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Calculation - Software
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A few rules before we get started

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. UNISENSE



Online Biogeochemistry Workshop

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
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Profile analysis

Calculation of production and

| Setmegs ans Amalpiis

consumption rates from fpme

Profits 4.1

microprofiles g o

hrar

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.

immcl. Oreanage., 43(7), 1995, 1500-1510
£ 1958, by the American Society of Limaology and Oceanagraphy. Ing. -
ETLe

Interpretation of measured concentration profiles in sediment pore water

FPeter Berg'
Department of Environmental Sciences, University of Virginia, Charlottesville, Virginia 22903

Nils Risgaard-Petersen

Institute of Biological Science, Department of Microbial Ecology, University of Aarhus, Ny Munkegade, Bldg. 540, DK-
R00O Aarhus C, Denmark: and National Environmental Research Tnstitute, Department of Lake and Estuarine Ecology,
Vejlsavej 25, DK-8600 Silkeborg, Denmark

Soren Rysgaard
National Environmental Research Institute, Department of Lake and Estuarine Ccology, Vejlosovej 25, DK-B600 Sikeborg,
Denmark

Abstract
A robust numerical procedure for biogeochemical inferpretation and analysis of measured concentration profiles
of solutes in sediment pore water has been developed. A ing that the ion-depth profile represents a
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Demo profiles

i = [m]
& 1new message x  +

& = C @ unisensecom/applicat d profiling-analysis/

Demonstration profiles installed with Lo e Ty )
S e n S 0 rTr a C e S u it e UNISENSE Products vSuppert v Aboutus v Ordernow v Stories Q Search & English ";‘77?'»1’“— tus — |

%, Need help? Call +45 8944 9500

aw A @

@ owa @ DMI-Vikiund & RainViewer » Cther bookmarks Reading |

Home > Application Notes » Sediment Profiling Analysis

* ProfilingDemo.upro— Read only

* \Documents\Unisense Data\Demo Experiments

* Profiling application note

[EQNSUMRTION RATE

® Unisense.com 5 SENSORTRACE polum;' 3

__Sediment Proﬁ';‘n

ol

UNISENSE

Filetype

(] Profiling Application Note (PDF) PDF, 2 MB

Calculations of oxygen consumption rate
using SensorTrace Profiling

Abstract Material and Method ®
This note will explain how to use SensorTrace Profiling to quantify the Sediment cores were collected by hand at Aggersund, Limfjorden, Den- U N I S E N s E

consumption rate of oxygen as well as the oxygen exchange rate across mark in August 2015 at a water depth of about 30 cm and brought to the



Profile analysis

Demo profiles.upra - Unisense Profiling

Calculation of production

Production rate (nmolcm3s1)

. - | Startdepth{um) Max zones
00 = 6 =

and consumption rates

0.5 0.0 -0.5 -1.0 -1.5 -2.0

ion:
onsumption 2000 4 e
. ser
| =Simulated |
ux End depth(um) Min width (um) DS & Theta
= 1500 * 100 =
Analyze

from microprofiles

Select profile, depth range
and boundary conditions

Specify diffusion coefficient
and porosity

)

ptt

O, production —— ¢ °

O, consumption —

Fitted profile

Export selected analysis

‘ ol

. No. nf‘ sk ‘ Pl | Top Conc | Bottom (onc| Top Flux | Bottom Flux
O u t p u t WI t h ra te s a n d Zones “Halue (pmol/L) (pmol/L) (nmol cm-2 5-1) | (nmol cm-2 5-1)
. . 2 88976 0000 28653 1.00 0,015 0.000
Sta t | Stl C p a ra m ete rS 3 68816 0071 28385 1.00 0018 0.000

4 21772 0.002 287.07 1.00 -0014 0.000

6 9086 0296 282.83 1.00 -0.021 0.000

5 10239 0.007 282.27 1.00 -0.023 0.000 0.023

100 150 200 250
Concentration (umol/I)
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Microprofiles - Theory

Concentration (Y) Consumption rate

Bulk water phase
Example:
H : : Diffusive boundary Straight line: 1
BI Ofl | m Wlth layer (DBL) Surface } diffusion only

