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ABSTRACT 

As the human population grows, so does the percentage of people living in urban areas. 

This means that an increasing amount of landmass must be used for urban infrastructure and 

housing to accommodate a greater number of people. The environmental impacts of urbanization 

are not completely understood. However, one important aspect that may be impacted is water 

quality. For instance, the concrete used to construct water transport and drainage systems can 

leach 𝐶𝑎2+ions into urban rivers and increase water pH. These changes are of concern because 

pH range is a major factor in determining the toxicity and bioavailability of chemical 

compounds. Additionally, many aquatic microorganisms can only thrive within certain ranges of 

pH and Ca concentrations. 

To investigate how the concrete used in urban infrastructure impacts water quality, I 

studied two major rivers in Houston, TX, USA. The first, White Oak Bayou, is lined with 

concrete; the second, Buffalo Bayou, has a natural river bottom. These two rivers were compared 

with the non-urban but still geographically similar Trinity River, since river chemistry may be 

affected by the presence of concrete anywhere within a river’s watershed. I collected water 

samples from Buffalo and White Oak bayous and analyzed their major anions and cations using 

ion chromatography (IC) and inductively-coupled plasma mass spectrometry (ICP-MS) methods, 

respectively. In addition, I analyzed roughly 50 years’ worth of public water quality data for each 

bayou and the Trinity River. The data suggest that the concrete-lined White Oak Bayou has a 

higher Ca concentration and pH value than Buffalo Bayou. The results of this research expand 

our knowledge of the environmental impacts of water transport and drainage systems. 
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BACKGROUND 

Environmental Impacts of Urbanization 

Data compiled by the World Bank indicate that 55% of the world’s population currently 

resides in urban areas. Based on past trends, it is likely that this percentage will continue to 

increase over time. Cities will then face a need to expand so they can accommodate a greater 

number of inhabitants. However, urbanization brings about environmental consequences. It is 

important to study these consequences to better understand how existing urban environments 

differ from undeveloped areas and to mitigate future environmental changes as cities continue to 

develop and grow. 

Figure 1: Urban population data from 1960-2019 (World Bank 2018). 

One example of urbanization’s environmental impact is the degradation of natural water 

quality in rivers due to pollution and a change in land use within rivers’ watersheds. For instance, 
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the Anacostia River in Washington, DC, USA, which has a 75% urban watershed, has 

“impaired” biological integrity and contains sewage, metals, and other contaminants (Connor et 

al. 2014). These are traits typical of a condition called “urban stream syndrome”. Urban stream 

syndrome is characterized by increased contaminant and nutrient concentrations in the water, 

fewer viable species of biota, altered channel morphology, and more frequent and dramatic 

changes in water flow (Walsh et al. 2005). Despite being characterized by such widespread 

impacts, urban stream syndrome was not defined until recently. This indicates that urbanization 

as it relates to rivers and streams is a relatively new area of study and is not yet completely 

understood. 

Investigation of Water Transport and Drainage Systems in Degraded Water Quality 

A growing aspect of river urbanization research is how construction materials like 

concrete contribute to water contamination. In an earlier study, researchers in the Ku-ring-gai 

suburb of Sydney, Australia collected samples of three water types: urban creek water, water 

from a reference stream with an undeveloped watershed, and rainwater runoff from a tile roof. 

The researchers divided water from each category into two batches. The first batch was 

circulated through an unused PVC pipe, and the second batch was circulated through an unused 

concrete pipe (Davies et al. 2010). 
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Figure 2: Location of Ku-ring-gai (Google Earth). 

Exposure to both PVC and concrete pipes increased pH and Ca concentration ([Ca]) in all 

of the water samples. However, the samples run through the concrete pipe saw a more 

pronounced increase. In addition, pH and [Ca] of urban water samples experienced a smaller 

amount of change than the two other water types. This is likely because urban surface water is 

exposed to concrete already, either through water drainage and transport systems or through 

storm runoff that flows over concrete surfaces in the watershed. Due to this prior exposure, the 

pH and [Ca] of the urban water have already been increased relative to natural waters (Davies et 

al. 2010). 
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Figure 3: Exposure to concrete pipes caused a greater increase in water pH and Ca concentration 

than exposure to PVC pipes. Urban water experienced a smaller magnitude of change than the 

other two water types. Results of the concrete pipe trials have been highlighted (Davies et al. 

