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Abstract 

As the Southwest continues to be impacted by increasing drought stress under changing 

climate conditions, innovative water-harvesting strategies will become a necessary dimension of 

sustainable water use.  The University of Arizona campus has been incorporating water-

harvesting regimes within its urban landscape for over 20 years.  This project explores the 

physical and geochemical consequences for the surface soils exposed to high volumes of 

stormwater discharge and contaminants found in urban runoff.  Soil samples were collected from 

four different basin sites across the UA campus.  These samples were analyzed and compared 

using x-ray diffraction, x-ray fluorescence, particle size analysis, and various basic chemical 

analyses.  The samples were found to vary significantly by their relative type (basin vs. control) 

based on pH, LOI, and several geochemical datasets.  Soils were most often significantly 

different relative to their specific site for geochemical and mineralogical data.  Data suggest that 

basin properties are most dependent on the age of the basin and the type of runoff received.  

Observations also suggest the necessity for soil amendment to improve water and soil quality at 

these sites.  The application of biochar at the surface of these basins has been studied for the 

improvement of local water collection basins. 
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I. Introduction 

1.1 Research Questions and Purpose of Study 

The University of Arizona has been incorporating waster sensitive urban design (WSUD) 

strategies into its campus landscape since the 1990s.  Across campus, the university has 

constructed basins to direct the flow of water during heavy precipitation events.  These basins are 

often used to collect water for irrigation of urban vegetation and to increase infiltration into the 

soil.  Four different basin locations were selected for sampling and study based on differences in 

location, age, and type of runoff received.  These four sites will be referred to as the AME, 

College of Nursing, Tyndall, and Rec Center basins. 

Several major research questions have been developed for the purposes of the study.  The 

overarching question involves how urban soils respond to the increase in different types of 

stormwater influx over time.  For example, do soils properties change differently with exposure 

to parking lot runoff versus roof/building runoff? In order to study this question, four basins 

ranging in age from 5 to 20 years old were sampled and analyzed.  Two of the study basins 

primarily collect stormwater runoff from parking lots, and two basins primarily collect runoff 

originating from structural roofs.  Differences in the soil chemistry, texture, and mineralogy were 

examined with respect to basin age and type of stormwater runoff received.  The soils lining the 

surface of the older basins, in particular, have accumulated a very thick, dark surface layer that 

appears nearly black.  There is evidence that the soils within these basins have received a large 

dosage of asphalt and contaminants from parking lot runoff.  The second research question 

aimed to look at how the soil quality could be improved in order to better filter out contaminants 

that are common in urban stormwater runoff.  Biochar was studied as a potential soil amendment 
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because of its high adsorption affinity for volatile organic compounds found in oil, diesel, and 

herbicides/pesticides. 

 

1.2 Water Harvesting as a Sustainable Urban Strategy 

Water harvesting from heavy precipitation events in the arid southwest is becoming an 

important strategy for the conservation of water as a natural resource.  In an age of ongoing 

climate change where models predict frequent summer droughts and a major shift in rainfall 

distribution patterns, sustainable water-use strategies are becoming increasingly essential (Nnadi 

et al. 2014).  Water Sensitive Urban Design (WSUD) systems have emerged as a way for 

developing urban landscapes to incorporate structures to maximize the benefits of rainwater 

falling within the boundary of the urban interface.  WSUD strategies are constructed in order to 

direct the flow of rainwater toward urban vegetation, to detain water for its collection and 

repurpose, or to stimulate greater infiltration of water into the soil to maximize groundwater 

recharge (Nichols and Lucke 2015).  Nevertheless, water reuse both for potable and non-potable 

purposes is largely limited by high amounts of contaminants like nutrients, heavy metals, 

organics, and microorganisms in stormwater (Zhang et al. 2015). 

The presence of many different types of contaminants is enhanced in stormwater that has 

accumulated in urbanized areas due to infrastructure, cars, and organic pollutants in herbicides 

and pesticides.  Carlson et al. 2011 has raised concern over contamination of groundwater in the 

Southwest through rainwater derived from an urban setting, with a particular emphasis on heavy 

metals and chlorofluorocarbons.  An understanding of how groundwater resources are impacted 

by urban recharge augmentation is essential for maximizing the sustainability of future urban 

developments in arid ecosystems. 
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Biochar is a common soil amendment or treatment that is frequently used to enrich 

carbon into soil and increase overall fertility and ability to hold nutrients (Jones et al. 2011).  

Biochar is, by definition, biomass that has undergone pyrolysis.  The biomass can originate from 

any type of organic residue like wood or animal waste.  It is a porous, carbon-rich charcoal.  

