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1.0 Project Description 

1.1 Project Purpose 

The purpose of the Adsorptive Capacity of Orange Peels and Zero Valent Iron for Water 

Treatment project is to find the removal efficiency and rate of removal of orange peels for 

uranium and zero valent iron for arsenic from water. The goal is to conduct research in 

order to determine the maximum water volume and chemical concentrations the orange 

peels and zero valent iron can treat prior to exhaustion. Overall, this project will provide 

further data that supports this inexpensive and unique method for arsenic and uranium 

removal from drinking water. 

1.2 Existing Conditions 

The testing conducted by the previous Low-Cost Water Filtration capstone team included 

preparing a water sample contaminated with various concentrations of arsenic and uranium 

and running the water through the selected treatment options. The synthetic water had an 

average uranium concentration of 84.71 µg/L and an average arsenic concentration of 68.65 

µg/L in order to model the average chemical concentrations found at the Navajo Nation site 

the team was working with. The volumes of water tested included a 1 L, 3 L, 5 L, and 7 L 

samples of contaminated water. The orange peels removed uranium with a removal 

efficiency ranging from 99.03% to 99.39%, increasing with increased volume. The orange 

peels were not as effective at removing arsenic, with a removal efficiency ranging from 

27.43% to 62.02%, decreasing with increased volume. The zero valent iron filings had a 

uranium removal efficiency ranging from 99.82% to 99.87%, and an arsenic removal 

efficiency ranging from 88.46% to 98.85% [1]. This data supports the uranium and arsenic 

removal capability of orange peels and zero valent iron filings. Figure 1.0 shows removal 

data of the original project. The red figures represent final concentrations above the 

maximum contaminant level (MCL) for the specific contaminant. The green figures 

represent final concentrations below the MCL. 
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Figure 1.0: Uranium and Arsenic Removal Data [1] 

1.3 Exclusions 

Due to time constraints, this project did not include any testing for kinetics, or the rates of 

reaction, which is needed for final design of a filter. Therefore, the design of a filter is also 

excluded from the project. 

2.0 Background Information 

This project is a continuation of the Low-Cost Water Filtration capstone project completed from the 

previous capstone year [1]. The goal for the original capstone team was to design a water filter for 

the removal of uranium, arsenic, and bacteria. The water filter needed to be low-cost, electricity 

free, and needed to have the capability of removing the contaminants below their maximum 

contaminant limits (MCLs). The team explored several removal methods that included the use of 

orange peels and zero valent iron. However, the lack of adsorption capacity data of the orange 

peels and zero valent iron made the team unable to incorporate the materials into a water filter 

design. At the conclusion of the original capstone project, it was determined that orange peels were 

capable of removing uranium while zero valent iron was capable of removing both uranium and 

arsenic (see section 1.2 for removal efficiency data). Therefore, it was necessary to determine the 

actual capacity of the orange peels and zero valent iron in order to further the science in order to 

ultimately design a water filter utilizing the materials. 

2.1 Adsorption Theory 

Adsorption is the process in which molecules of a given substance accumulate on the surface of a 

separate substance due to Van der Waals interactions. Unlike absorption, which is a chemical 

process where the molecules enter the bulk phase of the second substance, adsorption is a 
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physical process that occurs on the surface layer of the second substance. Since adsorption deals 

with the surface layer of a material, a higher surface area usually yields higher adsorption. The 

different adsorption processes include liquid (L)-gas (G), L-L, solid (S)-L, and S-G, with S-G and S-L 

being the most common. The adsorptive capacity of orange peels and ZVI filings for uranium and 

arsenic removal from water project is dealing with S-L adsorption. The term adsorptive refers to 

the molecule in bulk liquid phase being adsorbed onto the solid. The term adsorbate refers to the 

adsorptive molecules on the interfacial layer of the adsorbent, which is the substance causing 

adsorption. The terms sorptive, sorbent, sorbate, and sorption are used when both adsorption 

and absorption are taking place, or when the two cannot be distinguished. Figure 1 shows an 

image of the adsorption system [2]. 

 

Figure 2.0: Adsorption System 

With respect to the project, the adsorptive would be the water, the adsorbate would be 

either uranium or arsenic, and the adsorbent would be the orange peels or the ZVI filings. 

Adsorption is typically described through isotherms. Isotherms show the equilibrium 

relation between the amount of adsorbed material and the pressure or concentration in the 

bulk phase at a constant temperature [3]. An example of an isotherm model is the 

Freundlich isotherm, which is commonly used for drinking water and air treatment 

applications. The Freundlich isotherm equation is shown below. 

                                                    

Equation 2.1: Freundlich Isotherm Equation 
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Where, 

q = Mass of adsorbate per unit mass of adsorbent after equilibrium (mg/g) 

K = Freundlich isotherm capacity parameter ((mg/g)(L/mg)^(1/n)) 

Ce = Equilibrium concentration of adsorbate (mg/L) 

1/n = Freundlich isotherm intensity parameter (unitless) 

The following figure shows a graph with various Freundlich isotherm intensity parameters 

plotted. 

