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Abstract: The purpose of this study was to evaluate the public water contamination levels of Win-

kler County, in West Texas. With water scarcity becoming more prevalent in arid climates like West 

Texas, it is important to ensure the water quality in these areas. The Dockum and Pecos Valley aq-

uifers were analyzed for inorganic pollutants that could inhibit the water. The parameters such as 

copper, lead, arsenic, nitrate, chloride, and chromium level reports were provided from 1972 to 2018 

to analyze and compare to other studies such as the ones conducted in the Midland/Odessa area. 

The results were compared to the Environmental Protection Agency (EPA) safety standards, and 

conclusions were made for the safety consumption of water within the county. We found that inor-

ganic pollutants resulted mainly from the mobilization of the contaminant from anthropogenic ac-

tivities such as chemical fertilizers, oil and gas developments. This research provides important in-

formation for inorganic pollutants in the sinkhole region of Winkler County and contributes to un-

derstanding the response to the aquifers. The significance of water quality in West Texas is now 

more important than ever to ensure that everyone has clean drinking water. 
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1. Introduction 

Water is essential for sustaining life on earth. The earth is made up of about 70% 

water, covering most of the planet; however, 97.5% of the earth’s water is saltwater, only 

leaving 2.5% of the water fresh [1–3]. With supplies of fresh water becoming more limited, 

it is imperative to become aware of the pollution of our fresh drinking water and take the 

necessary steps in keeping our water supply clean. Groundwater comes from precipita-

tion; as the water falls, it seeps into the ground and is stored in permeable bodies of rocks 

known as aquifers [4,5]. 

Groundwater is considered a renewable resource; however, in arid climates like West 

Texas there is little natural recharge to the aquifers [5–7]. Groundwater serves an espe-

cially important role in West Texas. It is the most important factor regulating ecosystem 

processes, as a result of which environmental processes are frequently water-stressed 

[6,8]. With the population rising in recent years, there has been a higher demand for po-

table water, making groundwater resources even scarcer. 

With groundwater being susceptible to pollutants, pollutants can enter an aquifer 

through numerous ways such as industrialization, mining, agricultural runoff, pesticides 

applied to crops and road salts. The Environmental Protection Agency (EPA) has deter-

mined that a contaminant poses a risk to water quality and can develop a maximum con-

taminant level (MCL) [2,9–11]. Among all the different contaminants, inorganics such as 

copper, lead, arsenic, nitrate, chromium, and chloride have proven to be the most detri-

mental for human health, apart from chloride [12–16]. Although these inorganics can be 
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found naturally in water bodies, it is agriculture, littering, and industrialization that cause 

the inorganic levels to rise to harmful effects in water [12,17]. 

There have been numerous research studies about groundwater qualities and con-

taminations in Texas [15,18,19]. Previous studies [15,20] conducted a study on the concen-

trations of nitrate, chloride, and dissolved solids in the Ogallala Aquifer, which is one of 

the most prominent aquifers in the state of Texas. While in the study they state that, West 

Texas illustrates widespread areas of poor groundwater quality, likewise, one of those 

studies being from the University of Texas at Austin, Reedy et al. [18], led an extensive 

analysis report covering groundwater contamination across the state of Texas. The study 

evaluated the harm of groundwater contamination to human health and also recom-

mended solutions to prevent it.  

Some studies have been undertaken to evaluate the groundwater quality in West 

Texas according to anthropogenic influences such as oil production or agriculture [12,21–

25]. Researchers [22,23,26] led studies about the relation to human activities and ground-

water contamination in West Texas, concluding that human activities have an undeniable 

effect on drinking water, especially in agriculture and the oil industry. In addition, Hudak 

[15] conducted a study of the concentrations of nitrate, arsenic, and selenium in the Pecos 

Valley Aquifer, one of the aquifers analyzed in this study. He concluded that natural ge-

ology, inter-aquifer flow, oilfield brine, and agriculture sources likely contributed to the 

elevated concentration levels [24,25]. However, few studies have monitored groundwater 

quality in West Texas related to the sinkhole regions. 

With everything mentioned above about the importance of groundwater, the pur-

pose of this study was to evaluate the groundwater quality in Winkler County, Texas, 

USA. Levels of copper, lead, arsenic, nitrate, chloride, and chromium in groundwater 

were analyzed to produce a conclusion about the safety consumption of water in the 

county. This research contributes to an understanding of the response of groundwater 

qualities in the Sinkhole Region. Therefore, this study can provide important information 

for groundwater qualities in making decision and developing plans for the groundwater 

resources in the future. 