2010). 

Description of Concrete Degradation 

Based on the results of the previously discussed study, water pH and [Ca] should increase 

as a result of concrete-water interactions. Urban water has elevated pH and [Ca] relative to 

non-urban water because an urban watershed experiences chronic exposure to concrete. To 

determine the mechanism driving these changes, we will investigate the concrete degradation 

process. 

Cement is one of the major components used to make concrete. When concrete is placed 

in water, the cement undergoes the following hydration reaction (Setunge et al. 2009): 
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𝐶𝑎𝑂 + 𝐻
2
𝑂 → 𝐶𝑎(𝑂𝐻)

2 
+ 𝑐𝑎𝑙𝑐𝑖𝑢𝑚 𝑠𝑖𝑙𝑖𝑐𝑎𝑡𝑒 ℎ𝑦𝑑𝑟𝑎𝑡𝑒𝑠 (1) 

𝐶𝑎(𝑂𝐻)
2 

can dissociate into 𝐶𝑎2+and 𝑂𝐻−ions (Setunge et al. 2009). It is 

straightforward to see how this dissociation increases [Ca] in the water-- a greater number of 

𝐶𝑎2+ions leads to a higher overall [Ca]. However, the pH increase requires a more in-depth 

explanation. 

We can see how the dissociation of 𝐶𝑎(𝑂𝐻)
2 

impacts the water’s pH by investigating the 

autoionization process for water. Two 𝐻
2
𝑂molecules can react with each other to form 𝐻

3
𝑂+and 

𝑂𝐻−ions (“Self-Ionization” 2020): 

2𝐻
2
𝑂 ↔ 𝐻

3
𝑂+ + 𝑂𝐻− (3) 

If more 𝑂𝐻−ions are added to the water, this reaction will reverse to maintain 

equilibrium. 𝑂𝐻−ions will react with 𝐻
3
𝑂+to create𝐻

2
𝑂, which will decrease the [𝐻

3
𝑂+] 

(“Effects” 2017). 

pH can be determined using the equation: 

𝑝𝐻 = − 𝑙𝑜𝑔[𝐻
3
𝑂+] (5) 

(“Self-Ionization” 2020). [𝐻
3
𝑂+]has an inverse relationship to pH value because of the 

negative logarithm function. Therefore, when 𝑂𝐻− ions react with 𝐻
3
𝑂+ ions and decrease the 

water’s [𝐻
3
𝑂+], the pH of the water increases. A visualization of this relationship can be seen in 

Figure 4. 
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Figure 4: The relationship between [𝐻
3
𝑂+]and pH 

pH-Dependent Toxicity 

pH is an important condition in regards to water chemistry. It can affect environmental 

toxicity and the bioavailability of nutrients due to its role in chemical speciation. An example of 

pH-dependent speciation can be seen by investigating arsenic (As) compounds. Figure 5 below 

illustrates the abundance of different As compounds as a function of pH. As pH increases, 

compounds with fewer 𝐻+ ions become more common. 
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Figure 5: Speciation for AsIII and AsV under different pH ranges (Hand et al. 2012). 

Different compounds have different properties, and can have different levels of toxicity. 

Additionally, individual elements can also speciate into differently charged ions, which can affect 

toxicity as well. Arsenic is also a good example of this concept. Two common forms of As are 

arsenite (AsIII) and arsenate (AsV). While both are detrimental to organism health, AsIII is 

about 60 times more toxic than AsV. When measuring As in soils, AsV is more predominant 

when pH is 5-8. Otherwise, AsIII is the dominant form (Farzana et al. 2004). 

