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Heavy metals and water 



Bacillus sphaericus 



Tunjuelito meets Bacillus sphaericus 



Let’s model this! 

• Single porosity model 
 
 

 
 
 

• Langmuir’s Isotherm 
 



Use of COMSOL Multiphysics 

• 2D 
• Mass transfer module 
• Chemical Species Transport / chpm 

 



Global parameters 

• Experimental: 
– Langmuir 
– Time for saturation 
– Density 
– Porosity 
– Initial concentrations 

• Literature:  
– Dm 
– E 
– Km 

 



Geometry 



Species transport in porous media 



Results 



Results II 

-5

0

5

10

15

20

25

30

35

0 500 1000 1500 2000 2500 3000 3500 4000

O
u

tf
lo

w
 c

h
ro

m
iu

m
 c

o
n

ce
n

tr
at

io
n

 (
m

g/
l)

 

Time (s) 

Lab results

Model

0

5

10

15

20

25

30

35

0 500 1000 1500 2000 2500 3000

O
u

tf
lo

w
 c

h
ro

m
iu

m
 c

o
n

ce
n

tr
at

io
n

 (
m

g/
l)

 

Time (s) 

Lab results

Model

0

5

10

15

20

25

30

35

0 200 400 600 800 1000 1200 1400 1600

O
u

tf
lo

w
 c

h
ro

m
iu

m
 c

o
n

ce
n

tr
at

io
n

 (
m

g/
l)

 

Time (s) 

Lab results

Model

0

5

10

15

20

25

30

0 200 400 600 800 1000

O
u

tf
lo

w
 c

h
ro

m
iu

m
 c

o
n

ce
n

tr
at

io
n

 (
m

g/
l)

 

Time (s) 

Lab results

Model



Results II 

-5

0

5

10

15

20

25

30

35

0 1000 2000 3000 4000

O
u

tf
lo

w
 c

h
ro

m
iu

m
 c

o
n

ce
n

tr
at

io
n

 
(m

g/
l)

 

Time (s) 

Lab results

Model

0

5

10

15

20

25

30

35

0 1000 2000 3000

O
u

tf
lo

w
 c

h
ro

m
iu

m
 c

o
n

ce
n

tr
at

io
n

 
(m

g/
l)

 

Time (s) 

Lab results

Model

0

5

10

15

20

25

30

35

0 500 1000 1500 2000

O
u

tf
lo

w
 c

h
ro

m
iu

m
 c

o
n

ce
n

tr
at

io
n

 
(m

g/
l)

 

Time (s) 

Lab results

Model

0

5

10

15

20

25

30

0 500 1000O
u

tf
lo

w
 c

h
ro

m
iu

m
 c

o
n

ce
n

tr
at

io
n

 
(m

g/
l)

 

Time (s) 

Lab results

Model



Conclusions 

• The model shows some really good preliminary results 
 

• 1-D analysis is a good option 
 

• Particle size has a greater effect than inflow speed 
 

• Relationship between surface area and diffusivity coefficient ? 
 

• Scale-up?  
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