2. Study Area 

The area of study is located in the southwestern part of the United States, in the Per-

mian Basin of West Texas. The area extends across two small towns in Texas: Kermit and 

Wink. For this study, we focused on the aquifers of Pecos Valley and Dockum located in 

the same county (Figure 1). The county has an area of 841 square miles of land, 0.2 square 

miles of water, and a population of 7720 and growth population of 12.7%. The land area 

is characterized by grasses, shrubs, and brushes, with developed areas and crops, fol-

lowed by barren lands and rocky grounds [23,26]. This area is predominately arid and 

temperature widely ranges from below freezing to over 40 °C [27]. Precipitation averages 

4 to 12 inches per year, which shows the highest in the spring and fall seasons [27]. The 

hottest temperatures in the U.S. continent are often recorded in lower elevations near the 

Pecos River. These dry arid conditions add to the scarcity of water bodies, which makes 

groundwater that more imperative.  

The region is set on the western side of the Monument Draw trough on the shelf 

margin between the Central Basin platform and the Delaware Basin [28–30]. The main 

source of water comes from the Pecos Valley Aquifer and Dockum Aquifer. The Pecos 

Valley is a major aquifer in West Texas and it is unconfined with 6829 square miles and it 

is divided into two troughs formed by subsidence within the area [3]. Dockum is a minor 

aquifer in West Texas and it is both confined and unconfined with 3525 square miles [4]. 

The area has little to no mantle soil, and due to karst formations within the surrounding 

area, subsidence has occurred, forming two massive and unstable sinkholes called the 

Wink sink [21].  
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The area is also known for high volumes of oil and gas exploration where a technique 

called hydraulic fracturing is being practiced. This technique is also known to cause pol-

lution to groundwater aquifers. The Permian Basin, since 1920, has recovered over 30 bil-

lion barrels of oil and it is estimated that the basin still has over 92 billion barrels of recov-

erable oil to drill [31]. With no sight of the Permian Basin slowing down on oil production 

and with the technology of hydraulic fracturing, the Permian Basin is one of the top pro-

ducers of hydrocarbons in the world.  

 

Figure 1. Area of study, Winkler County with well locations (images from Google Map). 

3. Data and Methods  

To ensure safe drinking water to the public, the Safe Drinking Water Act (SDWA) 

was implemented in the United States. The EPA is responsible for setting the maximum 

contaminant levels (MCLs) for quality drinking water, and oversees all states and water 

suppliers that implement these standards. The Texas Commission of Environmental Qual-

ity (TCEQ), also enforces these rules to ensure water safety. We collected all historically 

available data in our study area from the United States Geological Survey (USGS) and the 

Texas Water Development Board (TWDB). All groundwater data were obtained from the 

USGS and TWDB, which are open databases provided by the US government. Cities must 

annually test their water supply and report the results to each agency and the public. In 

this study, we will be using the reports produced by the towns of Kermit and Wink. These 

reports contain yearly averages of water contamination levels with parameters, such as 

(but not limited to) copper, lead, arsenic, nitrate, chloride, and chromium.  

These parameters were chosen because they were proven to be the most present pol-

lutants in the water and, if consumed at high levels, there could be serious health prob-

lems [9,14,32]. The total dissolved solids (TDS) were also analyzed from each well; the 

TDS is the weight of the remaining material after evaporation. These reports were ana-

lyzed in Pecos Valley from 1987 to 2018 and Dockum was analyzed from 1972 to 2008. 

Tables and Figures were made from the report to compare the two aquifers pollutant lev-

els. Tables 1–3 demonstrate the contaminant levels of both aquifers, while Figures 2–8 

display each parameter contaminant level. The values in Tables were chosen from the 

USGS and TWDB reports. The report had a numerous amount of wells tested, but the data 

chosen came from wells that were tested throughout the years. The data availability was 

low considering that most wells had unavailable data to compare and analyze to other 

wells. Conclusions were drawn about the water quality of each aquifer.  
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Table 1. Pollutant levels from 1987 to 2018 in Pecos Valley (ppb: parts per billion, ppm: parts per 

million, and N/A: not available). 

