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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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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



Outline

* Microprofiles
* Experimental design
* H, dynamics in microbial mats
* Electrical potential - Cable bacteria

* Photosynthesis - Light/Dark shift technique
* Microprofile theory - Short

* MicroRespiration System

* Lab vs. Field

* O, variation in seagrass sediment
* Bioturbation in mangrove sediments

&
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Microprofiles — Equipment

What you will need
* Microsensor

* Amplifier

&
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Microprofiles — Equipment

What you will need

e Microsensor

..——--___ —

* Amplifier

] 3%
- —
=
—
=

 Micromanipulator
 Manual
 Motorized
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Microprofiles — Equipment

What you will need

Microsensor
Amplifier

Micromanipulator
 Manual
 Motorized

Software

&
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Microprofiles — Experimental design

We would like:
Nice profiles 4000
Well defined conditions

Easy to work with

Sensor safe setup 0
Steady state

-2000 -

P g \ boundary layer

2000

Depth (um)

4000 -
6000 -
8000 -

[

®
10000 -

0, (M)
0 50 100 150 200 250 300 350
! ! ! ! ! Well mixed
/ water column
Diffusive
—

Sediment surface

+«——— Sediment
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Microprofiles — Experimental design

Desirable features of experimental micro-
profiling set-ups

e Stirred (well mixed) water phase

&
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Microprofiles — Experimental design

Stagnant versus stirred conditions

Poorly stirred Well stirred
water column water column

Air

C;b 1 Water

phase
Water

} DBL

L Sample

Characteristics of a stirred set-up:

* Well defined conditions

* Steady-state can be reached
* Data can be interpreted

* Natural conditions (?)

Example: Air blown across the
water surface to create stable flow

UNISENSE



Microprofiles — Experimental design

Desirable features of experimental micro-
profiling set-ups

e Stirred (well mixed) water phase

* Know the position of the sediment surface

&
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Microprofiles — Experimental design

Finding the surface — Solution 1:
Visual guidance

Dissection microscope

&
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Microprofiles — Experimental design

Finding the surface — Solution 2:
Sensor alignment during profiling

O, and H,S sensors

&
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Microprofiles — Experimental design

Depth (um)

Surface positioning - the problem of knowing where you are!

Oxygen

0, (uM)

0 100 206"
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i
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Microprofiles — Experimental design

Desirable features of experimental micro-
profiling set-ups

e Stirred (well mixed) water phase
* Good visual inspection of the sample
* Proper control of water conditions

* Temperature

* Oxygen

e Nutrients

&
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Microprofiles — Experimental design

60°C, in situ water

w

w— |ight
g =—=—Dark

Depth [mr_n].

} mncemm[m {MM}
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Microbial mats - H, dynamics

Coastal cyanobacterial mat, Denmark

O, and H_S concentration pH and H, concentration
(umol L™ (umol L™)
0 500 1000 01 7 8 9 10

E
E
5
aQ
o)
O '.?'
3 % 02 B (5 Hz
% ——HS§|| 3 ——pH
3 ——FE ;
A by id® il i ol E i
0.1 1 10 100 1000

Scalar irradiance, E (400-700 nm) (umol photons m *s™)

Sediment cores incubated in
light in the lab

Microsensors used:

¢ 0,

* H,S

° pH

° H2

* H,-X (insensitive to H,S)
e Light (PAR)

e 10-70 um tip diameter

Nielsen, M., N. P. Revsbech, and M. Kihl. 2015.
Microsensor measurements of hydrogen gas
dynamics in cyanobacterial microbial mats. Front.
Microbiol. 6: 1-12. d0i:10.3389/fmicb.2015.00726
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Microbial mats - H, dynamics

10

H,(—e—) concentration (umol L )

o
(=]

Deptr):(mm)

-
o

O2 and H ZS concentration

pH and H, concentration

(umol L™ (pmol L)
8 0 500 1000 01 " 7 8 9 10
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L = S e L
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——E
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0 200 400

