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Problem Statement

● Our client requires an apparatus that can culture and observe the bacteria 
in the sand/on the plant roots.

● Main issues on the current device:
○ Hard to load culturing media, sand and bacteria
○ Hard to extract the samples

● Device designed
○ Multiple Pores
○ Detachable Structure



Background Material
The client’s lab needs a device that 
can investigate the interaction of 
multiple bacteria with sand and plant 
root. [5] They currently have a 
prototype as shown on these photos. 

Structures:

● Glass Base
● PDMS layer
● Culturing liquid/bacteria/plant 

inlet Dimensions: 68mm*44mm*6mm PDMS layer
3mm depth PDMS chamber
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Product Design Specifications
Client Requirements:

● Apparatus size within 5-7cm x 6-9cm x 1-2cm 

● Material oxygen permeable and chamber depth within 3mm

● Inner chamber for root growth and interaction between roots or sand and bacteria

● Include two inlet for bacteria 1 mm diameter and one plant seed hole 2mm 

diameter 

● Detachable structure to simplify the loading and extraction process

● Reusability is favorable to lower experiment costs



Product Design Specifications
Design Requirements:

● Bottom layer clear to allow microscopy, above 90% transmittance[4].

● Must be able to hold liquid media, or a mix of liquid media and sand. 
● Should use biological inert material such as PDMS[1], polystyrene[2][3] 
● Inlet and outlet holes on the top of the chamber to allow loading of 

bacteria. 
● Needs a set of holes along the chamber to enable extraction of bacteria 

samples. 



Design #1 Lego

● One hole for seed and two for 
bacteria

● All made of PDMS
● Connected parts can seal 

perfectly



Design #2 Match Box

● Main box made by PDMS
● Platform is made by polystyrene with glass slide as the bottom
● One inlet hole for seed settlement with a diameter of 4 mm
● Two outlet holes for bacteria loading and air flow 
● Highly leakproof



Design #3 Sealed Jar
● Bottom glass slide 
● PDMS chamber
● There are two glass 

slide cut outs that 
match the chamber 
dimensions and extend 
out and clipped 
together with lid clips

● Holes for bacteria and 
seed



Design #4 Puzzle Piece

● Bottom section of device made 
of glass

● Top section made of PDMS
● Has hole for seed and two holes 

for bacteria addition
● Teeth on lid will slide into 

cutouts on bottom part to seal 
device 



Design #5 Modular
● Top cover and middle 

optional layer made of 
polystyrene

● Bottom chamber made of 
PDMS

● Middle optional layer used to 
increase chamber capacity if 
required

● One hole for seed, one hole 
for assisting airflow, and two 
holes for bacteria

● Easy to manufacture and 
operate

● Leakproof



Design Matrix



Conclusions/Future Work

● Design 4 scored the highest overall, however we need to modify it to make 
the height adjustable. 

● Our next steps are:

Assess all 
highest scored

designs

Combine to a final 
design

Fabrication of 
prototype

Testing 
Process

Lab test by 
client
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