for the comparison of 
water-quality concentrations in untreated groundwater using 
preestablished benchmarks for the protection of human health and 
for aesthetic qualities such as taste, color, and odor. The use of 
preestablished benchmarks can provide a basis for comparison of 
groundwater quality among principal aquifers (Norman and others, 
2018).

The Gulf Coast aquifer system in Texas consists of a 
fluvial-deltaic wedge of discontinuous beds of sand, silt, and clay 
sediments deposited in bands that parallel the Gulf of Mexico 
coastline and range in age from Miocene to Holocene (Ryder, 
1996). This wedge of unconsolidated to poorly consolidated 
sediments increases in thickness and depth toward the gulf 
(Ryder, 1996; Oden and Szabo, 2015). The Gulf Coast aquifer 
system stratigraphically consists of (from youngest to oldest) 

Figure 1. Principal Aquifer Survey groundwater well networks sampled in the Gulf Coast aquifer system and 
Carrizo-Wilcox aquifer in Texas in 2013 and 2015, respectively.
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the Chicot aquifer, Evangeline aquifer, Burkeville confining 
unit, Jasper aquifer, and Catahoula Sandstone (Oden, 2011). The 
Chicot and Evangeline aquifers historically were the primary 
sources of municipal supply water for the City of Houston; 
currently (2019) these aquifers provide only 14 percent of the 
source water for municipal supply in Houston (Oden and Szabo, 
2015; City of Houston, 2019). The Carrizo-Wilcox aquifer 
consists mostly of sand that is locally interbedded with gravel, silt, 
clay, and lignite. Stratigraphically between the Gulf Coast aquifer 
system and the underlying (older) Carrizo-Wilcox aquifer is a 
series  of minor aquifers (Yegua-Jackson, Sparta, and Queen City 
aquifers) that supply water to numerous cities and for agricultural 
purposes in a large part of Texas (George and others, 2011).

Overview of Water-Quality Sampling and 
Benchmarks for Evaluating Groundwater 
Quality

The public-supply well networks completed in the Gulf 
Coast aquifer system and Carrizo-Wilcox aquifer were sampled as 
part of the coastal lowlands aquifer system PAS and the Mississippi 
embayment-Texas coastal uplands aquifer system PAS in 2013 
and 2015, respectively, to assess groundwater quality in parts 
of these aquifers deeper than those tapped by domestic wells. 
Samples were analyzed for basic water-quality properties (such 
as dissolved oxygen, pH, specific conductance, temperature, and 
turbidity), major ions, nutrients, organic carbon, trace elements, 
select age-dating tracers, radionuclides, an extensive suite of 
pesticides, volatile organic compounds (VOCs), pharmaceuticals, 
and hormones. Water-quality results were compared to available 
benchmarks established for drinking-water quality or human-
health concerns (fig. 2). Comparisons to preestablished 
benchmarks for drinking water provide context for evaluating the 
quality of untreated groundwater; the quality of finished (treated) 
drinking water often differs from the quality of untreated water 
(Norman and others, 2018). The water-quality analyses included 
many constituents that are generally not included as part of 
regulatory compliance monitoring. Some constituents that are 
useful for determining the sources and movement of groundwater 
were measured at concentrations lower than human-health 
benchmarks.

Water-Quality Results for the Gulf Coast 
Aquifer System and Carrizo-Wilcox Aquifer

Groundwater samples from public-supply wells completed 
in the Gulf Coast aquifer system and Carrizo-Wilcox aquifer were 
analyzed for inorganic constituents (such as dissolved solids, 
chloride, nutrients, and trace elements), radionuclides (such as gross 
alpha and beta activity and radon-222), and organic compounds 
(DeSimone and others, 2014). Many inorganic constituents are 
naturally present in groundwater. The concentrations of some 
inorganic constituents (such as dissolved solids and chloride) 
can be affected by natural processes and by human activities and 
can affect the aesthetic properties of water or can create nuisance 
problems, such as staining and scaling. The benchmarks used for 
dissolved solids and chloride are nonregulatory secondary maximum 
contaminant levels established for drinking water (Norman and 
others, 2018). Dissolved-solids concentration is a measure of the 
salinity of the groundwater based primarily on the concentrations 
of ions (such as chloride) and can affect aesthetic properties such 
as taste (fig. 3). All water naturally contains dissolved solids from 
weathering and dissolution of minerals in rocks and sediments, 
but some of the dissolved solids in water can result from human 
activities, such as fertilizer applications to land surface (Hem, 1985). 
Elevated dissolved-solids concentrations in groundwater may reflect 
longer residence times from deeper wells (fig. 3) (Kingsbury and 
others, 2014; Oden and Szabo, 2015).

Figure 3. A, Dissolved-solids and B, chloride concentrations in milligrams per liter (mg/L) and C, well depth in feet (ft) for groundwater 
sampled in the Gulf Coast aquifer system and the Carrizo-Wilcox aquifer in Texas.