Copper is another example of an element with different ionic forms-- cuprous ion (CuI) 

and cupric ion (CuII). CuII can be toxic to microorganisms even at very low concentrations. In a 

study of the dinoflagellate G. tamarensis, researchers used the loss of cell motility as a proxy for 

copper toxicity. They manually counted the number of dinoflagellates that experienced 

copper-induced motility loss and plotted these numbers against both the CuII ion activity (pCu*) 

and the overall copper concentration. These plots can be seen in Figure 6 below. The pCu* plot 

displayed a direct relationship between pCu* and motility loss, whereas the overall copper 

concentration plot shows separate functions for separate trials. Based on these results, it can be 

concluded that motility loss, and thus, the toxicity of copper to G. tamarensis, is determined by 

the activity of the CuII ion specifically and not the overall concentration of copper (Anderson 

and Morel 1977). 



12 

Figure 6: Motility loss as a proxy for copper toxicity vs. cupric ion activity and motility loss vs. 

overall copper concentration (Anderson and Morel 1977). 

Because pH has known effects on chemical speciation, an increase of river pH due to 

concrete exposure may change the compounds or ions found within the water. This means that 

ions or compounds with a higher toxicity, like CuII, may become more common. 

Microorganisms like G. tamarensis are sensitive to even small concentrations of toxic ions, so an 

overall increase in water toxicity may lead to the death of many organisms, disrupting the food 

chain of the aquatic ecosystem from the bottom up. 
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Effects of Urbanization on Biotic Variation 

Microorganism death is a significant problem for stream ecosystems, but a loss of 

biodiversity can have severe impacts as well. Exposure to concrete can influence biodiversity 

loss, since concrete degradation leads to an increased [Ca]. An increase in [Ca] leads to higher 

conductivity, since conductivity is the measure of total dissolved ions. Both [Ca] and 

conductivity are parameters that determine microorganism viability. 

Diatoms are the most common microorganisms found in rivers, and some regional studies 

have characterized diatom taxa by their preference for either calcium-rich or calcium-poor waters 

(Potapova & Charles 2003). An example of this characterization can be seen in Figure 7. If a 

community of diatoms living in a river prefers calcium-poor conditions, urbanization of the 

river’s watershed may disrupt this community due to the introduction of concrete, which leads to 

leaching of 𝐶𝑎2+ ions. 
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Figure 7: Environmental preferences of different diatom taxa. Taxa in the upper right quadrant 

prefer low [Ca] (Potapova & Charles 2003). 

Walker and Pan (2006) conducted a study focusing on the effects of urbanization on 

diatom species distribution near Portland, Oregon, USA. They found that changes in diatom 

species correlated well with the gradient of land-use change. Diatom assemblages were different 

between urban and rural sites throughout the study. A distribution of the species studied is found 

in Figure 8. 



15 

Figure 8: Diatom assemblages found in urban and rural rivers near Portland, Oregon, USA. 

Results from urban sites are represented by triangles and are found to the right of Axis I. Rural 

sites are to the left of Axis I. (Walker & Pan 2006). 

A major difference between the urban and rural diatom assemblages is their affinity for 

conductivity. Sites with higher urban land use had the highest average conductivity. These sites 

were dominated by diatoms of the species R. abbreviate, which prefers waters with higher ionic 

strength and conductivity. Sites with more undeveloped land consisted mainly of the diatom 

species A. pyrenaicum and C. placentula, which prefer waters with weaker ionic strength and 

lower conductivity (Walker & Pan 2006). 
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As watersheds become more urbanized, the types of microorganisms able to thrive in the 

waters may become more limited. This is at least partially influenced by greater [Ca] and higher 

conductivity due to concrete-water interactions. Species that thrive in low conductivity and low 

[Ca] environments could become less abundant in urbanized waters, which would lead to a 

decrease in microorganism biodiversity in the affected river. 

Tracing the Influence of Concrete 

Because many factors can contribute to pollution, especially in urban areas with a large 

amount of human activity, it can be challenging to quantify how much of an urban stream’s 

chemical alteration comes from concrete specifically. However, a chemical “signature” for 

concrete may be discovered by comparing [Ca] to the concentrations of other major and trace 

ions in the water (Bain et al. 2012). 

