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1. Please turn off your microphone

2. Questions: During lecture please use chat. 

After lecture you can unmute and ask.

Very application-specific questions may be better 

answered in a private session afterwards.

You will get access to all the presentations as PDF´s + 

recordings shortly after the workshop.

A few rules before we get started



Wednesday 23 February  

14:30-15:30 CET - Introduction to Microsensors 

15:45-16:45 CET - Lab-based Studies

Thursday 24 February 

14:30-15:30 CET - Field Studies

15:45-16:30 CET - Demonstration of Field Microprofiling System

16:45-17:30 CET - Demonstration of Activity Calculation - Software

Online Biogeochemistry Workshop



Calculation of production and 
consumption rates from 
microprofiles 

Based on the method from: 

Berg, P., N. Risgaard-Petersen, and S. 
Rysgaard. 1998. Interpretation of 
measured concentration profiles in 
sediment pore water. Limnol. 
Oceanogr. 43: 1500–1510.

Profile analysis 



Demonstration profiles installed with 
SensorTrace Suite

• ProfilingDemo.upro – Read only

• \Documents\Unisense Data\Demo Experiments

• Profiling application note
• Unisense.com

Demo profiles 



Calculation of production 
and consumption rates 
from microprofiles 

Profile analysis 

Production rate (nmol cm-3 s-1)
1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5 -2.0

Concentration (µmol/l)

Select profile, depth range 

and boundary conditions

Specify diffusion coefficient 

and porosity

Output with rates and 

statistic parameters

O2 production

O2 consumption

Fitted profile



Microprofiles - Theory

Qualitative information from profiles
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Concentration (Y) Consumption rate
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1. Straight line: No net consumption or production – only 

diffusional transport.

2

2. Concave: Net production (e.g. O2 production by photosynthesis, 

H2S production by sulphate reduction)

3

3. Convex: Net consumption (e.g. Respiration, oxidation of 

reduced compounds)
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Example:

Biofilm with 

O2 production 

in top layer, O2

consumption 

below



1-dimensional system – Steady state

Microprofiles - Theory

Quantitative Information from 
microprofiles 

1. C(x) - Concentration:  Penetration 
depth, overlapping zones

𝐽𝐽𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = −𝐷𝐷𝑊𝑊𝑑𝑑𝑑𝑑(𝑥𝑥)𝑑𝑑𝑥𝑥
𝐽𝐽𝑠𝑠𝑤𝑤𝑠𝑠 = −𝜙𝜙 𝑥𝑥 𝐷𝐷𝑠𝑠(𝑥𝑥)𝑑𝑑𝑑𝑑(𝑥𝑥)𝑑𝑑𝑥𝑥

2. dC(x)/dx – Flux: Into sediment, 

within sediment

Dw =  Diffusion coefficient in water

ϕ(x) =  Porosity

Ds(x) =  Diffusivity

Ds(x) =  Dw × ϕ(x) (simplest form)



Tortuosity

Longer diffusion path

Ds (x) = Dw × Porosity

Diffusion in pure water and sediment

Pure water

100% space for diffusion

Random movement

Porosity

Example: 

Porosity = 0.8   =>

80% space for diffusion

𝐽𝐽𝑤𝑤 = −𝐷𝐷𝑊𝑊𝑑𝑑𝑑𝑑 𝑥𝑥𝑑𝑑𝑥𝑥 𝐽𝐽𝑠𝑠𝑤𝑤𝑠𝑠 = −𝜙𝜙 𝑥𝑥 𝐷𝐷𝑠𝑠 𝑥𝑥 𝑑𝑑𝑑𝑑 𝑥𝑥𝑑𝑑𝑥𝑥



1-dimensional system – Steady state

Microprofiles - Theory

Quantitative Information from 
microprofiles 

1. C(x) - Concentration:  Penetration 
depth, overlapping zones

𝐽𝐽𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = −𝐷𝐷𝑊𝑊𝑑𝑑𝑑𝑑(𝑥𝑥)𝑑𝑑𝑥𝑥
𝐽𝐽𝑠𝑠𝑤𝑤𝑠𝑠 = −𝜙𝜙 𝑥𝑥 𝐷𝐷𝑠𝑠(𝑥𝑥)𝑑𝑑𝑑𝑑(𝑥𝑥)𝑑𝑑𝑥𝑥

2. dC(x)/dx – Flux: Into sediment, 

within sediment

3. d2C(x)/dx2 – Production and 

consumption: Activity distribution 

within the sediment

Dw =  Diffusion coefficient in water

ϕ(x) =  Porosity

Ds(x) =  Diffusivity

Ds(x) =  Dw × ϕ(x) (simplest form)
Calculated consumption rate

𝑁𝑁𝑁𝑁𝑁𝑁 𝑂𝑂2 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐.= 𝜙𝜙 𝑥𝑥 𝐷𝐷𝑠𝑠(𝑥𝑥)𝑑𝑑2𝑑𝑑(𝑥𝑥)𝑑𝑑2𝑥𝑥



Microprofiles from different instruments

Lab Microprofiling System Field Microprofiling System In situ Microprofiling System

SensorTrace Profiling will record or import 

profiles from all system for analysis

Lab conditions Down to 10 m water depth Down to 6000 m water depth



Find the sediment surface 

Stereo microscope while measuring



Find the sediment surface

Locate surface after measuring



Setting depth interval and boundary conditions



• Enter the diffusion 
coefficient for O2 in 
water

• Depends on salinity and 
temperature 

• As many depth intervals 
as you like

Diffusion coefficient



• How should diffusivity be calculated? 

Sediment diffusivity 

Compact mud, low porosity

Fine sand/mud with high porosity, biofilm 

Porosity measurement
• Core sediment slicing e.g. every 5 mm

• Weight loss after drying / specific density water 

All kinds of sediments

Now a demonstration of the software

ProfilingDemo.upro – Profile 6.1



Result – Statistics  

• Choose the right number of zones:

• P: Did adding this zone improve the fit (P < 0.05) 

• SSE: Sum of squared errors

• SSE and P-value should be as small as possible.

• Look at the results and use common sense 



Result – Avoid obvious errors

• Production or consumption in zones where it is 

not possible

• Analysis too deep into the anoxic zone

• Maximum number of zones too high



Results – Number of zones
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Other solutes than O2

Boundary conditions

Bottom conc. = 0

Bottom flux = 0

Boundary conditions

Top conc. = 0

Top flux = 0



• Boundary conditions

• Depth interval

• The oxygen diffusion rate - e.g. by changing the temperature and 
salinity

• Change the formula for the Ds calculation

• Porosity

Play arround



Export data



SensorTrace Profiling – Activity calculations

• Calculate fluxes, consumption and production rates from high resolution 
concentration profiles.

• Fick’s first and second law. 

• Diffusivity and boundary conditions must be defined

• Use a stepwise optimization using the model-line and statistical values 

Summary



Time for questions !

Unisense Microsensor Academy: 
https://www.unisense.com/support/knowledge

Contact us: sales@unisense.com

https://www.unisense.com/support/knowledge
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