 

Figure 2.1: Freundlich Isotherm Model [3] 

In order to determine the K and 1/n values, a log plot must be created. The equation for the 

log plot is shown below. 

log 𝑞 = log 𝐾 + 
1

𝑛
log 𝐶                       Equation 2.2: Freundlich Isotherm Log Equation 

Where, 

𝑞 = Mass of adsorbate per unit mass of adsorbent after equilibrium (mg/g)   

C = Equilibrium concentration of adsorbate (mg/L) 

The log values for q and C are then plotted, as shown in Figure 2.3.  
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Figure 2.2: Example Freundlich Isotherm Log Plot [3] 

A linear regression is used to determine the K and 1/n values, where K is 10 to the power of 

the y-intercept and 1/n is the slope. For Figure 2.2, the K value would then be 10^0.761, or 

5.77 (mg/g)(L/mg)^(1/n), and 1/n would be 0.6906. 

For Freundlich isotherm intensity parameters less than one, the isotherm is considered to 

be favorable for adsorption because lower concentrations of the adsorbate in the aqueous 

phase yield higher values of adsorption. Conversely, a Freundlich isotherm intensity 

parameter greater than one is considered to be unfavorable for adsorption. When the 1/n 

value is equal to one, the isotherm is considered a linear isotherm [3].  

Another example of an isotherm model is the Langmuir isotherm model. The equation is 

shown below. 

𝑞 =  
𝑄0𝐾𝐿𝐶𝑒

1+𝐾𝐿𝐶𝑒
                                                      Equation 2.3: Langmuir Isotherm Model 

Where, 

q = Mass of adsorbate per unit mass of adsorbent after equilibrium (mg/g) 

Q0 = maximum monolayer coverage capacity (mg/g) 

KL = Langmuir isotherm constant (L/mg) 

Ce = Equilibrium concentration of adsorbate (mg/L) 

The linear form of the equation is shown below. 

1

𝑞
=  

1

𝑄0
+ 

1

𝑄0𝐾𝐿𝐶𝑒
                                      Equation 2.4: Linear Langmuir Isotherm Model 

By graphing 1/q vs 1/ Ce, which are the variables of the experiment, Qo and KL are able to be 

determined by finding the slope and intercept of the graph. The following figure gives an 

example of a Langmuir isotherm graph. 
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Figure 2.3: Example Langmuir Isotherm Plot [4] 

The slope of these lines would be the 1/QoKL value and the intercept of the lines would be 

the 1/Qo value. By solving for Qo by taking the inverse of the intercept, the KL term can then 

be solved for by using the value of the slope. The equilibrium parameter for the Langmuir 

isotherm, RL, can be found with the following equation. 

𝑅𝐿 =  
1

1+(1+𝐾𝐿𝐶𝑜)
        Equation 2.5: Langmuir Isotherm Equilibrium Parameter Equation 

Where, 

Co = Initial concentration (mg/L) 

An RL value greater than 1 means the conditions are unfavorable for adsorption, linear if RL 

is equal to 1, favorable if RL is between 0 and 1, and irreversible if RL is equal to 0 [5]. An 

irreversible reaction is one that cannot be reversed, making it an absorbtion reaction 

instead of a reversible adsorption reaction. 

3.0 Experimental Design 

3.1 Experimental Matrix 

An experimental matrix was developed based upon pre-defined data quality needs. Specific 

parameters were varied throughout the experiment in order to obtain sufficient data for the 

isotherm models used for determining adsorption capacity. It was expected that significant 

parameters within each experiment include uranium and arsenic concentration, adsorbent 

material volume, and adsorbent particle size. Table 3.0 shows which parameters will be held 

constant and which parameters will be varied for each experiment. The sample identifiers 

are written in the cells under the replicates section. 
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Table 3.0: Batch 1 Experimental Matrix 

 

In order to determine how many variables and replicates would be required to obtain 

statistically significant data, Dr. Derek Sonderegger from Northern Arizona University’s 

Statistical Consulting Lab was contacted. For adsorption testing, it is necessary to obtain 

data at removal efficiencies below 100% in order to determine a representative q value, as 

discussed in section 2.1. The goal for batch 1 is to determine a range of adsorbent masses 

that will yield data in the desired range. Dr. Sonderegger stated that in order to find this 

range, a minimum of three masses is required. Estimates of a mass that will yield below 

100% removal and two separate masses that will yield 100% removal were the overall goal. 

Dr. Sonderegger also stated that in order to find the amount of replicates needed for 

statistically significant data, a variance must be known. Due to the lack of existing data on 

orange peels and ZVI filings as adsorbent materials, there was no expected variance. For the 

first batch 3 replicates were run in order to get a better understanding of the variance and 

then the number of replicates that will be necessary for the second batch of data will be 

determined. Furthermore, since the first batch was going to be exploratory and the second 

batch would include the refined values that would be used for the isotherm models, it was 

advised to dedicate 30% of the samples for the first batch and 70% of the samples for the 

second batch. 