Soil samples collected along an urbanization gradient near Baltimore, MD, USA saw a 

500–11,000 μg/g [Ca] increase in more urbanized soils. Attempts to attribute this increase in [Ca] 

to natural sources failed; the calcium to magnesium ratio (Ca:Mg) was not consistent with the 

ratio seen as a result of biotic activity, and the calcium to strontium ratio (Ca:Sr) was not 

consistent with the ratio typically seen in the region’s geology (Bain et al. 2012). Plots of these 

ratios across the urbanization gradient can be seen in in Figures 9 and 10 below. 
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Figure 9: As soils were collected from increasingly urbanized locations, the Ca:Sr ratio 

increased. This makes sense, since we know that exposure to concrete introduces 𝐶𝑎2+to the 

environment (Bain et al. 2012). 
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Figure 10: Ca:Mg ratios are not compliant with the ratio seen in natural soils. The Ca:Mg values 

for natural soil are represented by triangles. The values seen along the urbanization gradient are 

represented by circles (Bain et al. 2012). 

Because we know that concrete degradation releases𝐶𝑎2+ions into the environment, we 

may be able to use these Ca:Sr and Ca:Mg ratios as a way to trace the influence of concrete on 

environmental chemistry. Based on Figure 10 above, it is likely that the Ca:Mg ratio would be 

much higher under the influence of concrete than what is seen in natural conditions. Depending 

on the limestone source used in the concrete production process, the Ca:Sr ratio found in 

concrete ranges from 250-1700, which is higher than what is typically seen in areas with 

carbonate-poor geology (Connor et al. 2014). Therefore, if high Ca:Sr and Ca:Mg ratios are 

found in an area where there is not much carbonate rock present, concrete may have had a 

detectable influence on the water chemistry. However, local geology must be taken into account 

before making conclusions. Ca:Sr and Ca:Mg ratios can also be influenced by the presence of 

carbonate rock. This is because carbonates typically contain calcium, and their erosion may add 

𝐶𝑎2+ions to the environment as well (Connor et al. 2014). 
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Background of White Oak and Buffalo Bayous 

Since local geology has an impact on natural element ratios in soil and water, it is 

important to understand the geologic formations that make up the area of study. For this project, I 

am investigating Buffalo Bayou and White Oak Bayou, which are both located in Houston, TX, 

USA. Because they run through the nation’s fourth-largest city, the bayous have highly urbanized 

watersheds-- 80% urban for Buffalo Bayou and 90% urban for White Oak Bayou (Zeng & 

Masiello 2010; Hughes 2015). Additionally, about 9.5 miles of White Oak Bayou’s natural 

riverbank has been replaced with a concrete lining in an effort to control flooding and erosion 

(Freese and Nichols, Inc. 2017). Buffalo Bayou did not undergo this process; its banks are 

composed of natural sediment. 

The watersheds of both bayous are underlain by the Beaumont and Lissie Formations. 

These formations date to the Pleistocene Epoch and are primarily composed of clay, silt, and 

sand, with some amount of carbonates present in the Beaumont Formation (Zeng & Masiello 

2010). Carbonates may be a source of 𝐶𝑎2+ ions in local waters and could complicate the effort 

to identify concrete’s influence on water chemistry. 
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Figure 11: A geologic map of Houston. The pink area indicates the Lissie Formation, and the 

orange area indicates the Beaumont Formation (USGS Pocket Texas Geology). 

It is likely that 𝐶𝑎2+ion leaching and pH alteration have occurred in White Oak and 

Buffalo bayous as a result of the degradation of the large amount of concrete found in their 

highly-urbanized watersheds. White Oak Bayou is especially subject to alteration via concrete 

degradation because of the concrete lining that replaces a portion of its natural riverbank. There 

may be an additional influx of 𝐶𝑎2+ ions coming from the erosion of carbonates found in the 

area’s geology. Natural Ca:Sr ratios in carbonate-rich areas are similar to that of concrete, so it 

may be more difficult to trace the extent of concrete-related chemical changes in White Oak and 

Buffalo bayous precisely. 
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HYPOTHESIS 

As previously discussed, the degradation of concrete leads to an increase in pH and [Ca] 

in the surrounding water. This alteration can lead to a deterioration in biodiversity, a difference in 

chemical speciation, and a change in toxicity and nutrient availability in the river. 