Year 
Copper 

(ppb) 
Lead (ppb) 

Arsenic 

(ppb) 

Nitrate 

(ppm) 

Chromium 

(ppb) 

Chloride 

(ppm) 
TDS (ppm) 

1987 N/A N/A N/A 1.83 N/A 22.00 302.00 

1995 6.00 5.00 2.00 1.84 8.00 21.00 4.00 

2000 3.04 1.28 2.53 4.56 3.23 28.40 317.00 

2002 2.58 0.00 2.00 2.71 1.99 29.90 316.00 

2007 1.00 50.00 1.00 3.80 1.00 30.00 326.00 

2011 1.00 1.00 2.00 1.82 32.90 32.90 329.00 

2018 1.00 1.00 1.00 1.40 1.00 36.80 353.76 

Table 2. Pollutant levels from 1972 to 2018 in Dockum (ppb: parts per billion, ppm: parts per million, 

and N/A: not available). 

Year 
Copper 

(ppb) 
Lead (ppb) 

Arsenic 

(ppb) 

Nitrate 

(ppm) 

Chromium 

(ppb) 

Chloride 

(ppm) 
TDS (ppm) 

1972 N/A N/A N/A 5.00 N/A 15.00 224.00 

1985 N/A N/A N/A 5.49 N/A 104.00 513.00 

1987 N/A N/A N/A 5.05 N/A 18.00 251.00 

1995 6.00 5.00 N/A 8.30 N/A 37.00 320.00 

2000 5.70 4.80 6.90 30.10 5.80 139.00 812.00 

2004 1.96 1.00 2.00 5.84 0.00 162.00 656.00 

2008 1.23 0.84 N/A 5.89 1.17 118.00 625.00 

Table 3. Aquifer properties in the study area (STD: Standard Deviation). 

Aquifer Name Aquifer Type Description Thickness (ft) 
Average pH 

(STD) 

Pecos Valley 
Unconfined, 

Alluvial 

Aeolian and eolian sediments 

consisting with beds of clay, silt, 

sand, gravel, and caliche 

0~1500  

(top~bottom) 
7.60 (0.41) 

Dockum 

Confined and 

Unconfined, 

Sandston 

Fine grained sandstone. 
160~1300  

(top~bottom) 
7.59 (0.60) 

 

Figure 2. Copper levels in Pecos Valley and Dockum aquifer. 
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Figure 3. Lead levels in Pecos Valley and Dockum aquifers. 

 

Figure 4. Arsenic levels in Pecos Valley and Dockum aquifers. 

 

Figure 5. Nitrate levels in Pecos Valley and Dockum aquifers. 
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Figure 6. Crop circles in Winkler County, Texas (images from Google Earth). 

 

Figure 7. Chromium levels in Pecos Valley and Dockum aquifers. 

 

Figure 8. Chloride levels in Pecos Valley and Dockum aquifers. 

4. Results and Discussion 

4.1. Copper 

Copper is a reddish metal that naturally occurs in nature. It is commonly found at 

low levels in natural water bodies. In many countries around the world, copper pipes are 

used extensively in plumbing systems. Normally, the level of copper in groundwater and 

surface water is about 4 ppb [2,10]. In Dockum and Pecos Valley (Figure 2), there are very 
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low levels of copper, the highest being in 1995 at 6 ppb and, over time, the concentration 

lowered, and by 2018 the copper level was at 1 ppb. High levels of copper occur in our 

drinking water when corrosive water comes in contact with the copper plumbing. If the 

corrosive water sits motionless in the plumbing system, then the copper levels may exceed 

1000 ppb [10]. However, copper is necessary in our everyday diet for good health. We 

normally eat or drink about 1000 ppm a day and drinking water contributes 150 ppb. 

However, according to the EPA, it has been determined that copper levels may not 

exceed 1300 ppb [2]. Effects from drinking water with over 1300 ppb may include vomit-

ing, diarrhea, stomach cramps, nausea, and some long-term negative health effects [9,33]. 

In the study area, the levels of all the parameters looked at are significantly lower today, 

where in the study, copper was found at 192 ppb, not exceeding the MCL but higher than 

the concentration Winkler has today. Some researchers [12,22] analyzed the water quality 

from the cities of Midland/Odessa located in Ector County, east adjacent to Winkler 

County. The concentration levels of copper in Ector County were similar to Winkler; how-

ever, they stated that low exposure to copper over a long period of time like the ones 

reported in both Winkler and Ector counties are proven to cause health effects. 