With its soil fertility benefits aside, biochar has been shown to have a high affinity for adsorbing 

organic contaminants such as benzene, trichloroethylene, and atrazine.  Mesquite biochar has 

been researched in the lab as a potential soil additive for the removal of organic contaminants at 

the soil surface.  The addition of biochar at the surface of local water harvesting basins has the 

potential to improve the overall soil and water quality, and potentially contribute to cleaner water 

for groundwater recharge. 

 

II. Methods 

2.1 The Four Sampling Basin Sites 

 The four different basin sites used for this study are geographically pinpointed in the map 

provided in fig. 1.  
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Fig. 1 Map of Basin Site Locations 

CoN 

AME 

REC 

TYN 



 8 

The AME basins consist of a series of small basins located along the south side of the 

Aerospace and Mechanical Engineering building along the north side of Speedway Blvd.  They 

were constructed in 2006.  These basins primarily drain the south part of the AME building and 

receive stormwater runoff mostly from the roof.  They are constructed as the microbasin diagram 

shows in fig. 6.  

 

 

 

 

 

 

 

 

The College of Nursing (CoN) basin is a large collection basin that drains the area south 

to Speedway Boulevard, areas west to Warren Avenue and east to Campbell, and some areas 

northeast of the Campbell and Speedway intersection.  The basin was constructed in 1992, and 

represents the oldest basin sampled for the study.  The basin receives runoff both from parking 

lots and adjacent structures.   

 

 

 

 

Fig. 2 Aerial View of AME Basins 

Fig. 3 Aerial View of CoN Basin 
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 The Tyndall basins (TYN) are located along the northeast corner of Tyndall Avenue and 

6th Street.  These basins drain the parking lot to the northeast of the intersection.  A closer 

diagram of the flow path from the parking lot to the Tyndall basin is shown in fig. 7.  These 

basins were constructed in 1996. 

 

 

 

 

 

 

 

 

 

 The Rec Center basins (REC) are located along the south side of the roof of the 

expansion along the north side of 7th avenue and east of Highland Avenue.  The basins drain the 

south roof of the expansion into a swale of the building, which then drains under a sidewalk and 

into the basins.  These basins were implemented in 2010 and represent the newest basins 

sampled for the study. 

 

 

 

 

 

Fig. 4 Aerial View of TYN Basins 

Fig. 5 Aerial View of TYN Basins 
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2.2 Field Sampling Methods 

 Under the field sampling protocol used for the study, equal numbers of soil samples were 

taken from both the basin soil as well as the soil from directly above the basin.  This 

differentiated the "basin" samples from the "control" samples taken at each site.  Approximately 

Fig. 7 Stormwater Flow to Tyndall Basins with 
Sample Area in Yellow. 
Figure provided by Grant McCormick. 

Fig. 6 Microbasin Construction Diagram.  
Figure provided by Grant McCormick. 
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5-6 samples were taken as "basin" samples, and 5-6 samples were taken as "control" samples 

from each site.  A total of 40 samples were taken from the field for lab study.   

While collecting the samples, the top gravel mulch was first pushed aside.  A 30cm 

sampling diameter was excavated.  About 500g of soil was collected from the top 5cm of the soil 

surface.  The entire sample was collected into its own Ziploc bag and brought back to the lab.  

Every different sample taken from the basins was kept separate from one another.  After 

collection, the samples were spread out on trays and air dried for about 1 week. 

 

2.3 Laboratory Methods 

 Six methods were used in the lab to analyze the general properties of the different soil 

samples. These analyses include pH, electrical conductivity (EC), loss on ignition (LOI), particle 

size analysis (PSA), x-ray diffraction (XRD), and x-ray fluorescence (XRF).  Soil color, soil 

moisture, and water holding capacity were also measured and documented for each sample.  

 The soil pH was measured for the soil solution using three different methods for each of 

the 40 samples.  The ambient soil pH (1:1 in H2O) was first determined and measured by mixing 

soil with DI water and allowing the soil particles to settle out from solution.  The second method 

(1:2 CaCl2) accounts for the increase in [H+] from soil organic matter.  For this method, the pH 

of the soil was measured in solution with CaCl2.  The third method (1:1 KCl) is used in order to 

account for the acidity from exchangeable soil Al3+.  This method works because the KCl will 

remove Al3+ ions from exchange sites and allow them to hydrolyze in solution to Al(OH)x 

therefore increasing the acidity of the solution.  The 1:1 KCl measurement is directly related to 

the acidity associated with aluminum on soil exchange sites.  To take these measurements, 5g of 

each sample were added to separate test tubes.  For the first set of pH values, 5mL of DI water 
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were added to each sample and shaken vigorously.  Measurements were taken for the pH of each 

solution using a pH probe.  After the initial ambient pH measurements were recorded, 5mL of 

0.02M CaCl2 were added to each test tube, shaken once more, and allowed to settle.  A new set 

of test tubes was used to measure the 1:2 pH using 5g of soil and 5mL of 1M KCl.  This 

provided for three different measurements of pH to show acidity associated with organic matter 

and exchangeable aluminum ions in the soil.  The EC measurements were done with an EC 

probe using the same solution used for the 1:1 H2O pH measurements. (Burt et al. 2014) 

 Loss on ignition is a method used to determine the amount of organic matter present in 

the soil through the change in mass after heating a sample.  About 20g of each sample was 

measured and placed in a tin.  The samples were placed in a 105oC oven overnight to remove all 

moisture and the dry mass was recorded the following day.  After all moisture was removed, the 

samples were then placed in a 550oC furnace for 3-3.5 hours in order to ignite all organic matter. 