3.2 Safety, Sample Labeling, Shipping Protocols 

A lab safety plan was created prior to beginning lab work. This served as a contract that 

Katharos Engineering had completed the required training to work in the lab, that personal 

protective equipment (PPE) would be worn when necessary, and that all hazardous 

materials would be handled and disposed of properly. Furthermore, all of the samples 

would be labeled properly to avoid confusion and error within the lab. Outlining the 
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shipping protocols was also included in the lab safety plan to avoid complications 

throughout the sample shipment process and in turn create errors with the sample analysis. 

The lab safety plan and the signed contract can be found in Appendix A. 

3.3 Experimental Methods 

Batch experiments were conducted in order to determine the adsorption capacity. The 

materials list for the batch experiments can be found below. 

 Magnetic stir plate 

 Magnetic capsules and stir bars 

 250 mL Erlenmeyer flasks 

 50 mL volumetric pipettes 

 Pipette bulbs 

The predetermined orange peels and ZVI filings masses were weighed out using an 

electronic weighing station. The masses of the orange peels and ZVI filings were then placed 

inside the respective 250 mL Erlenmeyer flasks. Using the 50 mL volumetric pipettes and 

pipette bulbs, 100 mL of the solution was then poured into the respective 250 mL 

Erlenmeyer flask. The magnetic capsule was then slid into the 250 mL Erlenmeyer flask and 

then placed on top of the magnetic stir plate. The magnetic stir plate stayed on 350 rpm for 

24 hours, at which point the samples were removed and prepared for shipment. 

4.0 Experimentation 

 4.1 Material Preparation 

  4.1.1 Orange Peels 
Approximately 20 medium navel oranges were purchased from a local grocery store 

that were to be prepared for the experiment. The orange peels were initially cut to 

an approximate size of 1 cm × 1 cm and then rinsed in DI water. Three flat sheets of 

aluminum foil were then prepared and the orange peels were distributed evenly on 

each sheet and then placed in a drying oven set to 105℃, as shown in Figure 4.0 and 

Figure 4.1. After a 12 hour period, the orange peels were removed from the drying 

oven. The peels were then chopped using a blender for approximately 30 minutes, 

or until there was no longer any visible changes in the size of the peels. 
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Figure 4.0: Orange Peels Distributed on Foil Trays 

Figure 4.1: Foil Trays in Drying Oven 
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4.1.2 ZVI Filings 

The ZVI fillings were purchased through Amazon. The brand was Science Magnets, 

12oz. Iron filings. The only material preparation associated with the ZVI filings was 

saturating the filing with DI water in order to remove any possible dust particles 

from the surface of the filings.  

4.1.3 Particle Size Distribution Analysis 

A dry sieve analysis was conducted for both the orange peels and the ZVI filings in 

order to determine the particle sizes being used throughout the experiment. The 

USACE EM_1110-2-1906 Appendix V method was used for the sieve analysis 

procedure, and can be found in Appendix B. Figure 4.2 shows the particle size 

distribution for the ZVI filings. However, all sizes of the ZVI filings were used in 

testing. The sieve analysis was conducted solely to determine how the particle sizes 

were distributed. 

 

Figure 4.2: ZVI Filings Particle Size Distribution Graph 

Figure 4.3 shows the particle size distribution for the orange peels. As shown, the 

majority of the orange peels were less than 600 um, or no. 30 US Standard Sieve 

size. Since the orange peels required preparation, the goal was to keep the size 

practical for an average household to create. As the majority of the orange peels 

were retained on the no. 30 sieve, this was the selected orange peel size used 

throughout the testing. This particle size falls under the range for a sand 

classification. All of the orange peels that were retained on the remaining sieves 

were not used for any portion of the testing. 
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4.2 Sample Water Creation & Analysis 

As preferred by the client, the team focused on obtaining a well water source for testing. Dr. 

Paul Gremillion provided tap water from his home which comes directly from a well water 

source. Dr. Gremillion also transported the water from his home to the NAU CECMEE 

Environmental Water Quality Lab. The sample water was created using the dilution 

equation shown below. 

𝐶1𝑉1 = 𝐶2𝑉2 

 Where, 

 C = Concentration of uranium or arsenic (mg/L) 

 V = Volume (mL) 

 The materials list used for creating the sample can be found below. 

 1000 mL volumetric flasks 

 1000 mL Erlenmeyer flasks 

 1 mL, 10 mL, 50 mL volumetric pipettes 

 Pipette bulbs 

 Parafilm 

The uranium and arsenic standards used for the lab both have a concentration of 10,000 

µg/mL (V2). The volume of the solutions that were prepared are 1000 mL (V1). The C1 

concentrations were the predetermined initial uranium and arsenic concentrations. The 

variable that was solved for, V2, was the volume of the standard required to create the 
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Figure 4.3: Orange Peels Particle Size Distribution Graph 
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solutions. Using 1000 mL volumetric flasks, the flask was filled with the calculated V2 value 

of the standard solution and then filled to the 1000 mL mark with the well water sample. 

