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Antibiotic resistant bacteria are becoming more prevalent across the country not only in 
hospitals, but also in community settings like schools. These infections are often spread by 
common contact surfaces such as door handles and push plates. Copper has been suggested to 
have antimicrobial properties and has been suggested as a replacement surface for stainless steel. 
The purpose of this project was twofold: First, to determine if copper or brass could be used to 
limit bacterial growth on contact surfaces in public schools and secondly to determine the 
viability of bacteria on metal surfaces over time. It was hypothesized that: both the copper and 
brass would show antimicrobial properties, copper would be most effective of the three types of 
metal, and over 90% of the bacteria placed on the copper and brass plates would be killed within 
30 minutes of contact  

To conduct the study, stainless steel, brass, and copper plates were tested for bacteria 
after a 24-hour exposure time on the doors of the restrooms at several schools. Bacterial samples 
were collected from a 100 cm2 area on each plate for comparison. In addition, a known quantity 
of a common gram negative bacterium (E. coli) and a common gram positive bacterium (S. 
epidermidis)will be placed on each the different types of plates to determine the antimicrobial 
properties of the copper, brass, and stainless steel under controlled conditions over time.  

Based on this study, the following conclusion can be drawn. The hypothesis stating that 
both the copper and brass would show antimicrobial properties was accepted. The hypothesis 
stating that copper would be the most effective of the three metals was rejected; brass was 
comparable to copper’s effectiveness. The hypothesis stating that over 90% of the bacteria 
placed on the copper and brass plates would be killed within 30 minutes of contact was accepted; 
over 99% of the bacteria were killed within 30 min.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Background Information 

Antibiotic Resistance 

 For thousands of years many different species of bacteria have thrived on our planet. 

Their rapid multiplication, high mutation rate, and ability to add genes from other sources make 

bacteria tough survivors. These same factors also make bacteria that much harder for humans to 

control in the ever widening battle against illness. In the struggle to survive many bacteria have 

become resistant to commonly used antibiotics. They accomplish this by several methods 

including: barring the drug from entering the cell, using enzymes to inactivate the drug, pumping 

out the drug as soon as it enters, or changing the target of the drug. (Berkowitz, 2)  

 Recently, antibiotic resistant bacteria have become more prevalent for several reasons. 

First, in many different hospital units, such as intensive care, neonatal, oncology, etc. broad-

spectrum antibiotics are often administered to the patients. These patients are often very 

susceptible to infection and provide the perfect setting for bacteria to grow and develop 

resistance (Capriotti). Secondly, hospitals overall are generally under budgeted for the spread of 

in-hospital infections. A study performed on a group of 28 hospitals found that the average 

annual cost of healthcare-associated infections was $594,683 while the average budget for 

prevention was $129,000. (Anderson, 1) This leads to lax rules and procedures to prevent the 

spread of infection. Lastly, outside of hospitals there is little done to maintain good hygienic 

conditions. Public places like schools are breeding grounds for infection that can be easily 

transmitted to hundreds of students.      

Copper as an Antimicrobial 

 Copper is number 29 on the periodic table, one of the transition metals, and is one of the 

essential trace elements for humans. It has a reddish color and a high metallic sheen. Copper has 



been used for thousands of years by different cultures because of its many advantages. It is 

valued for its conductivity (second only to silver), malleability, ability to resist wear, and many 

other properties. (Weiner, 759) Copper also has many useful alloys such as brass. Brass is 

tougher than copper, resists corrosion better, and is cheaper than pure copper. Because of these 

properties brass is much more widely used throughout the world.  

 Ancient people used copper’s properties to disinfect water by running it through copper 

pipes (Michels, 1). Only recently has it been suggested as a modern antimicrobial agent. 

Copper’s potential as an antimicrobial agent has begun to attract the attention of both academia 

and industry. The results of some preliminary studies support copper’s proposed effectiveness 

against bacterial and viral infections. There is now a rush to conduct field studies to determine its 

effectiveness in “real world” settings.   

 

Question Posed: Can copper metal be used in a real world setting to inhibit the growth of 

bacteria on commonly used contact surfaces. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Purpose 

The purpose of this project was twofold:  

• To determine if copper or brass could be used to limit bacterial growth on contact 

surfaces in public schools. 

• To determine the viability of bacteria on metal surfaces over time. 

