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Project 
Background

White, 2

Contaminants
Arsenic (As): 1-2 mg/L
Nitrate (NO3

-): 25-40 mg/L

Sources of Contamination
Both sources occur naturally
As - agriculture & industrial activities
NO3

- - fertilizers, animal & plant waste

Health Effects
As - heightened cancer risk, pregnancy

complications
NO3

- - vascular collapse, Blue Baby Syndrome

Environmental Protection Agency Drinking Water 
Standards [3]

As : 0.01mg/L
NO3

-
 : 10 mg/L

Dr. Paul Gremillion [1]

 Dr. Terry Baxter [2]



Literature Reviews
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Conventional
Nitrate - Ion exchange with Chloride 
Arsenic - Oxidation 

Innovative
Nitrate -  Activated Alumina based

ion exchange 
Arsenic - ElectroChemical Arsenic

Remediation

Sustainable
Nitrate - Bio Film Reactor 
Arsenic - Phytoremediation using

Hyacinth roots

Sustainable
Nitrate - Permeable reactive barriers
Arsenic - Ceramic membrane filters

with metal oxides

Figure 1: Activated Alumina 3/16” [4]
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 Table 1. Decision matrix 

Decision Matrix
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Design Construction 

Figure 2: Kyle and Robert at The Farm [5] 

Figure 3: Lizzie and Camille at The Farm [5] 



Weiss, 6Figure 6: Valve apparatus [5]Figure 4: Design before stain [5] Figure 5: Design after stain [5]

Design Construction 



Water Contamination
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Solution Amount (L) Arsenic 
Pentoxide (mg)

Sodium 
Hydroxide (mg)

Sodium 
Nitrate (mg)

Combined 8.50 19.56 51.00 407.83

Arsenic 2.50 5.75 15.00 -

Nitrate 1.50 - - 71.97

Table 2: Water solutions created Figure 7: Water contamination chemicals [5]



Water Testing
1. Stagnant batch tests using 

graduated cylinder
2. Trials

a. 10 with mixed stock
b. 5 with arsenic stock
c. 4 with nitrate stock

3. Collected samples at 1, 5, 20, 
& 60 minutes

4. HACH test strips for arsenic 
tests 

5. Used new activated alumina 
every 5 trials for solutions 
containing arsenic

6. Used new activated alumina 
each trial for nitrate solution

7. In-lab nitrate testing
Tague, 8

Figure 8: Original testing design [5] Figure 9: Batch testing design [5]



Water Testing
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Figure 10: HACH Arsenic low range 

test kit [5]
Figure 11: HACH Nitrate method 

#8171 [5] 
Figure 12: Samples for

 Dr. Ketterer at MSUD Lab  [5] 



Arsenic Solution Results
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Initial Arsenic Concentration: 1.7 mg/L Arsenic Treatment Goal: 0.01 mg/L

Table 3. Arsenic solution results



Hoppe, 11Figure 13. % Removal Arsenic, Arsenic Solution 



Nitrate Solution Results
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Initial Nitrate Concentration: 35 mg/L Nitrate Treatment Goal: 10 mg/L

Table 4. Nitrate solution results



White, 13Figure 14. % Removal Nitrate, Nitrate Solution 



Combined Solution Results
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Initial Arsenic Concentration: 1.5 mg/L
Initial Nitrate Concentration: 35 mg/L

Arsenic Treatment Goal: 0.01 mg/L
Nitrate Treatment Goal: 10 mg/L

Table 5. Combined solution results



Hoppe, 15Figure 15. % Removal Arsenic, Combined Solution 



Hoppe, 16Figure 16. % Removal Nitrate, Combined Solution 



Recommendations

● Activated Alumina for Nitrate 
removal 

● Multi-unit treatment system 

● Further analysis 
○ Activated Alumina isotherm

White, 17

Figure 17: CRKL Engineering Team [5]



Project 
Management
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Table 6. Status schedule



Personnel Hours
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Task SENG ENG LAB INT AA

Research 20 15 18 20 10

Lab Preparation 8 9 10 3 20

Water Contamination 10 9 7 10 4

Model Construction 10 26 0 8 7

Modeling 20 32 110 40 20

Results Analysis 40 26 0 0 18

Total 108 117 145 81 79

Projected 112 152 144 140 160

Senior Engineer SENG

Engineer ENG

Lab Technician LAB

Engineering Intern INT

Administrative 
Assistant

AA

Total Expected Total Achieved

708 530

Table 9. Hours by position

Table 8. Total hours

Table 7. Personnel positions
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Project Cost
Table 10. Total project costs based on actual hours



Cost of Implementation
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Nitrate Arsenic Annual Totals

Activated Alumina 
Required (lbs) 11,455 455 11,910

Cost $16,955.00 $675.00 $35,260

Community Population 10,000 people

Average Water Consumption 60 gpd per person

Total Water Consumption 600,000 gpd

Table 11: Total water consumption

Table 12: Total system cost
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Supplementals - Water Contamination 
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Supplementals - Water Contamination 
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Supplementals: Pounds needed for treatment



Supplementals: Cost of Implementation
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● Average Arizona resident uses 100 gallons of water per day (gpd) [9]

○ Reduced average to 60 gpd

● Community of 10,000 people requires 600,000 gpd

● Assuming there is a pre-existing drinking water treatment plant

● Arsenic removal: 455.93 lbs of activated alumina at $674.77

● Nitrate removal: 11,455.52 lbs of activated alumina at $16,954.17

● Annual cost of $35,257.88

○ Purchase twice the required amount so the system can be run and 

material can be regenerated simultaneously