The solution was then transferred to a 1000 mL Erlenmeyer flask, covered in parafilm, and 

stored in the fume hood. For Batch 1, three stock solutions were created of uranium and 

arsenic all at 1000 mL. The concentrations were 100 mg U/L, 10 mg As/L, and 50 mg As/L. 

Basic water quality parameters were tested for the well water including hardness, alkalinity, 

and pH. Hardness testing was done using HACH Method 8226, alkalinity testing was done 

using HACH Method 8221, and pH was determined using a pH meter. The following table 

shows the average results found after three runs of each test. 

Table 4.0: Water Quality Analysis 

pH 7.52 

Hardness 286.6 mg CaCO3/L 

Alkalinity 26.6 mg CaCO3/L 

 

 4.3 Data Collection 

The data collected for the experiments include the initial and final concentrations of 

uranium and arsenic. The test samples were shipped to Dr. Michael Ketterer, Chemistry 

Department Professor and Chair at the Metropolitan State University of Denver. Dr. 

Ketterer tested the samples for uranium and arsenic using the ICP-MS (Inductively Coupled 

Plasma Mass Spectrometry) lab technique. Raw data was sent back to Northern Arizona 

University, where Dr. Gremillion helped in decoding the data into the desired uranium and 

arsenic concentration values. 

5.0 Data Analysis 

 5.1 Batch Testing Results 

At the conclusion of first batch tests, graphs were created in order to determine the range 

of removal and the variance of the results. The following graphs show the results for the 

uranium and arsenic removal, as well as the initial concentrations of the chemical. 
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Figure 5.0: Batch 1 Uranium Removal 

The results for the uranium removal showed that there was no significant variance between 

replicates. With at least two of the replicates nearly identical and only one outlier, it was 

decided that for the second batch of uranium testing there would also be three replicates 

per sample. With regards to removal efficiencies, there was no removal above 80% and 

there was also not a large range of removal. It was decided the second batch of uranium 

tests would need to include a much broader range of masses. 

 

Figure 5.1: Batch 1 Arsenic-1 Removal 
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Figure 5.2: Batch 1 Arsenic-2 Removal 

 

On average, the results for the arsenic removal had an even smaller variance than uranium 

with the exception of the 0.65 g of ZVI filings for the 70.2 mg As/L initial concentration. This 

mass produced quite a large variance, and it is unsure if this was a lab or machine error. Due 

to the risk of a larger variance, it was decided that for arsenic there would also be three 

replicates per sample. The removal efficiencies for both initial concentrations of arsenic 

were also all near 100%. This indicated that much smaller masses would need to be used for 

the second batch of tests. Since smaller masses would be used for ZVI filings, it was decided 

that the smaller initial concentration of arsenic would be used for the second batch in order 

to keep the mass sizes practical. The following table shows the final experimental matrix for 

the second batch. 
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Table 5.0: Batch 2 Experimental Matrix 

 

 

The masses highlighted in yellow represent the minimum mass used for the first batch and 

the masses highlighted in orange show the maximum mass used in the first batch. For the 

orange peels, reaching a removal efficiency higher than 80% was attempted by increasing 

the mass amounts. However, the lack of range did result in using much smaller mass 

amounts as well. For the ZVI filings, the maximum mass that was used in the first batch was 

not considered in the second batch. Instead, the minimum mass for the first batch was 

taken to be the near maximum for the second batch and the remaining masses were 

decreased. The following graphs show the removal efficiencies for the second batch of tests. 
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Figure 5.3: Batch 2 Uranium Removal 

  

Figure 5.4: Batch 2 Arsenic Removal 

The results for the second batch had the desired broad range of removal. At the conclusion 

of the second batch, the isotherm models were created. 

 5.2 Isotherm Models 

The orange peel data was fit into the Freundlich and Langmuir Isotherm Models using 

Equations 2.2 and 2.4, respectively. The following graphs show the final isotherm models for 

the orange peels. 
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Figure 5.5: Orange Peel Freundlich Isotherm Model 

  

Figure 5.6: Orange Peel Langmuir Isotherm Model 

The regression coefficient, or R2 value, was much closer to 1 for the Langmuir Isotherm 

model meaning this was the better fit isotherm. Similarly, the ZVI filings data was fit into the 

two different isotherm models. 
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Figure 5.7: ZVI Filings Freundlich Isotherm Model 

  

Figure 5.8: ZVI Filings Langmuir Isotherm Model 

The ZVI filings data also had a regression coefficient closer to 1 for the Langmuir Isotherm 

model, indicating it was the better fit. The raw data used for the isotherm models can be 

found in Appendix C. The remaining analysis was conducted using the Langmuir Isotherm 

parameters, shown in the table below. 
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Table 5.1: Langmuir Isotherm Parameters 

 Orange Peels ZVI Filings 

QO (mg/g) 123.47 11.19 

KL (L/mg) 3.53 1.89E-3 

RL (unitless) 0.458 0.03 

The maximum adsorption capacity, QO, shows how much the material is capable of 

adsorbing. The Langmuir isotherm constant, KL, is used to calculate the Langmuir Isotherm 

Equilibrium Parameter, RL, which indicates the favorability of adsorption. An RL value in the 

range from 0 to 1 indicates the material is favorable for adsorption. The orange peels and 

the ZVI filings were both determined to be favorable for adsorption. 