 

Hypothesis 

It was hypothesized that: 

• Both the copper and brass would show antimicrobial properties 

• Copper would be most effective of the three types of metal 

• Over 90% of the bacteria placed on the copper and brass plates would be killed within 30 

minutes of contact  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Experimental Design 
 

To conduct this study, the Copper Development Association was contacted, and they 

donated the copper and brass used in this study. Dr. Westenberg, professor of microbiology at 

the Missouri University of Science and Technology, was also contacted and asked to act as a 

qualified scientist. He critiqued the experimental design, allowed the use of his lab, and provided 

the bacterial cultures used in the study. In addition, all of the microbiological materials were 

provided by Dr. Westenberg. Principals and superindents of the three schools used in this study 

(Tuscumbia, Russellville, and Eldon) were then contacted asked for permission to conduct the 

study at their respective schools. 

Push plates into the restrooms were identified as one of the most used contact surfaces in 

the schools. These were stainless steel plates that many students touched each day and could be 

easily replaced and swabbed for bacteria. There were a total of nine doors with push plates 

available between the three schools for the study. 

This experiment was run over a three-day time period, in which each of the three types of 

metal (copper, brass, and stainless steel) had a 24-hour exposure period with each door tested. To 

insure there were no skews in data from sickness or infection by students, all of the surfaces were 

cycled randomly through the three-day period. Every morning a metal plate was placed on each 

of the restroom doors in the study. The plates were then disinfected with ethanol, and they were 

left on the door throughout the day. The custodial staff was instructed not to sanitize any of the 

doors for the duration of the study. The next morning (24 hours later) bacterial samples were 

collected, using a sterile swab, from a defined 100 cm2 area on each plate for comparison, and 

the swab was then placed into 1mL of a saline solution. (A plexiglass template was used to make 

sure the same area of the plates was swabbed each day.) After collection, the plate was then 



switched on the door and the process repeated until samples were collected from each type of 

metal on the doors. After all of the samples were collected, they were taken to the microbiology 

lab at the Missouri University of Science and Technology. 100 microliters of each of the samples 

was placed onto two agar petri plates. The plates were incubated at 37 degrees Celsius for 48 

hours, and the colonies were counted. 

In addition to the field aspect of the study, there was also a study conducted under 

controlled laboratory conditions with a known quantity of nonpathogenic bacterial samples. A 

common gram negative bacterium (Escherichia coli 25922) and a common gram positive 

bacterium (Staphylococcus epidermidis 12228) were used to test the antimicrobial effectiveness 

of each type of metal. A 105/mL solution of each bacterium was placed on a 100cm2 area of each 

the different types of metal and run in duplicate. Each type metal (stainless steel, brass, and 

copper) was tested for three time periods (30 min, 60 min, and 120 min). The bacteria was then 

collected using a sterile swab and placed into 1mL of a saline solution. 100 microliters of this 

solution was placed onto bacterial plate. The plates were incubated at 37 degrees Celsius for 48 

hours. Results were compared within groups and overall between the different types of surfaces.  

In addition, several controls were run to compare against the experimental groups. First, 

the two bacteria were tested on a plexiglass surface for two hours to determine the number of 

CFUs on a nonmetal surface. Secondly, 10 microliters of each of the two original bacterial 

solutions were plated to determine a base count for the two solutions. Lastly, a 100cm2 area of 

each type of metal was swabbed after cleaning to validate that the cleaning was sufficient.  

 

 

 



Data Table 
Bacteria on Surfaces Over Time 

         
   CFUs/mL  

   30 min  60 min  120 min  
         

S. epidermidis 
(Initial CFU/mL= 
26190)     

 Stainless Steel       
 1  4330  1450  410  
 2  7750  2020  360  
 Average  6040  1735  385  
         
 Brass        
 1  10  40  10  
 2  10  0  0  
 Average  10  20  5  
         
 Copper        
 1  90  0  0  
 2  0  0  20  
 Average  45  0  10  
         
 Plexiglass N/A  N/A  15280  
         
E. coli (Initial CFU/mL= 19410)      
 Stainless Steel       
 1  12730  4700  N/A*  
 2  11880  1430  2410  
 Average  12305  3065  2410  
         
 Brass        
 1  10  0  0  
 2  40  0  10  
 Average  25  0  5  
         
 Copper        
 1  10  10  70  
 2  0  0  10  
 Average  5  5  40  
         
 Plexiglass N/A  N/A  7780  
         
         
* Agar plate contaminated by large foreign bacteria     
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Sample 1 Sample 2 Average Sample 1 Sample 2 Average Sample 1 Sample 2 Average

