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Two hundred fifty people die every hour from illnesses 

caused by microbiologically contaminated water  

(Lea, 2008, p. 1). In spite of the overwhelming  

implications of this global crisis, an affordable, in-home 

bioremediation system has been developed: the  

biological sand filter (Figure 1). Not only has the  

biological sand filter proved itself exceptionally  

effective, but it also boasts a user-friendly and easily 

maintainable design, made up of materials that are  

readily accessible to individuals in developing countries 

and all around the world.  

 

Because the biological sand filter is so effective and  

easily attainable, it makes sense that research efforts 

would be best spent improving upon its current design 

and efficiency. Historical records that date back as far as 

2000 BC note the use of copper for removing  

microbiological matter from water  

(Borkow and Gabbay, 2009, p. 1), much like the purpose 

of the biological sand filter today. Copper is a naturally occurring biocide, which means 

that its ions can destroy harmful organisms that might be alive in drinking water.  

Therefore, one might conclude that biological sand filters working in partnership with the 

natural biocidal properties of copper are very likely to prove even more effective than 

they currently are today. However, this combination presents a problem. 

 

The schmutzdecke, or biological layer of a biological sand filter, is undoubtedly the most 

important layer in the filter. This layer naturally forms within a few weeks of the  

construction of a biological sand filter. Essentially, microbes in the schmutzdecke break 

down pathogens that enter the filter before the water is passed through the filter media. 

Copper’s natural biocidal properties will kill these microbes upon contact. Therefore, it is 

essential that the copper is mixed in with the filter media so that it will not come in  

contact with the microbes in the biological layer. Though copper is commonly considered 

insoluble, copper ions do leach into water through corrosion, which presents the  

biological sand filter and copper partnership with a critical question of diffusion time. In 

order to determine the safest position of copper placement in the filter media, the  

diffusion coefficient of copper through the filter media must be found. Thus, Dr. Laura 

Lackey, Associate Dean of Mercer’s School of Engineering, requested the design and  

implementation of an apparatus for determining the effective diffusion of copper through 

sand filter media. 

Specifications for the construction of the apparatus and its appropriate use were outlined 

by the client Dr. Laura Lackey: 

 

 Dimensions of entire apparatus body shall not exceed 1 foot × 1 foot × 3 feet. 

 Construction of the apparatus shall cost no more than three hundred dollars. 

 Apparatus shall be effectively operated under standard temperature and pressure  

conditions. 

 Apparatus shall read conductivity at different heights throughout media column. 

 Electrical conductivity probes shall remain permanently fixed on column during  

testing. 

 Apparatus shall remain stationary for duration of testing sequence. 

 Microcontroller shall interpret probe readings and return effective diffusion  

coefficient. 

 User-friendly interface shall display organized microcontroller calculations. 

 

In addition to the project specifications, a number of feasibility criteria were developed 

by the team members.  These criteria were outlined to eliminate potential design  

alternatives that would not fully satisfy the needs of the client and other potential users: 

 

 Apparatus must return effective diffusion coefficient of metallic biocide with known 

concentration versus conductivity relationship. 

 Height of apparatus column must host five electrical conductivity probes. 

 Height of the column must host media height similar to media height in a biosand  

filter. 

 Electrical conductivity readings must be adjusted for standard temperature of 25° C. 

 Apparatus must be portable in between testing sequences. 

 Effective diffusion must be calculated vertically through the column.  

 Electrical conductivity probes should not contribute to the conductivity measured 

throughout the column. 

Figure 1. Biosand Filter Cross-section 

http://www.sswm.info/category/implementation-

tools/water-purification/hardware/point-use-

water-treatment/bio-sand-filtrat 
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Figure 4. Arduino Code Flow Chart 

Figure 5. Epoxied plug 

Figure 6. Metal 

wire connectors 

Figure 7. Finished  

electroconductivity probes 

Figure 8. Effective Diffusion Coefficient Apparatus 

As planned, 5 holes were drilled 

vertically along the side of the 

polypropylene graduated cylinder 

(Figure 2). After the 5, 37/64 inch 

holes were drilled, each hole was 

tapped with a 3/8 inch – 18 NPT 

tap to accommodate a 3/8 inch 

NPT HDPE plug that would be 

constructed into an  

electroconductivity probe. The  

inside and outside of the column 

were then sprayed with a common 

household degreaser available to 

the team in Mercer’s  

Environmental Engineering  

Laboratory. The column was left 

to sit in a hot, soapy, tap water 

mixture for a few hours before  

being rinsed of with deionized 

(DI) water collected from the environmental engineering lab. This  

extensive cleansing process was performed in hopes of eliminating any  

substances that might contribute to the conductivity readings taken  

during the testing of the completed apparatus. The column was left to 

dry until the probes were connected. 