6.0 Conclusions & Recommendations 

At the conclusion of the data analysis, it was established that orange peels and ZVI filings are 

favorable for adsorption of uranium and arsenic, respectively. Two example scenarios were created 

in order to show the required mass of material to remove a specific amount of uranium or arsenic. 

The table below outlines the two separate scenarios. 

Table 6.0: Example Scenarios 

 Scenario #1 – Orange Peel Scenario #2 – ZVI Filings 

Initial Chemical Concentration  90 µg Uranium/L 70 µg Arsenic/L 

Desired Final Chemical 

Concentration  

30 µg Uranium/L 10 µg Arsenic/L 

Adsorption Capacity (q) 0.007 mg U/g OP 0.38 mg As/g ZVI filings 

Required Mass of Material for 

10L of Contaminated Water 

85.71 g OP 1.58 g ZVI filings 

The initial concentrations were based off of the average chemical concentrations found at the 

Navajo Nation site from the previous year’s team. The desired final concentrations are the EPA 

MCL’s for uranium and arsenic. The adsorption value, q, was calculated based off of the isotherm 

models. The required mass of material to treat 10L of contaminated water calculated in order to 

give a representation of the removal efficiency of the material. It is recommended that the 

materials are tested for kinetics before being incorporated into water filter design. 
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7.0 Project Impacts 

Uranium and arsenic are naturally occurring metals in the environment, and are often found at 

unhealthy levels on sites that have been impacted by activities such as mining. Levels of uranium 

and arsenic that exceed the EPA MCL’s have negative human and ecological health effects. 

Conducting research on potential treatment materials for the chemicals can help eliminate these 

negative effects. Often times the public is not aware of the conditions at these contaminated sites, 

even if they live nearby. A project that is focusing on finding treatment methods for metal 

contamination can be a source of awareness to the public on these contaminated sites and the 

need for remediation. Similarly, this research has the potential to promote the findings of other 

sustainable water treatment methods. This is crucial for rural areas and developing countries that 

are also suffering from drinking water contamination, as it gives them a more accessible form of 

water treatment.   

8.0 Summary of Project Costs 

The original Gantt chart can be found in Figure 8.0 below. Although there were no changes to the 

task list, the dates of some of the tasks changed considerably. The final Gantt chart can be found in 

Figure 8.1. 
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Figure 8.0: Original Gantt Chart [6] 
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Figure 8.1: Final Gantt Chart 
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There were some issues in beginning the lab work, as coordinating the required meetings to begin 

working in the lab proved to be more difficult than anticipated. Further issues arose when the 

results for the second batch took much longer to arrive than the original two week time period that 

was given. Fortunately, all of the data arrived with time to complete all of the analysis for the 

project in order to still meet the project deadline as shown in the final Gantt chart. 

The following tables show the estimated project costs and the actual project costs. The 

classifications are as follows: senior engineer (SENG), engineer (ENG), lab technician (LAB), intern 

(INT), administrative assistant (AA). 

Table 8.0: Estimated Project Costs [6] 

Item Classification Hours Rate $/hr Cost 

1.0 Personnel SENG 112 146 $16,336 

 ENG 320 81 $25,907 

 LAB 72 48 $3,450 

 INT 152 22 $3,371 

 AA 96 50 $4,847 

 Total Personnel 752  $53,911 

     

2.0 Subcontract Analytical    

 150 samples + 2 shipments  $300 

     

3.0 Total    $54,211 

 

 

 

 

 

 

 

 

 



 

Table 8.1: Actual Project Costs 

Item Classification Hours Rate $/hr Cost 

1.0 Personnel SENG 46 146 $6,716 

 ENG 213 81 $17,253 

 LAB 45 48 $2,160 

 INT 12 22 $264 

 AA 61 50 $3,050 

 Total Personnel 377  $29,443 

     

2.0 Subcontract Analytical    

 150 samples + 2 shipments  $300 

     

3.0 Materials Orange Peels & ZVI Filings   $60 

   Total Cost $29,803 

The assigned hours were greatly overestimated, as the final total project hours was 377 instead of 

the anticipated 752. This was largely due to the overestimation of hours worked in the lab. The 

batch testing procedures performed did not require as much man-hours as originally anticipated. 

The cost of materials was also not calculated into the estimated project cost, although it was in the 

actual project costs. This left the actual project costs at a total of $29,803 versus the estimated 

$54,211. 
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Appendix A: Lab Safety Plan 
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1.0 Overview 
The goal of the lab safety plan is to promote safety throughout the project. The lab work will be 

conducted in the Northern Arizona University (NAU) Environmental Engineering Lab (Building 69, Room 

245). This lab safety plan will include the facilities the lab offers for safety purposes. The lab safety plan 

will also review chemical hygiene information. This includes proper chemical handling, the personal 

protective equipment that must be worn, proper sample labeling, accidents response, the necessary lab 

training that must be completed to work in the lab, and the proper waste disposal methods. Each 

individual team member will be required to review the lab safety plan and sign a contract stating they 

have read and agree with all of the lab work requirements. This contract can be found in Appendix A. 