4.2. Lead 

Lead is a grayish metal that can naturally occur in small amounts in nature, but if 

found in large amounts, it is most likely linked to human activities. Lead can be found in 

all parts of our environment but most of it comes from mining, manufacturing, and the 

burning of fossil fuels. It is also found in a great variety of household products. Lead rarely 

occurs naturally in water and is normally found in water systems because of the corrosion 

of household plumbing and leakage of chemicals to the underground [13,33]. It is also a 

contaminant associated with hydraulic fracturing. In the Dockum Aquifer (Figure 3), the 

lead concentrations were calculated to be stable for the 12 years of analysis. However, in 

the Pecos Valley Aquifer, there was a large amount of lead recorded at 50 ppb in 2007, 

after having relatively low concentrations previously. The concentration of lead went 

down by 2011, recording at only 1 ppb, and has never exceeded its peak since. Possible 

explanations for the increase of lead for the year 2007 could be from an increase of precip-

itation that West Texas was experiencing in the mid-2000s [26].  

This increase of precipitation in an arid climate like West Texas comes from climate 

change. For lead’s high toxicity, the EPA has set the maximum allowable concentration of 

lead at 15 ppb with the safe zone being 10 ppb or less [2]. Health problems for consump-

tion over the MCL may include physical and mental disease for infants and renal prob-

lems for adults [9,13]. Reedy et al. [18] reported that lead was found at 177 ppb, way above 

the MCL in Texas. Today lead is found at significantly lower levels. Previous studies 

[12,23,25] suggested that Ector County generally has lower levels of lead than Winkler; 

however, they still stated that, although the concentration levels are below the MCL due 

to lead’s high toxicity, it can still represent a hazard for consumption. Consequently, the 

same can be said about Winkler County’s concentration of lead due to high concentrations 

in previous years.  

4.3. Arsenic 

Arsenic is a naturally occurring element in rocks and soil. It is used in activities such 

as mining and agricultural and it is a very toxic substance that is commonly found in na-

ture. Arsenic enters a water system by rocks that contain arsenic or through mining and 

agriculture, which can deposit arsenic into water systems. Arsenic is widely distributed 

throughout Earth’s crust, most often as arsenic sulfide or as metal arsenates. In water, it is 

most likely to be present as arsenate/As(V), with an oxidation state of 5, if the water is 

oxygenated. However, under reducing conditions, it is more likely to be present as arse-

nite/As(III), with an oxidation state of 3 [14]. Some industries such as agriculture release 

thousands of pounds of arsenic into the environment every year. When released, arsenic 

remains in the environment for a long time [14,15]. The arsenic levels in the Pecos Valley 
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aquifer (Figure 4) never reached above 5 ppb and the Dockum aquifer never exceeded 8 

ppb during its 23 years of study. Arsenic is highly toxic for human consumption and for 

that reason the EPA has set the safety standard for arsenic in drinking water at 10 ppb [2]. 

Anything above 10 ppb can be dangerous and it increases the risk of long-term health 

effects; some chronic health problems can include circulatory problems and some various 

forms of cancer of the skin, lungs, bladder, and kidney [11]. 

Another potential input for arsenic contaminating the groundwater comes from pe-

troleum hydrocarbon releases, through the process of horizontal drilling and hydraulic 

fracturing. Previous researchers estimated that arsenic was found at ~200 ppb, which is 

significantly higher than what was observed in this study and exceeding the MCL in West 

Texas [15,22,23]. When comparing to their studies, the arsenic levels are elevated com-

pared to Winkler; however, arsenic is hard to compare considering the amount of missing 

data we have from the Dockum aquifer.  

4.4. Nitrate 

Nitrate is a compound with the chemical formula NO3- that forms from the element 

nitrogen. Nitrogen gas (N2) makes up about 78% of the earth’s atmosphere. Through the 

nitrogen cycle, nitrate is formed through the process of nitrification, where soil bacteria 

converts ammonia (NH3) into nitrogen dioxide (NO2), and another type of soil bacterium 

would add a third oxygen atom to form nitrate [34]. The cycle then comes in full circle 

under reducing conditions through the process of denitrification, to convert nitrate back 

into nitrogen gas. It is crucial for all living things and it can be found naturally in surface 

and groundwater at a level where it will not cause health problems, but high levels of 

nitrate in drinking water is a safety concern. High concentrations of nitrate in groundwa-

ter can occur from the result of an improper well location, overuse of chemical fertilizers, 

construction, etc. [20,34].  