The final mass was then measured.  The percentage loss on ignition was calculated by dividing 

the change in mass from ignition over the initial dry mass. (Burt et al. 2014) 

Prior to running a particle size analysis, or preparing for x-ray diffraction, all samples 

were pre-treated to remove all organic matter.  In order to remove the organic matter, a bleach 

(NaOCl) solution of 9.5 pH was prepared by adding small increments 3M HCl until an 

approximately 9.5 pH solution was reached.  100mL of bleach solution was added to about 20-

30g of each sample, and shaken for 45-60 minutes.  The solution was then placed into the 

centrifuge at 3600 revolutions/min for 15 minutes.  The supernatant was vacuumed off and the 

bleach wash was repeated twice more for a total of 3 washes. Three more washes were repeated 

using the same procedure using DI H2O to wash out the bleach.  The samples were allowed to air 

dry before being broken up using a mortar and pestle. 
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 A particle size analysis was done for each sample to determine specific soil textural 

classification and the percentages of sand, silt, and clay in each sample.  The sand fraction 

(particles 0.5-2mm) was sieved out from the entire sample and its abundance was calculated as a 

percentage of mass of the sample.  The remaining sample was then prepared for analysis by 

adding 125 mL of DI H2O and 50mL of sodium hexametaphosphate in order to disperse clays.  

The samples were analyzed using a Beckman Coulter LS 13 320 Laser Diffraction Particle Size 

Analyzer. (Burt et al. 2014) 

 In preparation for x-ray diffraction, organic matter was removed from samples using the 

same bleach solution method used for particle size analysis.  A bulk random powder mount was 

constructed for the analysis.  2.000g of sample was collected from the bulk sample that passed 

through a 355µm sieve.  The sample, 0.500g of corundum (Al2O3), and 7mL of ethanol were 

measured and placed into a McCrone grinding vessel for 5 minutes.  The sample was allowed to 

dry and broken up using a mortar and pestle.  A powder mount was constructed for mineral 

identification using a PANalytical X’Pert Pro MPD X-ray Diffractometer. (Burt et al. 2014) 

 To prepare for x-ray fluorescence analysis, about 20g of the original soil sample were 

ground for 10 minutes using a ball mill.  X-ray fluorescence data were taken using a Thermo 

Scientific Niton XL3t XRF Analyzer. 

 

2.4 Biochar Column Experiment 

 Biochar was selected as a potential soil additive because of its affinity for adsorbing 

organic contaminants that are commonly dissolved in stormwater (Jiang et al. 2016).  The 

herbicide contaminant known as "atrazine" (2-chloro-4-ethylamino-6-isopropyl-amino-s-triazine) 

was chosen for study because it is a frequent contaminant in surface and groundwater, and has 
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been sown to have destructive ecological consequences (Solomon et al. 1996).  In order to test 

the potential efficiency for biochar to remove atrazine form stormwater, a series of columns were 

constructed to mimic a basic soil column. 

 Reagent grade atrazine powder manufactured by Supelco was used to make a stock 

solution of 13.8 mg/L.  The atrazine was quantitatively transferred to a volumetric flask and 

stirred continuously.  In order to prevent photochemical reactions between light and atrazine, the 

flask was wrapped entirely in aluminum foil.  The atrazine was allowed to dissolve using a 

magnetic stirrer for one week until the solid was no longer visible. 

 Nine different columns were constructed to determine how biochar would adsorb atrazine 

in a system where solution flowed similarly to the soil profile.  The columns measured 3.5cm in 

diameter, and 14.5cm in height.  Whatman No. 5 42.5mm filter paper was used at the bottom of 

each column to prevent sand fallout at the bottom.  Four replicates of each of two different 

column configurations were constructed using quartz sand and 1-2mm unwashed mesquite 

biochar as shown in fig. 8 and 9. The first configuration used a layer of 40g of quartz sand, 

followed by a middle layer of 5.0g of biochar, and 40g of sand as the top layer.  The other 

column configuration used a layer of 30g of sand at the bottom, followed by a layer of 40g sand 

mixed with 5.0g of biochar, and a top layer of 10g of sand.  Each configuration used equal 

amounts of sand and biochar.  