O, production

-

Concave curve:

in top Iayer, 02 _ production
Consumptlon z Sediment/biofilm/ete
below °

()

(]

> Convex curve:
consumption

v

Qualitative information from profiles

1. Straightline: No net consumption or production— only
diffusional transport.

2. Concave: Net production (e.g. O, production by photosynthesis,
H,S production by sulphate reduction) CE)/

3. Convex: Net consumption (e.g. Respiration, oxidation of UNISENSE
reduced compounds)




Surface

Depth (X)

Microprofiles - Theory

1-dimensional system — Steady state

Well mixed
water phase

Diffusive boundary
layer (DBL)

_ Concentration or

_—

Jsea = —(X)Ds(x)

dC(x)
dx

Consumption (Y)

Sediment or
biofilm

Quantitative Information from
microprofiles

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

2. dC(x)/dx — Flux: Into sediment,
within sediment

D, = Diffusion coefficientin water
¢(x) = Porosity
D.(x) = Diffusivity

D.x) = D,, x ¢(x) (simplest form)

&
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Diffusion in pure water and sediment

B dC (x)
]W — —UYUw dx
Pure water

]sed -

Porosity

100% space for diffusion
Random movement

‘oo.
‘l

Example:
Porosity = 0.8 =>
80% space for diffusion

dC(x)

—p(x)Ds(x)

Tortuosity

Longer diffusion path

Ds (x) =

Dw x Porosity

diffusio

ngs
nes with different
n paramete;

- Calculate

D0 coefficient
e free water(104-5 cm2 =-1) coefficient equation

02 Teble [{EARE] DS = Por*D

23

DS = Por*D
| End ‘ Porosity | 1 3]

_ DS = Por'D

Sediment diffusion
coefficient eqguation

D5 = Por*D -

- D5 = Por*2*D B
I
D5 = D/(1+3"(1-Por))

L S

&
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Surface

Depth (X)

Microprofiles - Theory

1-dimensional system — Steady state

Well mixed
water phase

Diffusive boundary
layer (DBL)

_ Concentration or

Jsoa = —(x)D5(%)

dC(x)
dx

2
Net 0, cons.= gb(x)DS(x)ddLZ(xx)

Calculated consumption rate

_—

Consumption (Y)

Sediment or
biofilm

Quantitative Information from
microprofiles

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

2. dC(x)/dx — Flux: Into sediment,
within sediment

3. d2C(x)/dx2 — Production and
consumption: Activity distribution
within the sediment

D, = Diffusion coefficientin water
¢(x) = Porosity
D.(x) = Diffusivity

D.x) = D,, x ¢(x) (simplest form)
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Microprofiles from different instruments

Lab Microprofiling System Field Microprofiling System In situ Microprofiling System

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

SensorTrace Profiling will record or import
profiles from all system for analysis &
UNISENSE




Find the sediment surface

Stereo microscope while measuring

T
25100
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Find the sediment surface

Locate surface after measuring

UNISENSE



Setting depth interval and boundary conditions

~Settings and Analysis

Sensor1-0; -
Profile 2.1 T
Analysis & v

Boundary Conditicns ~Intervals and zones :Emd“diﬂr_‘
onsumption
Bottom conc + bottom flux - Start depth{um) Max zones ® Observed
0 ~ T~ w Simulated
Bottom conc Bottom flux End depthipm} Min width {pm) 05 & Theta
0.27 = 0.00 1200 = 100 =

Dwpthipr

Ay

fedddpgannt

mesabatentinan

-

D% and Theta x

~Calculate
D0 coefficient
free water(104-5 cm2 =-1)

~Settings
Zones with different
diffusion parameter:

