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Table 1: Contaminants tested, WHO Maximum Contaminant Levels, common sources for each contaminant, and possible health effects. 

 WHO MCL Source Health Effect 
Free Chlorine 5 mg/L Water additive used to control microbes Eye/Nose Irritation, stomach discomfort 

Iron 0.3 mg/L Corrosion of steel and cast iron pipes Secondary Standard 

Copper 2 mg/L Household plumbing systems, hydrothermal veins, 
Porphyry copper deposits 

Gastrointestinal distress, liver and  
kidney damage 

Reactive   
Nitrogen 

50 mg/L Fertilizer runoff, leaky septic tanks, natural deposits Infants: Blue Baby Syndrome 

Lead 0.01 mg/L Household plumbing systems,  
Sedimentary Exhalative Deposits,  
Mississippi Valley Deposits,  
Volcanogenic Massive Sulfide Deposits 

Infants/Children: developmental delays 
Adults: kidney problems, high blood     
pressure  

Fluoride 1.5 mg/L Water additive, natural deposits, fertilizer and     
aluminum factory discharge, Apatite 

Bone disease, mottled teeth 

Chromium 0.05 mg/L Steel and pulp mill discharge, natural deposits Allergic dermatitis 
Phosphate N/A Fertilizer, steel production, pesticides, Apatite Kidney damage and osteoporosis 
Coliform 0 mg/L Naturally occurring in environment, fecal waste Indicates presence of other bacteria 

Viruses 0 mg/L Human and animal fecal waste Gastrointestinal Illness 

  

 

The World Health Organization (WHO) provides standards for drinking water quality. Maximum contaminant levels set by 
WHO must be met before water can be consumed from a regulated source. Unfortunately, not all water sources are regulated, and 
even those that are can still be contaminated. As a result, at-home point-of-entry activated carbon water filters have emerged and 
become popular. The main goal of this project was to compare three different activated carbon filters, sediment filter columns, and 
heating methods to determine which method was most effective at removing contaminants (lead, chromium, copper, fluoride, 
iodine, nitrate, nitrite, phosphate, chlorine, iron and nanoparticles), from water. 

Activated  carbon  filters  tested  included  Brita®,  Filtrete™,  and  Pur®  pitcher  filters.  These  filters  aim  to  remove  organic  
compounds, heavy metals, and chlorine. Sediment filters tested included clean clay, gravel, sand, and a mixture of the three. 
Temperatures tested for bacterial disinfection included 20°C, 40°C, 60°C, 80°C, and 100°C. Table 1 lists the contaminants tested 
along with their maximum contaminant levels designated by WHO. Figure 1 highlights areas throughout the world with high 
groundwater contamination levels of chromium, fluoride, lead, and copper. 
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Water samples for all chemicals were collected from either 
standard solutions or the laboratory faucet. Bacteria samples 
were collected from Fishing Creek, Milledgeville, Georgia.  

Heavy Metals, Chlorine, Nutrients, Nanoparticles (Viruses): 
Samples were tested using the HACH DR 5000 UV-VIS    
Spectrophotometer and the HACH DR/890 Portable             
Colorimeter. Lead was tested using the HACH LeadTrak Fast 
Column Extraction method.  

 

Bacteria: Samples collected were either run through filters or 
heated to 20°C, 40°C, 60°C, 80°C, and 100°C. Bacteria run 
through the filters were tested  using the HACH MEL/MF   
Portable Incubation Laboratory.  
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 HM Cl- nP  Fe NO3
+ NO2

- Fl- PO4
3-

   

Brita® 94 96 39 100.0 14 100 31 9 

Filtrete™ 89 97 89 100.0 6 0 15 29 

Pur® 91 100 88 -100 25 0 6 -69 

Clay 87 -23 39 -100 85 57 70 51 

Gravel 84 -13 35 -89 29 42 20 0 

Sand 86 66 38 -100 63 71 10 60 

Mix 89 50 43 -100 29 85 50 64 

Further testing, expanding the list of contaminants and filter types tested. 
Determine contaminant levels in groundwater at which filtration capability is reduced. 
Determine contaminant transport in groundwater. 
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 % Removed 

Pur® 100.0 
60°C 100.0 
80°C 100.0 
100°C 100.0 
Sand 95.8 
Mix 95.0 
Clay 91.1 
20°C 88.8 
Filtrete™ 74.0 
Brita® 66.7 
40°C 58.1 
Gravel 54.7 

 Brita® Filtrete™ Pur® Clay Gravel Sand Mix 
Free Chlorine ✔  ✔  ✔    ✔    
Iron ✔  ✔       
Copper ✔  ✔  ✔  ✔  ✔  ✔  ✔  
Nitrate ✔     ✔        
Nitrite ✔          ✔  
Lead ✔  ✔  ✔          
Fluoride             
Chromium ✔  ✔  ✔  ✔  ✔  ✔  ✔  
Phosphate           
Nanoparticles   ✔  ✔          
Bacteria     ✔  ✔    ✔  ✔  
TOTAL 7 6 6 4 2 4 4 

Figure 2: The filtration efficiency of activated carbon and sediment filters expressed as percent filtered. Negative percentages 
indicate an addition of contaminants during the filtration process. Negative percentages greater than 100% were reduced to 
100% for the purpose of this graph. Possible reasons for addition of contaminants include desorption and reactions. 

Table 2: Total filtration of heavy metals (HM), nutrients, and nanoparticles 
(nP) for activated carbon and sediment filtration methods. HM represent 
lead, copper and chromium. 

Table 3: Percent reduction of 
coliform forming units of 
bacteria for all methods, in-
cluding disinfection by    
heating.  

Table 4: Comparison of activated carbon and sediment filtration methods 
for removal of contaminants. Checked boxes indicate over 75%         
contaminant removal.  

Figure 3: The filtration efficiency of all filtration methods, including heating, expressed as percent removed. Temperatures 
above 60°C and Pur® removed 100% of the standard.  
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 The Brita® pitcher filter removed the greatest amount of heavy metals as well as    
having the greatest diversity (based on 75% removal) of the contaminants removed.  

Filtrete™  removed  the  most  iron  and  nanoparticles.   
Pur® removed the most free chlorine.  
Clay removed the most nitrate and fluoride.  
The sediment mixture removed the most phosphates.  
Heating water above 60°C killed the most bacteria. 

Figure 1: World map showing high levels of chromium, fluoride, lead, and copper in groundwater due to natural deposits and pollution. 
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