In Pecos Valley (Figure 5), the level of nitrate from 1987 to 2018 has remained below 

5 ppm, However, the same cannot be said for the Dockum aquifer. In Dockum, from 1972 

to 2008, it was recorded that the level of nitrate in 2000 was at 30 ppm, a dangerously high 

concentration. In 2004, the levels of nitrate went down to about 6 ppm. The high concen-

trations of nitrates in 2004 could have been from agricultural runoff from either animal 

waste or inorganic fertilizers (Figure 6). However, the concentrations could have also been 

from weathering, which can increase nitrate levels in water systems. The EPA has set the 

safety standard for nitrate in drinking water at 10 ppm [2]. If ingested at high levels, the 

nitrates will turn into nitrites, which is a more toxic form and could result in brain damage 

having long-term effects [15,16]. Reedy et al. [18] evaluated that nitrate was found at ~190 

ppm in Texas, exceeding the MCL. Nitrates in Winkler County’s groundwater today is 

significantly lower. Compared to other studies [12,22,23], Winkler County has a higher 

concentration of nitrates than the cities of Odessa and Midland, with never exceeding the 

MCL. 

4.5. Chromium 

Chromium is a tasteless and odorless metallic element. It is found naturally in ani-

mals, plants, rocks, volcanic dust and soil. It is a very important industrial metal and it 

can get into drinking water systems through discharges of dye paint pigments, chrome 

plating wastes, leaching from hazardous sites and wood preservatives, all sources advent 

from human activities [17]. Chromium is not naturally found in water systems, and the 

main reason for chromium appearing in water comes from the discharge of steel factories 

[35]. Chromium levels in Pecos Valley and Dockum (Figure 7) are relatively low, with 

both never exceeding 50 ppb in the 23 years of study. However, there was very limited 

data availability from the Dockum aquifer with the data only being available from 2000 

to 2004 in the study area. Therefore, an accurate comparison of the two aquifers for this 

parameter is not possible.  
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The EPA has set the safety standard for chromium at 100 ppb [2]. Unlike the other 

parameters looked at in this study, chromium is not excessively harmful to human health, 

but if ingested too much it can cause severe health effects such as reproductive harm and 

cancer, long- and short-term exposures can lead to respiratory and eye irritation, nasal 

ulcers, asthma attacks, and other health problems [35]. Previous studies [17,18] reported 

that chromium was found at ~190 ppb, exceeding the MCL in Texas. The levels of chro-

mium in our study area are safer today than in others area of Texas. While looking at their 

studies [12,17,18], it is difficult to compare chromium with missing data from both studies; 

however, both counties never exceeded the MCL with the available data.  

4.6. Chloride 

Chloride is a naturally occurring substance that is often soluble in water. Chloride is 

an essential electrolyte located in all body fluids responsible for maintaining acid/base, 

transmitting nerve impulses and regulating fluid in and out of cells [20]. All natural wa-

ters contain chloride, but their concentrations are low. Excessive concentrations of chlo-

ride can make water unpleasant to drink.16 It can enter surface water from agricultural 

runoff, waste water from industry and municipalities, and road salting. In both Dockum 

and Pecos Valley (Figure 8), the levels of chloride were low, never exceeding 200 ppm. 

The EPA has set a secondary standard for chloride with its concentration in water.  

These secondary standards are not enforced by the EPA but are established guide-

lines to assist public water systems for aesthetic purposes such as taste and color; large 

amounts of chloride in water can appear salty [16]. These contaminants are typically not 

health threatening and the EPA has set the secondary standard for chloride in drinking 

water at 250 ppm [2]. However, if ingested at abnormally high levels, symptoms may in-

clude fluid retention, high blood pressure, spasms, irregular heart rate, confusion and sei-

zures [9,36]. Researchers suggested that chloride was found at ~196 ppm, not exceeding 

the MCL [18]. There are plenty of crop practices near the study area, which shows an 

overview of the amount of crop circles where irrigation occurs [25,26]. We suspect that 

our study area has a higher level of chloride than other areas, because Winkler County 

has relatively high human interventions such as agriculture, and oil and gas productions. 

Baumgardner et al. [28] went on to confirm that halite contamination in shallow ground-

water systems is impacted by road salts and the dissolution of natural halite invading 

aquifers, but discharge from water softening systems in houses affects groundwater.  