Sediment diffusion
coefficient equation

12 02 Table QEALS DS = Por*D v
Start End Porosity Ds
-1500 1300 1 2.104E-05

Enter DS manually

&
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Diffusion coefficient

e Enter the diffusion

~Settings ———— ~Calculate Well mixed
M . . Zones with different | | DO coefficient Sediment diffusion water phase
C O e ffl C I e n t fo r O 2 I n diffusion parameters| | free water(104-5 cm2 s-1) coefidentequation | | (S e
22 02 Table [EPRIEH] DS = Por*D v Diffusive b d
W a t e r \ : Pt df;ix) 1a;elﬁg§uoun ary
Start End Nroslty ‘ DS — g"“”ce”"‘:‘,"“”rf,;
-1500 0 2.038E-05 onsumption
* Depends on salinity and . 120 16305 oot = =00, 252
temperature o P setmene
* As many depth intervals "
. COﬂﬁﬂTl CﬂﬂCE' nter DS manually ‘g
as you like §

DATA-TABLE 1

by Niels Ramsing & Jens Gundersen

Diffusion coefficient for oxygen at different temperatures and salinities of seawater
Units: 10%-5 cm2 s-1

Calculate diffusion

Salinity| Temperature (°C) Oxygen diffusion coefficient

(%o) 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 100|110 120 130 140 150 18.0
0.0 1.1041 11465 11855 1.2344 1.2798 1.3261 | 1.3734 14214 14702 15198 1.5700|1.8208 1.6723 17243 1.7789 1.8300 1.8836
1.0 11026 11448 11881 1.2324 12777 1.3233 [ 1.3709 14188 14675 1.516% 1.5869 [ 16176 1.6589 1.7208 1.7732 1.8261 1.87%6
20 11011 11432 1.1863 1.2305 1.2756 1.3216 | 1.3685 1.4162 14647 1.5140 15539 | 1.6144 16656 1.7173 1.7685 1.B223 1.8756 -
3.0 1.09%6 11415 11845 1.2285 127356 1.3193 [ 1.3661 1.4137 14620 1.5111 1.5808 [ 16112 1.8822 1.7137 1.7858 1.8185 1.8717 Salinity (%:) 000 -~
4.0 1.0881 11298 1.1827 12266 1.2714 13171 1.3637 14111 14583 1.8082 1.5578 | 1.6080 1.6588 1.7102 1.7622 1.8147 1.8677

5.0 1.0886 1.1382 1.1805 12246 1.2683 1.3148 | 1.3613 14085 1.4566 1.5052 1.5547 | 1.6048 1.6565 1.7068 1.7586 1.810% 1.8838

Temperature (°C) 20.00

60 | 1.0850 1.1366 1.1792 1.2227 1.25672 1.3125 | 1.3589 14060 1.4538 15024 1.5517 | 1.6017 1.6522 1.7033 1.7550 1.8072  1.8599 D(10~-5cm*-2s*-1] - 2.104
7.0 1.0835 1.1350 11774 1.2208 1.26851 1.3104 | 1.3565 14034 14512 14936 1.5487 | 1.5985 1.6489 15998 17514 1.8034 1.8560
80 10821 11333 11756 1.218% 1.2631 1.3082| 1.3541 14008 14485 14968 15457 |1.5953 1.6456 1.58964 17478 17997 1.8522
8.0 1.0806 11217 11738 1.216% 1.2610 1.3060 | 1.3518 1.3984 1.4458 1.493% 1.5427 | 1.5922 16423 1.5930 1.7442 17950 1.8483
10.0 1.08%1 1.1301 11721 1.2150 1.2589 1.3037 | 1.3484 13955 1.4431 14911 1.53598 [ 1.5891 16390 1.8895 1.7406 1.7923 1.8445 APP'Y

.~

11.0 1.0876 11285 14703 1.2131 12569 1.3015[ 1.3471 1.3934 1.4405 1.4883 1.5368 [ 1.5860 1.6358 1.8861 1.7371 1.783& 1.8407
12.0 1.0881 1.1268 1.1686 1.2112 1.2549 1.2894 | 1.3447 1.390% 14376 14855 1.5339 | 1.582% 1.6325 1.6828 1.7336 1.784% 1.8268
13.0 1.0846 1.1252 1.1668 1.2093 1.2528 1.2872 | 1.3424 13884 14352 14827 15309 | 1.5798 1.6283 1.6794 1.7300 1.7813 1.8331
14.0 1.0832 1.1236 1.1651 1.2075 1.2508 1.2950 | 1.3401 1.385% 14326 1.479% 1.5280 | 1.5767 1.6261 1.6760 1.7265 1.7776 1.82893
15.0 1.0817 1.1220 1.1633 1.2056 1.2488 1.2828 | 1.3377 1.3835 1.4300 14772 1.5251 | 1.5737 1.8229 1.6727 1.7231 1.7740 1.8256