2.0 Laboratory Facilities 

 2.1 Shower & Eye Wash Station 

There are two shower and eye wash stations located in room 245, one on the north section and 

one in the south section of the lab. Instructions on how to use the shower and eye wash station 

are shown in the figures below. If eye contact occurs with the chemical, the eyes must be 

flushed with water at the eye wash station for at least 15 minutes.  

 

Figure 6: Shower & Eye Wash Station Room 245, North Side 



 

 

Figure 7: Shower & Eye Wash Station Room 245, South Side 

 

Figure 8: Shower & Eye Wash Station, Shower Instructions 



 

 

Figure 9: Shower & Eye Wash Station, Eye Wash Instructions 

As shown in Figure 3, in order to use the shower station the individual must stand underneath 

the shower head and pull on the triangular handle. As shown in Figure 4, in order to use the eye 

wash station the individual must stand over the station with eyes lined up with the respective 

water outlets and push on the paddle to the right of the station.  

 2.2 Fume Hoods 

There is one fume hood located in room 245, as shown in the figure below. The fume hood 

provides the ventilation required for the use of chemicals. All of the arsenic and uranium 

solutions will be stored in the fume hood for the duration of the tests. 

 

Figure 10: Fume Hood Room 245 



 

3.0 Chemical Hygiene 

 3.1 Chemical Handling 

When handling uranium and arsenic chemicals, personal protective equipment must be worn at 

all times and any contact with skin, eyes, and clothing must be avoided. All arsenic and uranium 

solutions must be sealed and stored under a fume hood. Inhalation and ingestion must also be 

avoided. 

 3.2 Personal Protective Equipment 

The personal protective equipment that must be worn while conducting lab work includes lab 

coats and gloves for hand and body protection, and goggles for eye protection. If the student 

already wears eye glasses for vision correction, there are eye goggles meant to be worn over 

prescription glasses available in the lab. Additionally, closed toed shoes must be worn at all 

times and individuals with long hair must tie their hair back. 

 3.3 Labeling  

All solutions must be clearly labeled with the concentration of the chemical, the date the 

solution was created, and the name of the team. All of the samples that will be used throughout 

the adsorption testing must be clearly labeled with the concentrations of the chemical, the 

adsorbate, mass of adsorbate, particle size of adsorbate, and the name of the team. 

 3.4 Accidents 

Should a spill of any uranium or arsenic solution occur, it should be absorbed with a liquid-

binding material. The material should then be disposed of by the methods set by the Northern 

Arizona University’s Environmental Health and Safety program (see section 3.6). 

If eye contact with any uranium or arsenic occurs, rinse opened eyes at the eye wash station for 

at least 15 minutes. If skin contact with any uranium or arsenic occurs, wash skin with plenty of 

soap and water, rinsing thoroughly, for at least 15 minutes. If inhalation of any uranium or 

arsenic occurs, the individual should move to fresh air immediately. If there is difficulty 

breathing, do not conduct mouth-to-mouth resuscitation, instead seek immediate medical 

attention.  If ingestion of any uranium or arsenic occurs, do not induce vomiting and seek 

immediate medical attention. 

3.5 Laboratory Training  

There is required laboratory training that must be completed prior to working in the lab. In 

order to be able to work in the lab, each individual must have completed the Chemical Hygiene 

and Field Safety Training setup through Northern Arizona University’s Environmental Health and 

Safety program. Certifications of training completion for each team member can be found in 

Appendix B. 



 

3.6 Waste Disposal 

The waste disposal methods are dependent on the Northern Arizona University’s Environmental 

Health and Safety program. Decisions on how to properly dispose of the wastewater will be 

based upon the concentrations and volumes of uranium and arsenic that will be used 

throughout the lab. 

4.0 Material Safety Data Sheets 

The Material Safety Data Sheets (MSDS) for the arsenic and uranium standards can be found in the 

MSDS binders at the Right-To-Know station located in the north section of Room 245.  

5.0 Appendices 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

5.1 Appendix A: Contract 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

5.2 Appendix B: Lab Training Certifications 
 

Hussain Alkandari: 
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Makenzi Beltran: 

 

 

 

 

 

 

 

 

 

Jiahao Zhang: 

 

 

 
 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Appendix B: Dry Sieve Analysis Method 

 

 

 

 

 

 

 