Both White Oak and Buffalo bayous have highly urbanized watersheds and therefore 

have likely experienced chemical changes as a result of concrete degradation. Additionally, about 

9.5 miles of White Oak Bayou’s riverbank has been replaced by a concrete lining. Because 

White Oak Bayou’s water comes into contact with this concrete lining, I predict that water from 

White Oak Bayou will have a higher pH and [Ca] than water from Buffalo Bayou. I also 

anticipate that I will identify and detect an ion ratio that can be used as a chemical “signature” 

for concrete’s influence on water chemistry. If I find such a signature, I will know that chemical 

changes within the bayous are largely due to concrete rather than other factors such as fertilizers 

or pesticides. 

METHODOLOGY 

The purpose of my project is to determine whether White Oak Bayou has a higher pH and 

[Ca] than Buffalo Bayou and to determine whether a concrete chemical signature can be 

recognized and detected in the bayous. If this signature can be detected, I can attribute increased 

pH and [Ca] to the influence of concrete specifically. I used several different methods to address 

these goals. First, I identified any temporal pH or [Ca] trends that may exist in the bayous. Next, 

I collected water samples from White Oak and Buffalo bayous. I supplemented these bayou 

samples with refrigerated bayou samples that had been collected at an earlier date. To search for 

a concrete signature, I placed a piece of concrete in deionized (DI) water and allowed it to 

dissolve over the course of about five months. This water, along with the bayou samples, was 

analyzed using ion chromatography (IC) and inductively-coupled plasma mass spectrometry 

(ICP-MS) methods. 

Analysis of Preexisting Data 

The Texas Commission on Environmental Quality, or TCEQ, manages a water quality 

database for Texas rivers. This database, called the Surface Water Quality Monitoring 
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Information System (SWQMIS), is accessible to the public via the Clean Rivers Program Data 

Tool found on the TCEQ website. I downloaded SWQMIS water quality data for Buffalo and 

White Oak Bayous spanning about 50 years (1969-2020). I also downloaded Trinity River data 

from the same time period. This is so that the Trinity could serve as a reference-- its watershed is 

less urbanized than that of the bayous, but still in a geographically similar location. I used 

MATLAB to investigate temporal trends in pH and [Ca] in the rivers and to compare the rivers’ 

pH and [Ca] values. 

Bayou Water Sample Collection 

In addition to the TCEQ data analysis, I collected water samples from Buffalo and White 

Oak bayous. I made two trips to Allen’s Landing Park in downtown Houston, where the two 

bayous intersect. The first trip took place on October 17, 2020, and the second trip took place on 

November 4, 2020. One sample was collected from each bayou on each trip. One of the Buffalo 

Bayou samples was collected upstream of where Buffalo meets White Oak, and the other Buffalo 

sample was collected downstream of this point. All sampling locations can be seen in Figure 12. 

Figure 12: An aerial photograph of the sampling locations and their coordinates (Google 

Earth) 
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Samples were collected using the following method. First, I dipped a sterile plastic bottle 

into the bayou and rinsed both the bottle and the cap three times. I then filled the bottle with 

bayou water and used Bluetooth-enabled Vernier sensors to measure pH, calcium, and their 

respective potentials. 

After the in-situ measurements were recorded, I rinsed a single-use plastic syringe three 

times. After rinsing, I fitted a .2 μm filter over the end of the syringe and rinsed the filter once. 

Next, I retrieved a 2 mL glass container, a 15 mL plastic container, and a 2 mL plastic container 

for bayou water collection. The glass vial was not rinsed, but the plastic vials were each rinsed 

three times. The glass vial was designated for measuring water isotopes, the larger plastic 

container was for cations, and the smaller plastic container was for anion analysis. 