UNISENSE

16.0 1.0802 1.1204 11816 1.2037 12467 1.2007 [ 1.33584 13810 1.4274 1.4744 15222 [ 1.5706 1.6197 1.8893 1.7196 17704 18218
17.0 1.0788 1.1188 1.1599 1.2018 1.2447 12885 1.3331 1.3786 14248 14717 15193 [ 1.8676 1.6165 1.6660 1.7181 1.7668 1.8181




Sediment diffusivity

* How should diffusivity be calculated?

Settings Calculate

i o | e sz oot Fine sand/mud with high porosity, biofilm
2 * 2.104 DS = Por*D /
Str fnd sy s =7 | _—— Compact mud, low porosity

21
=" bs = D/(1+3*(1-Por

)]
: T All kinds of sediments

Now a demonstration of the software

, ProfilingDemo.upro — Profile 6.1
Porosity measurement

* Core sedimentslicing e.g. every 5 mm
* Weight loss after drying / specific density water

&

UNISENSE



Result — Statistics

- Statistics

Export selected analysis

No. of SSE | P-Value Top Conc | Bottom Conc Top Flux Bottom Flux | Integrated pn
Iunesl I {I“'m.ql'ﬂ:} {"mﬂm‘.:l.“ (nmol cm-Ems:lil (nmol cm-Ems:H {(nmol ':'T,',E s-
2 891.00 0.000 286.74 1.00 -0.015 0.000 0.015
3 68398 0.071 284.07 1.00 -0.018 0.000 0.018
4  219.23 0.002 287.24 1.00 -0.014 0.000 0.014
5 10252 0.007 282.56 1.00 -0.023 0.000 0.023
& 93.61 0.361 283.10 1.00 -0.021 0.000 0.021

* Choose the right number of zones:
* P: Did adding this zone improve the fit (P < 0.05)
e SSE: Sum of squared errors
e SSE and P-value should be as small as possible.
* Look at the results and use common sense

&
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Result — Avoid obvious errors

- Statistics

Export selected analysis

No. of SSE | P-Value Top Conc | Bottom Conc Top Flux Bottom Flux | Integrated pn
Iunesl I B (pmlull,:l'll:} (umnl,n"l_l)l“ (nmol cm-2w5;11 (nmol cm-Ews:H {nmolcnl-lgls;
2 891.00 0.000 286.74 1.00 -0.015 0.000 0.015
3 68898 0.071 284.07 1.00 -0.018 0.000 0.018
4 21923 0.002 287.24 1.00 -0.014 0.000 0.014
5 10252 0.007 282.56 1.00 -0.023 0.000 0.023
6 9361 0.361 283.10 1.00 -0.021 0.000 0.021

* Production or consumptionin zones where it is
not possible

Analysistoo deep into the anoxic zone
Maximum number of zones too high

-2000

-1000 4

-500

Depthium)

-0.3
L

Rate (nmol cm-3 5-1)

=13
I

(.

T T
100 150

Concentration{umol/L)

&

UNISENSE



Results — Number of zones

. - :
; .o
: . :
— H [ ] H
E . . H
2 : H :
£ : . :
=8 ' - H
& i o
»
3
b
1500 -
0 50 100 150 200 250
Concentration{pmel/L)
~ Statistics
Save solution | Export selected analysis
No. of SSE | P-Value Top Conc | Bottom Conc Top Flux Bottom Flux | Integrated pr|*
Zones (pmol/L) (pmol/L} | (nmol cm-2 s-1) | (nmol cm-2 5-1) | (nmol cm-2 s-
6 7.58 0.069 165.46 0.27 0.058 0.000 -0.058
7 6.07 0.347 165.30 027 0.058 0.000 -0.038
8 6.16 1.000 165.51 0.27 0.058 0.000 -0.058
9 5.10 0457 166.02 027 0.064 0.000 -0.064
10 6.00 1.000 165.99 0.27 0.063 0.000 -0.063| |