N
um

be
r o

f s
am

pl
es

0

5

10

15

20

25

30

35 EXPLANATION

Below detection limit

Low

Moderate

High
Very high

Concentrations are considered very high
if they are greater than twice the human-health
benchmark but only high if they are greater 
than the benchmark but less than twice
the benchmark. 

Concentrations are considered moderate
if they are greater than one-half the benchmark
but less than the human-health benchmark. 

Concentrations are considered low if they
are less than one-half the benchmark but
higher than the detection limit for the constituent.

0

5

10

15

20

25

30

35

N
um

be
r o

f s
am

pl
es

Gulf Coast
aquifer system

Carrizo-Wilcox
aquifer

EXPLANATION

Chloride, in mg/L

<125

125 to 249

250 to 500
>500

0

5

10

15

20

25

30

35

N
um

be
r o

f s
am

pl
es

Gulf Coast
aquifer system

Carrizo-Wilcox
aquifer

EXPLANATION

Dissolved solids,
in mg/L

<250

250 to 499

500 to 1,000
>1,000

N
um

be
r o

f s
am

pl
es

0

5

10

15

20

25

30

35

Gulf Coast
aquifer system

Carrizo-Wilcox
aquifer

EXPLANATION

Well depth, in ft

<300

300 to 800

>800

Note: Well depth does not have
a designated benchmark.

A CB

Figure 2. Example graph for concentrations 
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Nutrients
Nutrients, such as nitrate, nitrite, and 

phosphorus, are naturally present at low 
concentrations in groundwater (less than one-half 
of human-health benchmarks); moderate or high 
concentrations (relative to human-health benchmarks) 
generally result from human activities (DeSimone 
and others, 2014). Samples in the PAS studies were 
analyzed for five nutrients, of which two (nitrate and 
nitrite) have human-health benchmarks (Norman 
and others, 2018). Common sources of nutrients, 
aside from soils, include fertilizer applied to crops 
and landscaping, seepage from septic systems, and 
human and animal waste (Hem, 1985). Analysis 
results for nitrogen in groundwater included nitrate 
plus nitrite concentrations. Because most of the nitrite 
concentrations in the groundwater samples were below 
detection limits (0.04 milligrams per liter), most of 
the nitrogen occurs as nitrate in the Gulf Coast aquifer 
system and Carrizo-Wilcox aquifer and may be related 
to dissolved oxygen concentrations in groundwater 
(fig. 4) (Arnold and others, 2016, 2017, 2018).

Figure 4. A, Nitrate and B, dissolved oxygen concentrations in milligrams per liter 
(mg/L) for groundwater sampled in the Gulf Coast aquifer system and the Carrizo-Wilcox 
aquifer in Texas.

Trace Elements

Trace elements, such as arsenic and manganese, 
are naturally present in the minerals of rocks, soils, 
and sediments and in the water that interacts with 
those materials, although the concentrations of some 
trace elements can be affected by human activities 
(Hem, 1985). Samples in the PAS studies were 
analyzed for 34 trace elements, of which 19 have 
human-health benchmarks (Norman and others, 
2018). Arsenic and manganese were the only trace 
elements detected at concentrations that exceeded 
established human-health benchmarks (fig. 5) 
(Arnold and others, 2016, 2017, 2018).
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Figure 5. A, Arsenic and B, manganese concentrations in micrograms per liter (μg/L) 
for groundwater sampled in the Gulf Coast aquifer system and the Carrizo-Wilcox 
aquifer in Texas.

Radionuclides

Radioactivity is the release of energy or energetic particles 
during the spontaneous decay of unstable atoms (radionuclides). 
Humans are continuously exposed to small amounts of natural 
radioactivity. Most of the radioactivity in groundwater comes from 
the decay of isotopes of uranium and thorium that are naturally 

present in minerals in aquifer materials (Hem, 1985). Samples in the 
PAS studies were analyzed for eight radionuclides, four of which 
have human-health benchmarks (Norman and others, 2018). Gross 
alpha activity, gross beta activity, and radon-222 were the only 
radionuclides detected at concentrations that exceeded established 
human-health benchmarks (fig. 6) (Arnold and others, 2016, 2017, 
2018).
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Figure 6. A, Gross alpha and B, gross beta activity and C, radon-222 concentrations in picocuries per liter (pCi/L) for groundwater sampled in 
the Gulf Coast aquifer system and the Carrizo-Wilcox aquifer in Texas.



Organic Compounds

Organic compounds derived from human activities are 
found in household, business, industrial, and agricultural products 
and can enter the environment through normal usage, spills, or 
improper disposal. Many organic compounds are commonly 
detected in surface water and bed sediments in urban, suburban, and 
agricultural areas (Battaglin and others, 2018). Organic compounds 
that were analyzed in the PAS studies included VOCs, pesticides, 
pharmaceuticals, and hormones (DeSimone and others, 2014). Many 
of these organic compounds do not have established human-health 
benchmarks, but none of the concentrations measured in groundwater 
samples collected from wells completed in the Gulf Coast aquifer 
system or Carrizo-Wilcox aquifer exceeded any established human-
health benchmarks for organic compounds (fig. 7) (Norman and 
others, 2018; Arnold and others, 2016, 2017, 2018).
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