Same sediment as previous slide.
Light turned offat T=0

Fast measurements needed to resolve the dynamics

200 400
H,S(—e—) and O_(—e—) concentration (umol L -1)

200 400 200 400 200 400 200 400

0.1 1 10 100 1000

Scalar irradiance, E (400-700 nm) (umol photons m *g)
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Microbial mats - H, dynamics

Hypersaline microbial mat, France

O, (umol L) H, (%)

0 200 400 600 80000 05 10 15 20

_1 I ! | ' | ' | ' | ! I ' |

Water

Biofilm

mm)

Lo
s
(@}
(O]
- —o—light
2 —&— 5 min
—— 15 min
—&— 35 min
—/— 60 min
3 | ! | , —®7 120 min

H, (umol L)

0.0 2.5 5.0 7.5 10.0

Sediment cores incubated in
light in the lab. Light then
turned off.

Study O, and H, dynamics over
time. Placed O, and H, sensor
at 0.8 mm depth.

Nielsen, M., N. P. Revsbech, and M. Kihl. 2015. &)/

Microsensor measurements of hydrogen gas

dynamics in cyanobacterial microbial mats. Front. U N I S EN S E

Microbiol. 6: 1-12. d0i:10.3389/fmicb.2015.00726



Microbial mats - H, dynamics

Hypersaline microbial mat, France

600

400

(% air saturation)

200 o

Sediment cores incubated in
the lab in light/dark cycles.
Measured at 0.8 mm depth.

Nielsen, M., N. P. Revsbech, and M. Kihl. 2015.
Microsensor measurements of hydrogen gas
dynamics in cyanobacterial microbial mats. Front.
Microbiol. 6: 1-12. d0i:10.3389/fmicb.2015.00726
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Cable bacteria - Electric potential microsensor

Depth (mm)

02,5% (uM)

tot

100 150 200 250
I B L.

300

19 d. incubation

02
2_
15 m-S tot
——pH
Electric potential
20
|
[ |
T T " T T "1
6.0 6.5 7.0 7.5 8.0 8.5 9.0
pH
1 1 X 1 i I 1
0.0 0.5 1.0 1.5 20

Electric potential (mV)

Depth (mm)

300

02, 8% _ (uM)
0 50 100 150 200 250
-5 4 L 1 . 1 L 1 L 1 . L
b 4 d. incubation

-l—l‘.‘

5 ] i

10

.-.- - oz

| .
15 B &S tot

B pH

Electric potential
20 4
T T T T T

6.0 6.5 7.0 7.5 8.0 8.5
pH

9.0

T Y T y T 2 T
0.0 0.5 1.0 1.5

Electric potential (mV)

20

Damgaard, L. R., N. Risgaard-Petersen,
and L. P. Nielsen. 2014. Electric
potential microelectrode for studies of
electrobiogeophysics. J. Geophys. Res.
Biogeosciences 119:1906-1917.
doi:10.1002/2014)G002665
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Photosynthesis - Light/dark shift technique

In light

At any point in the sediment, O,
concentration is constant over time (steady
state) =>

Production by photosynthesis equals removal
by respiration and diffusion

Initially in darkness:

* O, removing processes are unchanged
* Respiration

* Diffusion away

* AO, concentration = O, production in light

UNISENSE



Photosynthesis - Light/dark shift technique

The setup

\ Fast O, sensor
=~

UNISENSE



Photosynthesis - Light/dark shift technique

B T e T e e S e T e T i Tl i Tl B i T et e T

***************************************************************

L e, Y

——————————————————————————————————————————————————————————————————

Oxygen (uMm)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| B e e e e . e

---------------------------------------------------------------------

Oxygen (uM)

UNISENSE




Photosynthesis - Light/dark shift technique

Gross Photosynthesis (nmol cm™ 3'1):|

0 2 4 6 8 10
1.0 = ' ' '
i
ﬂ\DL DBL
0.0 | -
E |
£ :|—|
‘_c" -1.0 - O
ol down
8 |
20 71
Sediment
-3.0 ' ' ' '
0 200 400 600 800 1000

Oxygen (uM) O

Glud, R. N. 2008. Oxygen dynamics of marine sediments.