Tuscumbia

Door 1 0 0 0 0 0 0 100 0 50
Door 2 0 0 0 0 30 15 0 0 0
Door 3 0 190 95 0 10 5 0 20 10
Door 4 200 100 150 0 40 20 0 10 5

Russellville

Door 1 500 60 280 100 0 50 0 30 15
Door 2 400 780 590 0 0 0 0 20 10
Door 3 400 2720 1560 100 20 60 0 10 5

Eldon

Door 1 400 40 220 200 0 100 0 0 0
Door 2 100 50 75 0 30 15 100 0 50

Totals

Total Bacteria 2000 3940 2970 400 130 265 200 90 145
Average per Plate 222 438 330 44 14 29 22 10 16

* CFU= Colony forming unit

Stainless Steel CopperBrass

Data Table
Bacterial Counts for Bathroom Push Plates (Trial One)

Area = 100 cm2

CFUs/mL CFUs/mLCFUs*/mL

Sample 1 Sample 2 Average Sample 1 Sample 2 Average Sample 1 Sample 2 Average

Tuscumbia

Door 1 70 90 80 20 0 10 0 10 5
Door 2 150 2730 1440 10 0 5 10 0 5
Door 3 210 280 245 30 0 15 0 0 0
Door 4 70 150 110 0 0 0 0 0 0

Russellville

Door 1 50 60 55 240 20 130 20 10 15
Door 2 170 210 190 0 0 0 0 10 5
Door 3 230 350 290 0 30 15 0 0 0

Eldon

Door 1 0 20 10 0 20 10 0 40 20
Door 2 70 20 45 0 20 10 0 0 0

Totals

Total Bacteria 1020 3910 2465 300 90 195 30 70 45
Average per Plate 113 434 274 33 10 22 3 8 5

* CFU= Colony forming unit

Stainless Steel CopperBrass

Data Table
Bacterial Counts for Bathroom Push Plates (Trial Two)

Area = 100 cm2

CFUs*/mL CFUs/mLCFUs/mL
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Statistics 

 Statistics were conducted using GraphPad QuickCalcs. An unpaired t-test was performed 

between the types of metals, which resulted in a two-tailed P value. Results were considered 

significant if p < 0.05. 

 

Stainless Steel and Brass    p= 0.0156* 

Stainless Steel and Copper     p= 0.0110* 

Brass and Copper     p= 0.1260 

 

 

* Indicates Statistical Significance 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Discussion of Results 

When running the study and comparing results several points of interest were noted: 

• Although each plate was swabbed thoroughly, when comparing the number of colonies 

on the plexiglass to the number of colonies straight from the bacterial solution, it was 

determined that the swabbing was picking up about 50% of the bacteria actually on the 

plate. 

• Not all schools had similar numbers of bacteria which could of have been caused by 

different student populations and age ranges.  

• When comparing the number of CFUs on the restroom plates, there was a large 

difference in the number of colonies between stainless steel, and the brass and copper.  

• When comparing the number of CFUs during the timed aspect, there was again a large 

difference in the number of colonies between stainless steel, and the brass and copper. 

• Under laboratory conditions the copper and brass showed a serious reduction in number 

of bacterial colonies after even thirty minutes.  

• Even though the stainless steel had a large number of colonies at thirty minutes, there was 

a reduction over time in the number of colonies. It would be good to determine the 

number of colonies after a longer period of time. It should be noted however, that 

although there was a reduction in the number of colonies, after two hours there were still 

hundreds of colonies on the plates. (On average it takes only 10-50 colonies to infect a 

human.) 

 
 
 
 
 



Conclusions 

• The hypothesis stating that both the copper and brass would show antimicrobial 

properties was accepted 

• The hypothesis stating that copper would be the most effective of the three metals 

was rejected, brass was comparable to copper’s effectiveness 

• The hypothesis stating that over 90% of the bacteria placed on the copper and brass 

plates would be killed within 30 minutes of contact was accepted, over 99% of the 

bacteria were killed within 30 min  

 

 

Future Studies 

As I stated earlier, research into the antimicrobial properties of copper has just begun 

within the last few years. Organizations like the Copper Development Association are very 

excited about my research. As of now there have only been laboratory studies preformed on 

copper. Although there is a study in progress in a hospital setting, there are no published field 

studies on copper’s antimicrobial activity. Therefore I would like to publish my research that I 

have conducted. To do this I would have to add more doors from schools of different population 

sizes to compare the results. In addition, I would like to change contact surfaces not only on 

restroom push plates, but also on other commonly used surfaces in public areas such as: water 

fountains, cafeteria surfaces, staplers, etc. 
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