 

 

 

 

Fig. 8 Biochar Column Configuration 1 
 

Fig. 9 Biochar Column Configuration 2 
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One additional column was constructed using solely 80g of sand as a control to measure 

the amount of atrazine adsorbed by the sand alone.  Nine columns were constructed in total. 

 Prior to running the atrazine solution through each column, the columns were filled from 

the bottom up with DI water in order to measure the porosity by mass and to replace the column 

air with water.  25mL of DI water were then run through the column as a starter using a burette 

in order to regulate the flow and maintain a fluid head at around 1cm.  The DI water effluent was 

captured and set aside for use when measuring background absorbance of the biochar during 

spectrophotometric analysis.  100mL of the standard atrazine solution was run through the 

column using the same procedure to regulate flow and head as the starter.  The effluent was 

captured and wrapped in aluminum foil to prevent photochemical reactions. 

 In order to measure the adsorbance of atrazine from biochar, a Hitachi U-200 

spectrophotometer was used.  Standard dilutions of the original 13.8 mg/L atrazine solution were 

made at 1/2, 1/4, 1/6, and 1/10.  The absorbance of the atrazine peak at 220nm was recorded and 

plotted for each dilution in order to make a standardized curve of concentration vs. absorbance 

shown in fig. 10.  The linear regression equation was used to extrapolate final concentration for 

the column effluent based on their absorbance values at 220nm. 

 

y	=	7.894x	-	2.2926	
R²	=	0.98583	
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Fig. 10 Standardized Atrazine Absorbance Curve at 220nm 
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The atrazine effluent from each column was first filtered through a Whatman cellulose 

acetate 0.45µm filter to eliminate particulate interference in the spectrophotometer.  The 

absorbance was recorded at 220nm for each sample.  The DI water biochar background 

absorbance at 220nm was recorded for both column configurations, and subtracted from the 

absorbance measurement for each column.  The remaining value was used to determine the final 

concentration of atrazine for each column. 

 

2.5 Statistical Analyses 

The results for differences in basin soil properties were statistically analyzed using JMP 

software.  Statistically significant differences were determined between basin and control 

samples (type), the four basin locations (site), and between individual samples (site by type).  

Data set distributions were observed and then modified, if necessary, to achieve a normal 

distribution prior to testing for significance.  The data was modified to obtain a normal 

distribution by taking the natural log or the square root of all the values in the data set.  A one-

way analysis of variance test (ANOVA) was used in order to determine significance based on p-

value.  In order to determine statistical significance, a p-value of 0.05 was used as a cutoff for 

overall significance. 

To view the data sets in a larger overall perspective, a multivariate analysis was 

performed to take into consideration the influence of all the variables on the overall patterns 

displayed by the different samples.  All datasets were standardized within the JMP program to 

eliminate the influence of different numerical values on the data. 

 

 



 17 

III. Results 

3.1 pH, EC, and LOI Results 

 Using an analysis of variance test, pH 1:1 H2O differed significantly only by type (basin 

vs. control samples).  The dataset was modified by taking the natural log of the data in order to 

achieve a normal distribution.  Control samples were determined to be significantly more 

alkaline than basin samples (p=0.0118), which tended to have a lower pH as seen in fig. 11.  No 

significant differences were observed in pH between the four sites (p=0.2480), or for site by type 

(p=0.0637) shown in fig. 12 and fig. 13.   

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Fig. 11 Oneway Analysis of pH by Type 
 

Fig. 12 Oneway Analysis of pH by Site 
 

Fig. 13 Oneway Analysis of pH by Site by Type  
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Soil EC measures the overall salinity of the soil.  The EC data set was modified in order 

to achieve a normal distribution by taking the square root of the values.  EC was determined to 

be very significantly different between the four sites (p=0.0068) shown in fig. 15.  EC was not 

significantly different by type of sample (p=0.369) shown in fig. 14.  EC was significantly 

different on the basis of site by type (p=0.0201) shown in fig. 16. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14 Oneway Analysis of EC by Type 
 

Fig. 15 Oneway Analysis of EC by Site 
 

Fig. 16 Oneway Analysis of EC by Site by Type 
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 Loss on ignition is a simple way to determine the amount of organic matter within the 

soil.  A greater % LOI corresponds to greater % OM (organic matter) within the soil.  In order to 

attain a normal distribution, the dataset for loss on ignition was modified by taking the natural 

log of the values.  All three analyses determined significant differences in the LOI values.  

Differences between sites were determined to be significant (p=0.0171) shown in fig. 18.  

Differences between sample type and site by type were both determined to be very significant.  