Mar. Biol. Res. 4: 243-289.

Very strong tool

* Gross O, production
e Directly measured ( )

* Net O, production: J, + Jyoun
* Ficks first law of diffusion (red arrows)

e Respiration in photic zone =
Gross O, prod - Net O, prod

&
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Photosynthesis - Light/dark shift technique

Gross production, Pg (z) (nmol O, cm=3s)
2 4 6 8 0 2 4 6 8

Effect of tidal conditions on
photosynthesis in a microbial mat.

Collimated Light

Microsensors:
Temperature

Oxygen - / - /

Scalar irradiance
microprobe

= —
b — | BT—
x Immersion Emersion

Time

e Steady state S ———————————) Steady state

Immersion Emersion

Haro, S., K. E. Brodersen, J. Bohdrquez, S. Papaspyrou, A.
Corzo, and M. Kiihl. 2019. Radiative Energy Budgets in a
Microbial Mat Under Different Irradiance and Tidal
Conditions. Microb. Ecol. doi:10.1007/s00248-019-01350-6

Depth (mm)

800 Immersion

0 200 400 600

100 400 800 Emersion

T T T 1 T T T T 1 T T T T 1
100 200 300 400 0 100 200 300 400 0 100 200 300 400

&
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SensorTrace — Profiling

Calculations of oxygen consumption rate
using SensorTrace Profiling

UNISENSE



SensorTrace — Profiling

@ Sediment Profiling Analysis - Un X +

€« > C

B2 CRM @ Unisense

@ unisense.com/applications/sediment-profiling-analysis/

° G Maps

1 Apps & Manualer g Environment & Translate

UNISENSE

@e » Application Notes » Sediment Proﬁiing@

- Sediment Proﬁ!ﬁg
Analysis

Name

SllE

Profiling Application Note {@

2 OWA @ DMI- Virklund

& RainViewer

Products v Knowledge v Support v About us v Order now v

@ Belfast tender

@ AGU 2021 login

Stories

Q search

W Weather Radar »

W =
B ¥
|| Other bookmarks

@ English

Filetype

PDF, 2 MB

UNISENSE

Calculations of oxygen consumption rate

using SensorTrace Profiling

Abstract Material and Method

This note will explain how to use SensorTrace Profiling to quantfy the Sediment cores were collected by hand at Aggersund, Limfjorden, Den-
F axyg chi miark in August 205 at awater depth of about 30 cm and brought to the

the water - sedi rface, fr high resolutior

with

measured witha Unisense MicroProfiling System.

s an example we will use 2n axygen microprofile made in an erganicrich
sediment core collected at less than 30 cm water depth in the brackish
Limfjordenin Denmark.

| mass conser the
madel calculation,

theanalysis, we the oxygen
diffusion coefficientinall 20nes of the sediment an d defined the bound-

distrib and th

brackish water(15 %o salinity) collected at the same location a the sedi-
ment, and stored atin-situ temperature, about 20°C.

The water was flushed with air using an aquarium pump and a bubble
stone making sure that there was 3 good circulation and thata well
defined Diffusive Baundary Layer (DBL) was established just above the
sediment-water interface figure 2and 3,

Oxygen miaoprofiles weremade by using a motorized MicroProfiing
System and an oxygen miciosensor with a ip size of S0 pm [OX 50

ling was used for liE motor control and

ary conditions. The model shows the
Galeulated profile with theactus| measured profile,

data collection. The oxyges entration was measured in units of

50 pum step size, 3seconds wait and 1

Thursday 24 February 16:45-17:30 CET

Demonstration of Activity Calculation -

Software

UNISENSE




Microprofiles - Theory

Concentration (Y) . Consumption rate .
Example: oo nfNURIL. I
Sediment or e (OBL) e ‘\\ plgio= 1
biofilm with o
O, production produichion
in top |ayer’ O2 f Sediment/biofilm/ete
consumption §
below o