Concrete Sample Dissolution 

I collected a small piece of concrete from the banks of White Oak Bayou with the goal of 

identifying a chemical signature for concrete. I placed the piece of concrete in DI water in late 

November of 2020 and allowed it to dissolve for about five months. On April 19, 2021, I 

sampled the water in which the concrete was sitting and took measurements of pH and Ca with 

the Vernier sensors. The water in which the concrete was dissolved was run through ICP-MS 

with the river samples to determine any major ion ratios, such as Ca:Sr or Ca:Mg, that could be 

used as a traceable concrete signature. 
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Figure 13: Concrete sample from the banks of White Oak Bayou 

ICP-MS/IC Analysis 

The ICP-MS and IC equipment can only accurately measure concentrations within a 

certain range, so water samples frequently need to be diluted. I performed a 10x dilution of the 

bayou samples by adding .9 mL of DI water to .1 mL of sample. 

To ensure both accuracy and precision of ICP-MS and IC measurements, the instrument 

was calibrated with gravimetric standards. .9 mL of reference materials obtained from the 

Canadian government were repeatedly analyzed throughout the runs. Because we know the 

chemical composition of the standards, we can tell if the ICP-MS or IC instrument is inaccurate 

or if its measurements drift over the course of the analysis. 

In addition to my collected samples and the water used for concrete dissolution, I 

analyzed older, refrigerated White Oak and Buffalo samples to get more data points, and 

therefore more robust results. 
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RESULTS 

Results of TCEQ Data Analysis 
First, I investigated the existence of temporal pH trends in White Oak and Buffalo 

bayous. I separated the data by the season in which the sample was collected, then plotted pH as 

a function of time. This way, I could simultaneously investigate trends on yearly and seasonal 

timescales. Ultimately, I did not find any trends in either timescale. This indicates that pH data 

collected 50 years ago is still relevant to the water quality conditions seen in the bayous today. 

Figure 14: pH vs. time plots for White Oak and Buffalo bayous; each season is indicated by a 

different-colored circle. 

Next I created a pH histogram to better understand what range of pH values is typical for 

each bayou. Each bayou had a different number of data points, so the histograms were 

normalized using the MATLAB probability density function for ease of comparison. The 

resulting histogram (Figure 15) indicates that White Oak Bayou has a more basic pH on average 

than either Buffalo Bayou or the Trinity River. 
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Figure 15: Histogram of pH values for Buffalo Bayou, White Oak Bayou, and the Trinity River; 

average pH values for each river are given on the plot. 

The only river with existing [Ca] data in SWQMIS is Buffalo Bayou. Upon MATLAB 

analysis, I did not find any [Ca] trends on either a seasonal or yearly timescale, so historical [Ca] 

data also seems to be representative of current conditions in Buffalo Bayou. 
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Figure 16: Plot of [Ca] vs. time for Buffalo Bayou; different seasons are indicated by 

different-colored circles. 

Because there is no [Ca] data for White Oak Bayou, determining how this parameter 

varies between White Oak and Buffalo bayous could not be done directly using historical data. 

However, I extrapolated White Oak’s [Ca] values by comparing [Ca] data between a point on 

Buffalo Bayou upstream of where it meets White Oak and a point downstream of where it meets 

White Oak. Samples collected downstream of the junction tend to have higher [Ca] than 

upstream samples. This may indicate that mixing with White Oak Bayou water increases the 

[Ca] in Buffalo Bayou. If so, White Oak Bayou has a higher [Ca] than Buffalo. However, future 

studies should gather a greater number of data points to confirm this assumption. 
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Figure 17: Comparison of Buffalo Bayou [Ca] data for sites upstream vs. downstream of the 

junction between White Oak and Buffalo Bayous 

Overall, analysis of SWQMIS data supports the idea that White Oak Bayou has a more 

basic pH than Buffalo Bayou and the Trinity River. Since values for pH and [Ca] do not change 

over time, this historical data can be used to draw conclusions about the present state of the 

rivers. The trend seen in the upstream vs. downstream comparison of [Ca] in Buffalo Bayou 

suggests that White Oak Bayou has a higher [Ca], since mixing with White Oak water appears to 

raise the [Ca] of Buffalo Bayou water. 
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Results of in-situ pH and [Ca] Measurements 

Table 1 shows the results of the in-situ measurements of pH, [Ca], and their respective 

potentials measured with Vernier sensors. The sensor data gathered from the concrete dissolution 

sample is displayed in the table as well. 