Differences among type are shown in fig. 17 (p=0.0008).  Differences between site by type are 

shown in fig. 19 (p<0.0001).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17 Oneway Analysis of LOI by Type 
 

Fig. 18 Oneway Analysis of LOI by Site 
 

Fig. 19 Oneway Analysis of LOI by Site by Type 
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3.2 Particle Size Results 

 Differences in particle size among the samples were observed through differences in 

percentage of sand, silt, and clay in the bulk random sample.  Particles classified as sand were 

between 0.05 and 2mm in diameter, silt particles fell between 0.05 and 0.002mm, and clay 

particles constitute anything less than 0.002mm in diameter. 

 The clay fraction was of particular focus because of its large influence over soil 

chemistry and soil adsorption and hydraulic processes.  In order to obtain a normal distribution 

for the dataset, the natural log of the clay fraction values were taken before analysis.  The 

ANOVA testing showed that percentage of clay was very significantly different by site 

(p<0.0001) and for site by type (p<0.0001), displayed in fig. 21 and 22.  However, the clay 

fraction did not differ significantly by type (p=0.2701) in fig. 20.  

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 20 Oneway Analysis of % Clay by Type 
 

Fig. 21 Oneway Analysis of % Clay by Site 
 

Fig. 22 Oneway Analysis of % Clay by Site by Type 
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3.3 Soil Mineralogy and Geochemistry Results 

 The X-ray fluorescence data gives the percent composition of the soil on an element-by-

element basis.  Each element was analyzed individually using an ANOVA analysis.  Elements 

including Ti, V, Zn, and Zr were modified by taking the natural log to obtain a normal 

distribution for each data set.  Elements of interest were selected for individual testing to 

determine significance by site, type, and site by type analogously to the previous datasets.  Some 

values were determined to be below the detection limit for certain samples.  These values were 

substituted manually by determining the value halfway between 0 and the limit of detection 

provided by the manufacturer for the particular instrument.  Table 1 shows a chart of the selected 

elements and their relative p-values and significance for the three different bases.  Values in red 

show a significant difference, while values in orange signify a p-value <0.01.  The chart also 

contains the mean values of each element's composition for each type of sample. 

 

 

 

 

 

 

 

 

 

 

 

Table 1: X-Ray Fluorescence Data Summary 
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ANOVA (Prob > F) 

 
Quartz (%) Oligoclase (%) Calcite (%) 

Sq. Rt. 
Illite (%) 

Site <0.0001 <0.0001 <0.0001 0.013 
Type 0.3065 0.0342 0.4470 0.6779 
Site by Type <0.0001 <0.0001 <0.0001 0.0520 

Mineral (%) Mean by Site 
AME 35.58 24.25 16.14 3.18 
CoN 45.19 30.66 7.29 2.76 
REC 38.22 22.36 16.94 2.92 
TYN 38.72 25.73 11.42 3.44 

Mineral (%) Mean by Type 
Basin 40.37 24.47 13.73 3.06 
Control 38.82 27.38 12.22 3.00 

Mineral (%) Mean by Site by Type 
AMEBasin 37.26 22.66 18.27 3.03 
AMEControl 33.90 25.83 14.01 3.34 
CoNBasin 47.21 28.86 6.58 2.92 
CoNControl 43.18 32.47 7.99 2.60 
RECBasin 37.20 20.96 20.32 2.97 
RECControl 39.24 23.76 13.56 2.86 
TYNBasin 38.17 25.13 7.97 3.56 
TYNControl 39.27 26.33 14.87 3.32 

 

Table 2 shows a summary of the four most common minerals found in the soil from the 

x-ray diffraction data.  The illite dataset was transformed by taking the square root of the data set 

in order to obtain a normal distribution.  The four minerals from the table were present in every 

soil sample.  Minerals present in smaller amounts included orthoclase, microcline, vermiculite, 

kaolinite, hematite, natroalunite, and tremolite.  

 

3.4 Basin Multivariate Component Analysis 

 The principal component analysis provides a broad-scale insight into how the soil 

samples are influenced by the different contributing variables as a whole.  Fig. 23 illustrates the 

influence of the series of eigenvectors on the different components of variation within the 

Table 2: X-Ray Diffraction Data Summary 
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entirety of the whole dataset.  The middle figure shows how the different variables cluster in 

terms of how similarly they act together in terms of variation in the dataset.  The orange "REC" 

samples tend to cluster closely with one another at the bottom left of the chart.  The red "TYN" 

samples, however, tend to be much more spread out.  The green "CoN" samples tend to cluster at 

different points in the plot and separate based on basin vs. control samples.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 23 Principal Component Analysis 
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3.5 Biochar Column Results 