4.7. Site Characterization 

The Pecos Valley aquifer is an unconfined aquifer and ranges in depth from a few 

feet to 1500 feet in depth [15,37]. The Pecos Valley aquifer is characterized by unconsoli-

dated and eolian sediments consisting of sand, silt, clay, and gravel. Average hydraulic 

conductivity was calculated to be 8.6 feet per day with estimated transmissivity values of 

less than 1.0 to greater than 14,000 feet per day [3,4]. Pecos Valley is primarily utilized for 

agricultural and industrial purposes with some in the public water supply. Although 

highly variable, the groundwater quality is higher than average within the Monument 

Draw Trough, with total dissolved solids under 1000 mg/L.  

The Dockum aquifer is a confined sandstone aquifer. The Dockum aquifer locally 

produces fresh to saline groundwaters and is utilized for domestic purposes along with 

oil and gas productions [37]. It is the basal member of the Dockum formation, with the 

upper layers being mainly siltstone and claystone. In areas where these confining groups 

have been eroded away, the Pecos Valley and Dockum aquifers are hydraulically con-

nected. The Dockum aquifer ranges in depth from 120 feet to 1300 feet [3,4]. Within the 

study area, the Dockum aquifer regularly demonstrated higher groundwater quality pa-

rameters than the Pecos Valley aquifer.  

The continuing development of new sinkholes may be expected, particularly in our 

study area that the subsidence process has already started (Figure 9). Evidence of this 
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occurring to the East and North of Wink Sink #2 has been found, showing a rate of sub-

sidence of up to ~13 cm per year [21,28]. This could be the development and location of a 

new sinkhole. In conjunction with this finding, additional subsidence has been occurring 

around Wink Sink #1, indicating that a future growth of a sinkhole may be imminent [21]. 

Tables 4 and 5 present the statistical analysis for the Pecos Valley and Dockum aquifers in 

the study area. Figures 10 and 11 show information about the median, 25th and 75th per-

centiles, and extreme data present in each dataset by parameter, which shows the distri-

bution and dispersion of the groundwater quality data acquired.  

 

Figure 9. Two sinkholes in Winkler County, Texas (images from Google Earth). 

 

Figure 10. The minimum, maximum and average of each parameter in the Pecos Valley aquifer 

(unit: ppm). 
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Figure 11. The minimum, maximum and average of each parameter in the Dockum aquifer (unit: 

ppm). 

Table 4. The statistical analysis of each parameter in the Pecos Valley aquifer (STD: Standard Devi-

ation, CV: Coefficient of Variation, unit: ppm). 

 Minimum Maximum Average STD CV 

Copper 0.001 0.006 0.001 0.002 1.371 

Lead 1.000 50.000 9.713 19.812 2.040 

Arsenic 1.000 2.530 1.755 0.620 0.353 

Nitrate 1.395 4.560 2.565 1.191 0.464 

Chromium 1.000 32.900 48.120 12.465 0.259 

Chloride 21.000 36.800 28.714 5.637 0.196 

Table 5. The statistical analysis of each parameter in the Dockum aquifer (STD: Standard Deviation, 

CV: Coefficient of Variation, unit: ppm). 

 Minimum Maximum Average STD CV 

Copper 1.230 6.000 14.890 0.002 0.000 

Lead 0.084 5.000 2.911 2.299 0.790 

Arsenic 2.000 6.900 4.450 3.465 0.779 

Nitrate 5.000 30.100 9.380 9.204 0.981 

Chromium 1.170 5.800 3.485 3.067 0.880 

Chloride 15.000 162.000 84.714 60.536 0.715 

5. Conclusions 

Water in West Texas is scarce, which is why it is imperative to preserve it. This study 

has evaluated the public water contamination in Wink, Texas, looking at the Pecos Valley 

and Dockum aquifers from 1972 to 2018. Based on the data collected for both aquifers, it 

was difficult to make an accurate comparison, for there were very limited data presented 

in the Dockum data set. Nevertheless, when comparing the TDS level of both aquifers, it 

appears that Dockum has a higher concentration level on average. Therefore, Dockum is 

presenting higher contamination levels than the Pecos Valley aquifer, but according to the 

EPA safety guidelines, both aquifers are safe for consumption. However, based on the 

parameters that exceeded the MCL in previous years, there is no certainty that this quality 

of water will last due to high human activities in the area. Thus, further research within 
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the area is recommended to properly analyze the variance of contaminant levels. For fu-

ture research, a more complete data set will be needed to improve the effectiveness of 

predicting the behavior of contaminant levels in water. All the parameters analyzed are 

proven to be mainly from human activities such as agriculture and hydraulic fracturing. 

Therefore, it is fair to conclude that human activities are a significant contributor to the 

contamination of the aquifers in Winkler County.  
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