Table 1: In-situ measurements using Bluetooth-enabled Vernier sensors. Buffalo Bayou samples 

are labeled either “upstream” (of where the two bayous converge) or “downstream”. 

Sample pH pH Potential Ca Ca Potential 

Buffalo 1 

(upstream) 

7.04 -12 mV 1 mg/L 35 mV 

Buffalo 2 

(downstream) 

7.53 -38 mV 1 mg/L 38 mV 

White Oak 1 7.19 -20 mV 1 mg/L 30 mV 

Concrete 

Dissolution 

Water 

8.87 -109 mV 1 mg/L 24 mV 

The results given in Table 1 are mostly inconclusive. The sensor used to measure calcium 

is likely either not sensitive enough to pick up small changes in [Ca] or not calibrated correctly. 

In addition, the pH measurements for the bayous are not what we expect to see. White Oak 

Bayou has a more basic pH than the “upstream” Buffalo Bayou sample but not the “downstream” 

Buffalo Bayou sample. 

The pH of the DI water used to dissolve the concrete sample is more basic than both of 

the bayou samples. Though it was not measured, the pH of the water was likely around 7 prior to 

concrete exposure, since 7 is the theoretical pH of pure water. Interacting with concrete for just a 

few months raised the water pH to 8.87. 
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Results of ICP-MS/ IC Analysis 

After running the water samples on the ICP-MS, I analyzed the results using MATLAB. I 

created a histogram of the [Ca] data, which confirms that, on average, White Oak Bayou has a 

higher [Ca] than Buffalo Bayou. 

Figure 18: Histogram of [Ca] in White Oak and Buffalo bayous. Averages are given on the plot. 

Secondly, I identified the influence of concrete in both bayous by using Sr:Ca and Mg:Ca 

values derived from typical element ratios in rivers that run over pure silicate and pure carbonate 

rock, respectively (Gaillardet et al. 1999). The blue circles in Figure 19 indicate values for 

typical carbonate rivers, and the red circles indicate values for typical silicate rivers. As 

previously discussed, the watersheds of White Oak and Buffalo bayous primarily run over 

silicates, though there is some influence of carbonates due to the presence of the Beaumont 

Formation (Zeng & Masiello 2010). Because of the bayous’ watershed geology, we would expect 

the water samples to plot closest to the red circles. However, we actually see that the bayou 
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samples lie close to the concrete sample (represented by a red square), which acts as a third end 

member. This indicates that concrete has influenced bayou chemical composition, that the 

influence is detectable, and that we can separate the influence of concrete from the influence of 

natural carbonate erosion in the watershed. 

Figure 19: Sr:Ca vs. Mg:Ca ratios for samples from White Oak and Buffalo bayous in relation to 

the ratios we would expect to see in natural rivers running over pure silicates or pure carbonates. 

Upon closer inspection of the Buffalo and White Oak water samples, it appears that there 

is no detectable difference in element ratios between the two bayous. This could be due to the 

small number of samples being analyzed and the amount of natural variation between water 

samples. However, the elemental ratios of the samples as a whole show evidence of alteration via 

concrete degradation. 
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Figure 20: A closer investigation of the Buffalo and White Oak water samples. Water from both 

bayous falls within the same range of values due to natural variation and the small sampling size. 

Both bayous plot closely to the concrete end member. 

DISCUSSION 

The first goal of this project was to determine whether White Oak Bayou has higher [Ca] 

and pH values due to the 9.5 miles of its length that sit in a concrete lining. 