 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Appendix C: Isotherm Model Data 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Material Mass Ce Co Co-Ce q 1/q 1/Ce log q log Ce 

  g mg/L mg/L mg/L mg/g g/mg L/mg mg/g mg/L 

OP 0.05 75.78 96.58 20.80 41.60 0.024 0.0132 1.62 1.88 

OP 0.05 74.70 96.58 21.88 43.76 0.023 0.0134 1.64 1.87 

OP 0.05 76.75 96.58 19.83 39.66 0.025 0.0130 1.60 1.89 

OP 0.1 63.18 96.58 33.40 33.40 0.030 0.0158 1.52 1.80 

OP 0.1 60.66 96.58 35.92 35.92 0.028 0.0165 1.56 1.78 

OP 0.1 64.67 96.58 31.91 31.91 0.031 0.0155 1.50 1.81 

OP 0.15 92.84 96.58 3.74 2.50         

OP 0.15 84.97 96.58 11.61 7.74 0.129 0.0118 0.89 1.93 

OP 0.15 78.01 96.58 18.57 12.38 0.081 0.0128 1.09 1.89 

OP 0.25 68.75 96.58 27.83 11.13 0.090 0.0145 1.05 1.84 

OP 0.25 66.05 96.58 30.53 12.21 0.082 0.0151 1.09 1.82 

OP 0.25 62.62 96.58 33.96 13.59 0.074 0.0160 1.13 1.80 

OP 0.35 58.97 96.58 37.61 10.75 0.093 0.0170 1.03 1.77 

OP 0.35 58.08 96.58 38.50 11.00 0.091 0.0172 1.04 1.76 

OP 0.35 60.35 96.58 36.23 10.35 0.097 0.0166 1.02 1.78 

OP 0.4 67.15 96.58 29.43 7.36 0.136 0.0149 0.87 1.83 

OP 0.4 54.96 96.58 41.62 10.41 0.096 0.0182 1.02 1.74 

OP 0.4 54.49 96.58 42.09 10.52 0.095 0.0184 1.02 1.74 

OP 0.45 53.68 96.58 42.90 9.53 0.105 0.0186 0.98 1.73 

OP 0.45 57.63 96.58 38.95 8.66 0.116 0.0174 0.94 1.76 

OP 0.45 49.95 96.58 46.63 10.36 0.097 0.0200 1.02 1.70 

OP 0.5 51.98 96.58 44.60 8.92 0.112 0.0192 0.95 1.72 

OP 0.5 46.11 96.58 50.47 10.09 0.099 0.0217 1.00 1.66 

OP 0.5 53.76 96.58 42.82 8.56 0.117 0.0186 0.93 1.73 

OP 0.6 45.65 96.58 50.93 8.49 0.118 0.0219 0.93 1.66 

OP 0.6 45.40 96.58 51.18 8.53 0.117 0.0220 0.93 1.66 

OP 0.6 42.12 96.58 54.46 9.08 0.110 0.0237 0.96 1.62 

OP 0.75 34.43 96.58 62.15 8.29 0.121 0.0290 0.92 1.54 

OP 0.75 36.50 96.58 60.08 8.01 0.125 0.0274 0.90 1.56 

OP 0.75 37.80 96.58 58.78 7.84 0.128 0.0265 0.89 1.58 

OP 0.9 29.46 96.58 67.12 7.46 0.134 0.0339 0.87 1.47 

OP 0.9 31.19 96.58 65.39 7.27 0.138 0.0321 0.86 1.49 

OP 0.9 28.37 96.58 68.21 7.58 0.132 0.0352 0.88 1.45 

OP 1 28.25 96.58 68.33 6.83 0.146 0.0354 0.83 1.45 

OP 1 27.85 96.58 68.73 6.87 0.146 0.0359 0.84 1.44 

OP 1 24.73 96.58 71.85 7.19 0.139 0.0404 0.86 1.39 

OP 1.5 17.87 96.58 78.71 5.25 0.191 0.0560 0.72 1.25 

OP 1.5 19.51 96.58 77.07 5.14 0.195 0.0512 0.71 1.29 

OP 1.5 19.63 96.58 76.95 5.13 0.195 0.0509 0.71 1.29 



 