The biochar adsorbance of atrazine from 100mL of 13.8 mg/L atrazine solution is 

summarized in the last column of Table 3.  Configuration 1 refers to the stratified biochar 

column pictured in fig. 8, and configuration 2 refers to the mixed sand and biochar column from 

fig. 9.  The absorbance values from the spectrophotometer are notated in the first column.  The 

background absorbance for the biochar was measured and notated because of the tendency of 

biochar to release organic matter into the solution that it in in contact with.  The original 

background absorbance value at 220nm for configuration 1 was measured at 0.845 using 25mL 

of DI water run through the column as a control.  The background absorbance value for 

configuration 2 at 220nm was measured at 1.420.  The background absorbance for DI water at 

220nm was determined to be 0.229.  The two char background values were both subtracted by 

0.229 to eliminate the influence of water.  Therefore, a background absorbance value of 0.616 

was subtracted for the configuration 1 columns.  The background absorbance of 1.191 was 

subtracted from the original absorbance values of the configuration 2 columns.  This subtraction 

eliminates the background interference from the biochar and isolates the peak absorbance solely 

from the atrazine.  The water absorbance value of 0.229 is not subtracted from the absorbance 

values because the standardized curve includes the background from DI water.  No background 

value was subtracted from column #9, the control column containing solely 80g of quartz sand.   

The final atrazine concentration was calculated using the equation extrapolated from the 

series of standards in fig. 10.  Using the linear regression equation y=7.894x-2.2926, the 

absorbance value with the background subtracted is substituted for x, and the output gives the 

final concentration of atrazine within the column effluent. 
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Column Number Absorbance 
at 220nm 

Absorbance (Char 
Background 
Subtracted) 

Initial 
Atrazine 
Concentration 
(mg/L) 

Final 
Atrazine 
Concentration 
(mg/L) 

% Atrazine 
Absorbed 

1 (Config. 1-Separated) 1.319 0.703 13.8 3.26 76.40 
2 (Config. 1-Separated) 1.627 1.011 13.8 5.69 58.78 
3 (Config. 1-Separated) 1.644 1.028 13.8 5.82 57.81 
4 (Config. 1-Separated) 1.719 1.103 13.8 6.41 53.52 
5 (Config. 2-Mixed) 1.233 0.042 13.8 -1.96 114.21 
6 (Config. 2-Mixed) 1.729 0.538 13.8 1.95 85.84 
7 (Config. 2-Mixed) 1.646 0.455 13.8 1.30 90.59 
8 (Config. 2-Mixed) 1.496 0.305 13.8 0.12 99.17 
9 (Sand Control-No 
Biochar) 

1.637 1.637 13.8 10.63 22.97 

 

 

Column Number Run Times for 100mL (hr) Total Column Porosity 
by Mass (%) 

1 (Config. 1-Separated) 72 25.19 
2 (Config. 1-Separated) 0.25 27.26 
3 (Config. 1-Separated) 72 26.40 
4 (Config. 1-Separated) 72 27.76 
5 (Config. 2-Mixed) 72 22.31 
6 (Config. 2-Mixed) 1 29.39 
7 (Config. 2-Mixed) 0.2 27.86 
8 (Config. 2-Mixed) 48 26.71 
9 (Sand Control-No 
Biochar) 

0.25 23.98 

 

The average adsorbance values were calculated for each configuration, while excluding 

the unreasonable value from column 5.  The average atrazine adsorbed for configuration 1 was 

61.63%, and the average atrazine adsorbed for configuration 2 was 91.86%.  The data show that 

there tends to be a greater atrazine adsorbance for the mixed configuration columns.   

 

Table 3: Atrazine Biochar Column Adsorbance Summary 
 

Table 4: Atrazine Biochar Column Run Times and Porosity 
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Fig. 24 Flow Rate vs. % Atrazine Adsorbed 

 

 

 

 

 

 

 

 

 

 Fig. 24 shows the overall relationship between the flow rate through the column and the 

amount of atrazine adsorbed.  

 

IV. Discussion 

4.1 Basin Characterization and Data Implications: Soil Chemistry 

The resulting data show that the greater influx of stormwater into the basin increases 

acidity in every basin relative to its respective control samples in fig. 11. The significant 

difference in pH between basin and control samples is likely due to the increase in free drainage 

and increased accumulation of organic matter over time.  An increase in organic matter within 

the basin itself is evidenced by the loss on ignition data. 

The LOI data show that the control samples taken from outside the basin have 

significantly less organic matter than the basins.  Fig. 17 shows that the oldest basin (TYN) has 

the greatest amount of organic matter, suggesting that organic matter accumulates in the basin 
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over time.  Fig. 18 shows this phenomenon with greater resolution.  It shows that the basins have 

a greater amount of organic matter than its relative control samples among all four sites.  

However, there is very little difference in the amount of organic matter for the REC basin 

samples, which are also the newest basins constructed in 2010.  The data suggest that over time, 

the increase in organic matter content of the basin grows over time as a result of stormwater 

influx. 