Historical data provided by the TCEQ can be used to explore this hypothesis because 

there are no temporal trends for either pH or [Ca] in either bayou. This means that the historical 

dataset is reflective of current bayou conditions. The data seem to indicate that White Oak Bayou 

has a high pH value-- in this dataset, White Oak has an average pH of 8.23, which is greater than 
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that seen in Buffalo Bayou (7.56) or the Trinity River (7.74). However, it is interesting to note 

that the Trinity River has a higher pH than Buffalo Bayou despite Buffalo having a more 

urbanized watershed. Although the grand majority of the Trinity’s watershed is non-urban, a 

section of the river runs through Dallas. This urban area of the watershed may have had an effect 

on the pH of the water. Additionally, the Trinity River runs over a different geological formation 

than the two bayous. The Trinity River primarily runs over alluvium from the Holocene, which 

contains silicates and organic matter (USGS Pocket Texas Geology 2021). The influence of this 

geology may mean a slight difference in pH, since the rocks were formed at a different time and 

may have different chemical properties from those underlying White Oak and Buffalo bayous. 

There is evidence to suggest that concrete degradation does increase water pH. After 

dissolving a piece of concrete in DI water for five months, the pH of the water was 8.87. 

Assuming that the water started at a pH of 7, which is typical for pure water, this means that 

concrete degradation significantly increased the water pH even in a short time period. 

Historical data analysis also suggests that White Oak Bayou has a higher [Ca] than 

Buffalo Bayou. Because no direct historical [Ca] data for White Oak exists, this conclusion was 

reached based on the fact that Buffalo Bayou samples collected downstream of where Buffalo 

meets White Oak have a higher [Ca] than the samples collected upstream of this point. Luckily, 

more recent data collected from the bayous support this finding. After running water samples 

through ICP-MS, I found that the average [Ca] for Buffalo Bayou was 1.02 mM, whereas the 

average [Ca] for White Oak was 1.36 mM. Because each pair of White Oak and Buffalo samples 

were collected at the same time, even if specific [Ca] values fluctuate somewhat, at any given 

moment White Oak should have a higher [Ca] than Buffalo. 

The second goal of this project was to determine if a chemical signature could be 

identified for concrete’s influence in the bayous. This goal was accomplished. When plotting 

Sr:Ca and Mg:Ca values against each other, I found that the samples plotted more closely to the 

concrete sample values than to the values of natural rivers running over silicate or carbonate 

rocks. Had concrete not influenced water chemistry, we would expect to see the bayou samples 

plot closest to the silicate values, since White Oak and Buffalo bayous primarily run over silicate 

formations. 
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IMPLICATIONS/FUTURE WORK 

Because rivers run into the ocean, the influence of concrete may extend into marine 

waters. If high pH, high [Ca] water from urban rivers is continuously rushing into the ocean, I 

predict that water directly around the area where the river meets the ocean will have heightened 

pH and [Ca] values. I also predict that the pH and [Ca] values would see a gradual decrease as 

the water traveled farther into the ocean and dispersed, mixing with regular marine water. For 

example, Buffalo Bayou runs into the Trinity Bay, which runs into Galveston Bay, which opens 

to the Gulf of Mexico. I hypothesize that water in the Trinity Bay will have higher pH and [Ca] 

than water in Galveston Bay because it is more directly influenced by water flow from the urban 

bayous. 

Figure 21: A satellite image of where Buffalo Bayou runs into the Trinity Bay, which connects to 

Galveston Bay and the Gulf of Mexico (Google Earth). 
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Determining the rate and maximum effects of concrete degradation is another area of 

interest. If a small piece of concrete dissolved enough to cause a change in pH in a small 

container of water in less than half a year, how long has it taken for the 9.5 mile concrete lining 

in White Oak Bayou to degrade (and to what extent has it degraded)? Is there a limit to 

concrete’s alteration of the pH and [Ca] of a body of water before we see a plateau? Answering 

these questions would expand our knowledge of the full environmental impacts of concrete on 

surface water quality and take us one step further towards understanding how the complex 

urbanization process impacts the environment. 
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