. :
.’
- H
— . :
E [ :
2 . :
S e |
o - :
& s
1
250
Concentration{pmaol/L)
~ Statistics
Save solution | Export selected analysis
No. of SSE | P-Value Top Conc | Bottom Conc Top Flux Bottom Flux | Integrated pr|*
Zones {(pmol/L) (pmel/Ll) | {(nmol cm-2 s-1) | (nmol cm-2 s-1) | (nmel cm-2 s-
EETE 3 0212 167.63 0.27 0.066 0.000 -0.066
4 2013 0.030 165.59 0.27 0.059 -0.039
5 1334 0.102 165.06 027 0.054 0.000 -0.034
6 7.58 0.069 165.46 0.27 0.058 0.000 -0.038
7 6.07 0.347 165.50 0.27 0.038 0.000 -0.038

&
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Other solutes than O,

Boundary Conditions

Bottom conc + bottom flux

Tep conc + bottom conc
Top conc + top flux

Tep conc + bottom flux
Bottom conc = top flux

Bottom conc + bottom flux

Oxygen

-1000

-500

300

500

Depth (um)
\

1000
1500

2000

Boundary conditions

Bottom conc.=0
Bottom flux =0

-1000

-500

Depth (um)

1000

1500

2000

Hydrogen sulfide

Boundary conditions

Topconc.=0
Top flux =0

&
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Play arround

* Boundary conditions
* Depth interval

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

* Change the formula for the Ds calculation

* Porosity

&
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Export data

~ Statistics

Mo. of SSE | P-Value Top Conc | Bottom Conc Top Flux % Integrated prod
Zones {(pmol/L) {pmol/L) (nmol cm-2 s-1) | (nmol cm-Z5~Hmmol cm-2 5-1)
1 201807 0.000 147.95 0.27 0.044 0.000 -0.044
2 4817 0.000 168.77 0.27 0.068 0.000 -0.068
3 1529 0.007 165.90 0.27 0.061 0.000 -0.061
4 861 0.057 163.24 0.27 0.058 0.000 -0.038
5 7.68 0444 165.70 0.27 0.061 0.000 -0.061

Choose how to export data X

(O] Export as Excel (xlsx) file (Recommended).
() Export as CSV files,

Cancel MNote for cswv: '} is used as delimiter and '\ as decimal separator

File Home Insert Draw Page Layout Formulas Data Review View Developer Add-ins Help
ﬁ.j L—QQ Cut Calibri i GRS = Frv  B\Wrap Text General - % Normal Bad Good
Copy ~ r 1 =
P e BT U~ g4 === MergesCenter ~ | €8~ % 9 |G 38 | Sondifons! Formatas Neutra
Clipboard F] Font Ml Alignment [l Mumber Styles
D7 iud I
d A | B | C o | E | B G H | | |
1 |Zone SSE P-Value Top Concentration (umol/L) Bottom Concentration (umol/L) Top Flux (nmal cm-2 5-1) Bottom Flux (nmol cm-25-1) Integrated pod (nmol cm-2 5-1)
2 1 2018.069859 0 147.9542313 0.270799394 0.044186333 -9.22382E-14 -0.044186833
3 | 2 46.1681324 1.18735E-05 168.7682868 0.270799594 0.068284913 -1.43317E-13 -0.068284513
4 3 15.28808306  0.006842208 165.9006005 0.270799394 0.060844366 -1.27845E-13 -0.060844866
5 | 4 B.606835457 0.056830583 165.2440117 0.2707999%4 0.057699309 -1.1953E-13 -0.057653303
6 5 7.684225285 0.444182386 165.6985895 0.2707999%4 0.061102365 -1.26345E-13 -0.061102363
7 |
8_
el
L
T
i
13
It
15| /
e
a7l
Observed Profile Simulated profile, 3 Devices Calibration data Comments Miscellaneous | ) (41

Statistics Zones, 3

Settings
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Summary

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

&
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Unisense Microsensor Academy: I 4 :
https://www.unisense.com/support/knowledges « = o -

Contact us: sales@unisense.com
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