The circuit board was constructed so that one multiplexer served the  

input wires of the electroconductivity probes and one multiplexer 

served the output wires of the electroconductivity probes. These  

multiplexers’ selector bits were plugged into the Arduino and were  

triggered digitally as each probe was needed for taking EC readings. A 

1-wire waterproof, digital temperature sensor was also included in the 

design to account for the temperature factor in electroconductivity  

readings. Finally, a button was hooked up to the Arduino to grant the 

apparatus user the ability to take readings on demand. The circuit  

schematic is depicted in Figure 3. All results that are outputted by the 

Arduino are then stored into a text file using the RXTX Library in  

Java. This library communicates with the Arduino via a serial  

connection. The baud rate of the Java file was set to the same baud rate 

and com port as the Ardunio (9600 default). 

Arduino was programmed , as depicted by the flow chart (Figure 4) to work 

with an EC Shield. This shield uses a 555 integrated circuit to generate an 

output frequency based on the resistance of each end of an EC probe.  

Solutions with high electroconductivity generate larger frequencies than  

solutions of low electroconductivity. Sample code that came with the  

documentation of the EC shield was utilized to program the Arduino to read 

electroconductivity. This code was initially created to take readings from a 

single probe, but was further manipulated to take readings from five probes. 

On startup, the program initializes base values of concentration at each 

probe. Then, every 5 minutes, the program calculates the point 

source concentration in the column (located at probe 5). Once the point 

source concentration is found to be greater than zero, the program begins 

taking readings every 30 minutes, rather than every 5 minutes. At this phase 

in the code progression, the Arduino begins checking all readings against 

specified conditions. Effective diffusion coefficients are calculated when 

these sets of conditions are met. A button was also incorporated into the  

design that allows EC readings to be taken on demand.  
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The results of the tests performed to ensure the quality and functionality of the  

apparatus are detailed in Table 1. If this design (Figure 8) is to be reconstructed, the 

team should make sure that the DI water solution used to make the electroconductivity 

versus absorbance relationship is actually saturated with copper. The relationships  

created between electroconductivity and absorbance are likely to display higher linear 

regression values, which will help to make the apparatus probe readings more accurate. 

After talking with the manufacturer of the EC shield, the group also recommends using 

higher quality materials such as platinum for the probes. Platinum rods are also likely 

to make the EC readings more accurate than the current readings taken from steel rods. 

With a larger budget, the next design team might consider utilizing an individual  

Arduino and EC shield for each probe. Since multiplexers are integrated circuits, they 

are very sensitive to temperature. Any change in temperature can potentially change 

the behavior of these circuits and alter their outputs; consequently, the output  

frequencies that are interpreted by the Arduino to determine electroconductivity are  

affected. Eliminating the use of the multiplexers altogether would reduce the amount 

of error accounted for in the effective diffusion calculations. 

Figure 2. Graduated Cylinder Drawing 

Figure 3. Circuit Schematic 

Table 1. Tests Performed   

Test Objective Outcome 

Multiplexer Port  Ensured multiplexers were functional Passed 

Wire Connection  Ensured electrical connections were good Passed 

Multiplexer Noise Ensured noise would not affect readings Passed  

Arduino Code 
Confirmed all calculations and conditions were  

uploaded to microcontroller correctly  
Passed 

Column Construction 

Circuit Construction 

Arduino Programming 

Two 0.63 inch holes were drilled 1/4 inch apart in the center of each 

plug. Ten stainless steel rods were cut to a size of 1-1/4 inch in length 

and two rods were inserted into the two holes in each 3/8 inch NPT 

HDPE plug. Each rod was positioned so that approximately 1/4 inch 

protruded from the outside of its respective plug. Marine Epoxy was 

poured into each plug to secure the rods in place (Figure 5). After the 

epoxy was given appropriate time to dry, each of the two rods secured 

in each plug were connected to 22 AWG insulated wire with a metal 

wire connector (Figure 6). Ends of the ten wire pieces connected to the 

breadboard were twisted tightly together with the pliers as well. These 

ends were then connected to the circuit. The finished probe design can 

be seen in Figure 7. A series of experiments were then run to create a 

copper concentration versus electroconductivity curve for each probe. 

EC Probe Design  