 Overall, the basic chemical data shown within these three analyses suggest a change in 

the soil chemistry over time influenced by the increase in stormwater flow into the soil profile.  

The basin soils become increasingly less alkaline than the soil above the basin across the board, 

which corresponds with the hypothesis that increased drainage inherently lowers soil pH.  The 

EC of the soil did not differ significantly between basin and control samples, suggesting that 

there is little correlation between soil salinity and increased stormwater infiltration, although the 

basins had a slightly lower EC than control samples.  The newest basins (REC) did have a 

significantly higher EC than all the four sites, and suggests there could be a correlation between 

age of basin, and greater leaching of salts through increased infiltration from the stormwater.  

However, the difference between basin and control EC was not large enough to show 

significance. 

 

4.2 Basin Characterization and Data Implications: Particle Size 

The clay particle size data show that clay tends to accumulate in the older basin sites over 

time.  Fig. 21 shows clearly how the oldest basins (TYN and CoN) have the greatest percentage 

of clay, while the newest basin (REC) has a much smaller clay fraction.  This figure and its high 

significance support the hypothesis that clay has accumulated in the older basins over years of 
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stormwater deposition.  Clay-sized particles are most likely to travel the farthest within 

stormwater because they remain suspended in stormwater longer than the larger particles, and are 

more likely to be eroded and deposited at the basin sites.   

 Fig. 22 shows that for the two older sites (CoN and TYN), the basin samples have a much 

greater amount of accumulated clays than the relative control samples.  The two newer basins 

show that the control samples have slightly more clay than the basin samples.  This suggests that 

over time, the amount of clay tends to increase within the basin relative to the higher soil 

surrounding the basin. 

 

4.3 Basin Characterization and Data Implications: Mineralogy and Geochemistry 

The results for the selected elements above show that there are significant differences in 

elemental composition most frequently between the four different sites.  The outcome shows that 

elemental composition is determined more by the site-specific characteristics than the difference 

between basin and above-basin soil.   

In a similar pattern to the x-ray fluorescence results, the statistics show that soil 

mineralogy is primarily determined by site-specific characteristics rather than basin vs. above-

basin characteristics.  It is likely that soil mineralogy is more likely to be determined by the soil 

parent material in that location rather than differences in stormwater infiltration.   

 

4.4 Atrazine-Biochar Column Data Implications 

The % adsorbance values from Table 3 show that there is evidence of biochar adsorbance 

of the atrazine contaminant from the solution.  The data from control column #9 shows that there 

is some adsorbance of the contaminant from the sand, but that a majority of the adsorbance is a 
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result of the biochar. 

 Biochar column #5 from Table 3 provides an unreasonable value for the atrazine 

adsorbance.  This error could be due to several experimental inconsistencies.  There might have 

been an error in the filtering of the solution where particulates were able to interfere with the 

spectrophotometer's absorbance value.  It is also possible that that the biochar particles were 

generally smaller for this column, and resulted in a larger background because of the release of a 

greater amount of background organic matter. 

 The data show that column configuration 2 has a greater average amount of atrazine 

adsorbed (91.86%) compared to the average 61.63% adsorbed using column configuration 1.  

This is likely to be largely a function of contact time and surface area of biochar contact.  The 

stratified column solution is likely to have less contact with the biochar than the mixed column.  

The biochar has a strong negative electric charge, and fluids are likely to take the path of least 

resistance around the biochar to the bottom of the column.  The mixed column allows for greater 

contact between the solution and the biochar, and forces this contact to occur for a greater 

amount of time.  In the first configuration, the solution is likely to find the easiest flow path 

through the biochar, and quickly passes through with less biochar contact and therefore less 

adsorbance of the contaminant. 

 The run times for the different columns were extremely variable as shown in Table 4, 

ranging from 15 minutes to several days to drain 100mL.  The columns were constructed as 

similarly as possible, but it is most likely that a loose fitting of the filter on the rubber stopper 

influenced the run times most severely.  Despite the differences in run times, there does not 

appear to be major a correlation between greater run time and greater atrazine adsorbance within 

the column based on fig. 24.  The data show that run time appears to have less influence over the 
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adsorbance than the column configuration or the amount of biochar surface contact.  Further 

experimentation would be required in order to construct columns with less variability among 

their flow rate.  

 

4.5 Synthesis of Basin and Biochar Results 

 The results found during basin soil analysis and the data collected during the biochar 

adsorption experiments are directly related and important within a field-based context.  The 

biochar column experiments were setup with a high degree of simplicity in order to eliminate the 

influence of different soil variables on the total adsorption of the contaminant.  The columns 

were not made to simulate field conditions.  Pesticide or herbicide contaminant sorption within 

the actual soil profile relies heavily on variables such as soil moisture, soil structure, organic 

matter content, clay content, and iron oxide content (Arias-Estevez et al. 2007).  The column 

experiments were organized to eliminate the interference of these variables in order to determine 

the adsorption from biochar enclosed within a sand barrier.  Based on the data collected from the 

field samples of the water harvesting basins, the characteristics that influence contaminant fate 

and transport are extremely variable within the actual field setting. 