> Convex curve:
consumption

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) &)/

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




Microprofiles - Theory

1-dimensional system — Steady state Quantitative Informationfrom
microprofiles
Well mixed 1. C(x) - Concentration: Penetration
water phase depth, overlappingzones

o 2. dC(x)/dx — Flux: Into sediment,
Diffusive boundary

" |ayer(DBD) within sediment
Surface > Concentration or 3. d2C(x)/dx2 — Production and
Consumption (Y) . .. . .
- dC(x) consumption: Activity distribution
Jsea = —¢(xX)Ds(x) — - within the sediment
42C00) Sediment or D, = Diffusion coefficientin water
Net 0, cons.= ¢p(x)Ds(x)—z7 — Bighim @(x) = Porosity
D.(x) = Diffusivity
Calculated i .
alculated consumption rate DS(X) _ DW % ¢(X) (S|mplest form)

Depth (X)

I:‘—cb Unisense software (Profile) can CE)/
" do these calculations UNISENSE
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MicroRespiration system

Microrespiration: Quantify metabolic activity of small organismes.

UNISENSE



MicroRespiration system

_____ Capillary
0.7x15 mm
Glass-glass
S seal Cﬁ/
0 UNISENSE




MicroRespiration system

Changes in small volumes
* 0,, pH, H,, H,S, N,O, and NO
* Complete system
e Glass chambers,
Magnetic stirring, Rack,
Sensors
* SensorTrace Rate Software
* Real-time data
e Data for each chamber

individually
* Graphs for each chamber

Chambers: Small (400-4000 pL)
Medium (20, 40 and 50 mL)

Large (200-400 mL)

L &
NS UNISENSE
200 ml

e



MicroRespiration system

FHle: Tools Manuals® Help

Settings Calibration

ates V5 Concentration Comment

| Regression line
- Settings
Sampling interval{s):
- 200.00
- Calculations
Start 2
End 2 150.00
MWanual calculation

| Use current measurement
Slope | -6637.4654 pmol/L/h
R |0.9946 =
StDev |2.9554 10000 2

=

'50.00 [ Options ——
Pause
¥-Zoom
Show last:
All -
-0.00
14:04:00 14:04:30 14:05:00 14:05:30
Time

Rate

&
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MicroRespiration system

Respiration rate of estuarine hydromedusa N. bachei.

250

Organism: 3 -5 mm dia.
Chamber: 2 ml

." ‘u
\ r?=0.994

y B, \«M 0
S 200 - . e N } N\
S ‘ 5 L
g \\
r?=0.999 ™
\“x.
Nemopsis bachei 150 1, . \\
0.0 05

Time (h)

Marshalonis, D., and J. L. Pinckney. 2007. Respiration rates of dominanthydromedusae
in the North Inlet tidal estuary during winter and summer. J. Plankton Res. 29: 1031-
1040.

UNISENSE



MicroRespiration system

nature Vol 461|15 October 2009|doi:10.1038/nature08465

LETTERS

Ammonia oxidation kinetics determine niche
separation of nitrifying Archaea and Bacteria

Willm Martens-Habbena', Paul M. Berube'+, Hidetoshi Urakawa', José R. de la Torre't & David A. Stahl'

iy o
UNISENSE



MicroRespiration system

c Addition of 156.4;
475|- 10 UM NH,GI 1564
\L 156.0
1 TU — -1558.
s 155.61
= 165
= #155.4 : =
o 0.85 090 095
< 1601 —
O __//
-~
155
150 I NN NN NN R R R
00 0.2 04 06 08 10 12 14 16
Time (h)
Nitrification

2NH,*+30, — 2NO, + 2H,0 + 4H*

NH; + O,

— NO, +4H* + 2e°

Ammonium/oxygen consumption=1:1.52

Oxygen uptake (UM h-1)

10

NH; + NH,* (uM)

—25 i
5
7120 & »
o 3
23
S o |
1 = g
| 110 & il
{1 K,=0134uM =] % F‘{lf‘ﬁ\
% — Y Rk
J Voo = 25.72 pM N b g B3 o LS
| = 23.77 pmol M per mg protein per h =
l l l l 0
2 4 6 8 10