OP 2 15.22 96.58 81.36 4.07 0.246 0.0657 0.61 1.18 

OP 2 17.15 96.58 79.43 3.97 0.252 0.0583 0.60 1.23 

OP 2 14.76 96.58 81.82 4.09 0.244 0.0678 0.61 1.17 

OP 3 16.25 96.58 80.33 2.68 0.373 0.0615 0.43 1.21 

OP 3 14.25 96.58 82.33 2.74 0.364 0.0702 0.44 1.15 

OP 3 16.04 96.58 80.54 2.68 0.373 0.0623 0.43 1.21 

ZVI 
Filings 0.01 9.01 10.172 1.16 11.60 0.086 0.111 1.06 0.955 

ZVI 
Filings 0.01 8.51 10.172 1.66 16.63 0.060 0.118 1.22 0.930 

ZVI 
Filings 0.01 7.88 10.172 2.30 22.97 0.044 0.127 1.36 0.896 

ZVI 
Filings 0.02 7.67 10.172 2.50 12.50 0.080 0.130 1.10 0.885 

ZVI 
Filings 0.02 7.88 10.172 2.29 11.46 0.087 0.127 1.06 0.897 

ZVI 
Filings 0.02 8.53 10.172 1.65 8.23 0.122 0.117 0.92 0.931 

ZVI 
Filings 0.03 6.99 10.172 3.18 10.59 0.094 0.143 1.02 0.845 

ZVI 
Filings 0.03 6.25 10.172 3.92 13.08 0.076 0.160 1.12 0.796 

ZVI 
Filings 0.03 5.62 10.172 4.56 15.19 0.066 0.178 1.18 0.749 

ZVI 
Filings 0.04 3.20 10.172 6.97 17.43 0.057 0.313 1.24 0.505 

ZVI 
Filings 0.04 6.36 10.172 3.81 9.53 0.105 0.157 0.98 0.803 

ZVI 
Filings 0.04 7.45 10.172 2.72 6.81 0.147 0.134 0.83 0.872 

ZVI 
Filings 0.05 5.32 10.172 4.85 9.70 0.103 0.188 0.99 0.726 

ZVI 
Filings 0.05 5.88 10.172 4.29 8.58 0.117 0.170 0.93 0.770 

ZVI 
Filings 0.05 5.54 10.172 4.63 9.26 0.108 0.180 0.97 0.744 

ZVI 
Filings 0.06 3.66 10.172 6.51 10.85 0.092 0.273 1.04 0.564 

ZVI 
Filings 0.06 4.66 10.172 5.51 9.19 0.109 0.215 0.96 0.668 

ZVI 
Filings 0.06 4.73 10.172 5.44 9.07 0.110 0.211 0.96 0.675 

ZVI 
Filings 0.07 3.43 10.172 6.74 9.63 0.104 0.292 0.98 0.535 

ZVI 
Filings 0.07 3.94 10.172 6.23 8.90 0.112 0.254 0.95 0.596 



 

ZVI 
Filings 0.07 2.36 10.172 7.81 11.16 0.090 0.424 1.05 0.373 

ZVI 
Filings 0.075 2.68 10.172 7.49 9.99 0.100 0.373 1.00 0.429 

ZVI 
Filings 0.075 2.02 10.172 8.15 10.86 0.092 0.494 1.04 0.306 

ZVI 
Filings 0.075 2.01 10.172 8.16 10.89 0.092 0.498 1.04 0.303 

ZVI 
Filings 0.08 1.43 10.172 8.74 10.93 0.092 0.699 1.04 0.155 

ZVI 
Filings 0.08 3.50 10.172 6.67 8.34 0.120 0.286 0.92 0.544 

ZVI 
Filings 0.08 1.74 10.172 8.43 10.54 0.095 0.574 1.02 0.241 

ZVI 
Filings 0.085 0.35 10.172 9.83 11.56 0.087 2.884 1.06 -0.460 

ZVI 
Filings 0.085 0.74 10.172 9.43 11.10 0.090 1.353 1.05 -0.131 

ZVI 
Filings 0.085 1.51 10.172 8.66 10.19 0.098 0.663 1.01 0.178 

ZVI 
Filings 0.09 0.70 10.172 9.47 10.52 0.095 1.426 1.02 -0.154 

ZVI 
Filings 0.09 1.81 10.172 8.36 9.29 0.108 0.552 0.97 0.258 

ZVI 
Filings 0.09 0.55 10.172 9.62 10.69 0.094 1.821 1.03 -0.260 

ZVI 
Filings 0.095 0.53 10.172 9.65 10.15 0.098 1.900 1.01 -0.279 

ZVI 
Filings 0.095 0.77 10.172 9.40 9.90 0.101 1.301 1.00 -0.114 

ZVI 
Filings 0.1 1.32 10.172 8.86 8.86 0.113 0.759 0.95 0.120 

ZVI 
Filings 0.1 1.94 10.172 8.23 8.23 0.122 0.514 0.92 0.289 

ZVI 
Filings 0.1 1.53 10.172 8.64 8.64 0.116 0.653 0.94 0.185 

ZVI 
Filings 0.15 0.24 10.172 9.94 6.62 0.151 4.223 0.82 -0.626 

ZVI 
Filings 0.15 2.23 10.172 7.94 5.30 0.189 0.449 0.72 0.348 

ZVI 
Filings 0.15 0.33 10.172 9.84 6.56 0.152 3.007 0.82 -0.478 

ZVI 
Filings 0.2 0.26 10.172 9.91 4.95 0.202 3.776 0.69 -0.577 

ZVI 
Filings 0.2 0.32 10.172 9.85 4.93 0.203 3.112 0.69 -0.493 



 

ZVI 
Filings 0.2 0.20 10.172 9.97 4.99 0.201 5.004 0.70 -0.699 

ZVI 
Filings 0.25 0.23 10.172 9.94 3.97 0.252 4.263 0.60 -0.630 

ZVI 
Filings 0.25 0.10 10.172 10.07 4.03 0.248 9.734 0.61 -0.988 

ZVI 
Filings 0.25 0.23 10.172 9.94 3.98 0.252 4.301 0.60 -0.634 

ZVI 
Filings 0.3 0.17 10.172 10.01 3.34 0.300 6.006 0.52 -0.779 

ZVI 
Filings 0.3 0.16 10.172 10.02 3.34 0.300 6.397 0.52 -0.806 

ZVI 
Filings 0.3 0.16 10.172 10.01 3.34 0.300 6.334 0.52 -0.802 
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