 The characterization of the basin soil samples from this study was limited to only several 

types of soil properties including chemistry, mineralogy, and particle size.  The methods used in 

this rudimentary study did not allow for other types of contaminant identification within the soil 

samples.  From the data that was collected, it is evident that soil properties were subject to 

variability depending on site location and whether it was a basin or a spatially analogous above-

basin sample.  Further research potential exists to look into the specific contamination that might 

be affecting these soils using mass spectroscopy or NMR spectroscopy.  Despite the 
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technological limitations of the study, the scope of soil variability for these basins was recorded, 

and provides a solid research basis for future projects using the detention basin sites. 

 

4.6 Atrazine, Other Herbicides, and Future Research 

The possibilities for future research within the field of stormwater contaminant transport 

and soil adsorption are extensive.  Atrazine was the only type of contaminant selected for 

investigation during this study.  Other types of stormwater contaminants are abundant and 

diverse.  Atrazine, however, was selected for study because of its high frequency in surface water 

and groundwater contamination.  A report by the US Environmental Protection Agency 

determined that conventional agricultural practices had led to the occurrence of 46 different 

pesticide contaminants in groundwater, and 76 different pesticide compounds in surface waters 

(Arias-Estevez et al. 2007).  Of all these contaminants detected, however, atrazine was the most 

common. 

 Atrazine-containing herbicides are most frequently used to regulate the spread of 

broadleaf and grass weeds principally in corn agriculture, although they are also used for various 

other crops, and for general landscaping (Solomon et al. 1996).  Water contamination therefore 

occurs most frequently in the Midwest where a majority of corn is harvested within the United 

States.   

 Atrazine, as an endocrine disruptor, has been shown to have detrimental effects on 

aquatic organisms when in high concentrations, but the evidence regarding its effects on human 

health are still inconclusive and poorly understood (Hayes et al. 2006).  The presence of atrazine 

in surface water has been shown to disrupt the morphological development of several amphibian 

species with atrazine concentrations as low as 0.1 µg/L (Hayes et al. 2006).  This study was 
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conducted in a laboratory setting, but Solomon et al. suggests that field studies show that atrazine 

presence is only ecologically significant when found in concentrations of 50 µg/L or higher 

(1996).  The review from Solomon et al. also found that Midwestern watersheds with the highest 

overall occurrence of atrazine contamination in surface waters almost always remained below 20 

µg/L (1996).   

 The column experiments from this study used much greater concentrations of atrazine 

solution in order to understand how biochar would react with and adsorb the contaminant.  

Concentrations of around 13 mg/L, like was used in our study, would be highly unreasonable in 

an actual urban watershed.  Although the biochar experiments in this study showed up to 80% of 

contaminant adsorption from the biochar alone, further research is required in order to determine 

how the biochar would continue to influence sorption of pesticide and herbicide contaminants 

over longer periods of time. 

 Jones et al. conducted a study specifically focusing on biochar and its ability to increase 

sorption of the herbicide known as simazine within the field (2011).  Simazine is a similar 

herbicide to atrazine, and both are of the triazine class.  The study found that application of 10-

100 t/ha of biochar to an agricultural field significantly reduced simazine biodegradation by 

microbes, and leaching through the soil due to the strong adsorbance from the biochar (Jones et 

al. 2011).  The study also concluded that biochar that had been aged within the field for two 

years showed the same effect on simazine adsorption as the freshly applied biochar.  The study 

concluded that biochar application would inherently reduce the potential for environmental 

contamination and human exposure to foliar-applied herbicides (Jones et al. 2011). 
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V. Conclusions 

 The practical need for the development of water sensitive urban design strategies in the 

Southwest is only bound to increase as climate change and drought continues to exert its strain 

on water resources.  The results presented in this thesis suggest different soil-based variables that 

need to be considered when incorporating water-harvesting strategies into the urban landscape.  

Increased infiltration of stormwater into a small surface area has the potential to alter chemical 

and physical properties of the surface soil in a catchment basin.  The inherent properties and 

contamination of urban rainwater need to be addressed and considered when repurposing water 

for both potable and non-potable reuse.  The results here provide a brief insight into the potential 

benefits of biochar as a soil amendment in WSUD infrastructure, although further research into 

its long term potential is necessary.  
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VII. Appendix 

Table 5: Raw Chemical and Particle Size Data 
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Table 6: X-Ray Fluorescence Raw Data 
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Table 7: X-Ray Diffraction Raw Data 
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