Injection lid

&

UNISENSE



Ole Pedersen

Photos

In situ and lab

Learn in the laboratory- explore and confirm in the field! - U'*%;NS_E

N
" The Winning Formula - Unisense X -+
&« > 8 unisense.com/applications/the-winning-formula/ B i
B Apps @S CRM &~ Unisense @ Manualer g Envionment B Translate @ GMaps (R OWA @ DMI-Vikiund & RainViewer @ Belfasttender @ AGU 2021 login @ Weather Radar  » Cther bookmarks

UNISENSE Products v ( Knowledge Support v  Aboutus v  Ordernow v Stories Q. Search @ English

%, Need help? Call +45 8944 ¢

Home(> Application Notes » The Winning Formula

The Winning Formula
Learn in the laboratory - explore and confirm in the field!

Professor Ole Pedersen at University of Copenhagen is a very Whatwere your initial reasons for going into the fisld?
experienced microsensor user with a lang track record of pub- Curiosity! | started with laboratory measurements in seagrasses
lished artides where Unisense micosensors have been a key and got fantastic data. But the uncertainty of whether the ob-
technology. Ole has travelled the world with microsensors and served phenomena also occurred in the field situation was there
applied them in seagrass beds in the Caribbean Sea, rice paddies  —solhadto go and see.

v of whether the ob-

PDF, 2 MB UNISENSE

The Winning Formula (PDF)




Monitoring O, in rhizosphere

In-situ measurements of oxygen dynamics in sea-grass beds

Diurnal variation in the oxygen level within the
rhizome of seagrass and in the water phase

125
\ -—— Water column
e
- 100-.--.--.%‘1’.’2\-&%, ....................... Wi
S 1 7
n.E.- L.,_M.H-#“r
S
el
E —— Thalagsia rhizome
E 50
(4~}
d Underwater meter
O 25
c ) L) L] L) L) L L L]
15 18 21 24 3 3 9 12 15
Time of day

Ole Pedersen, Univ. Copenhagen, DK, CE)/
unpublished UNISENSE



Bioturbation by Fiddler Crabs

 Thuwal, Red Sea

* Field Microprofiling
System

* Splash proof meter
* Water proof motor
* Battery power

e Stand alone or
with PC

Booth, J. M., M. Fusi, R. Marasco, T. Mbobo, and D. Daffonchio. 2019. Fiddler crab bioturbation

determines consistent changes in bacterial communities across contrasting environmental
conditions. Sci. Rep. 9: 3749. doi:10.1038/541598-019-40315-0 UNISENSE



Bioturbation by Fiddler Crabs

b Oxygen (umol L) C Redox (mV)
-60 ] 80 120 180 240 300 360 -600 400  -200 0 200 400 600
0 ' : : —y— : 0 s : - : : ‘*
govhe © 03 ?" "”r £ t
” 3
.:_____:_._; ________________ ﬂl_ '5 B i
£
] :.' é
AR R . IR ——— 4] ) I ——— &
L™ .
v
e -15
. . -20
E -
E . ® 5
= -25
—
) . Distance
[
from burrow
-30 A =30
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a5 t ] ©10 mm 35 1
o ®15mm
®30mm
-40 - e e, ® 45 mm -40 -
|
( ® 250 mm (bulk)
15 {0 S S 45 +——
g
-50 4 -50 -

Booth, J. M., M. Fusi, R. Marasco, T. Mbobo, and D. Daffonchio. 2019. Fiddler crab bioturbation
determines consistent changes in bacterial communities across contrasting environmental

conditions. Sci. Rep. 9: 3749. doi:10.1038/s41598-019-40315-0 U N I S E N S E




Field MicroProfiling System

Sensor holder or
Micromanipulator

2-D System

&
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Field MicroProfiling System

e Operated from keypad or PC with
SensorTrace Suite

* Splash proof 8 channel amplifier

e Battery (20 hours)

* Field motor, waterproof (min 10
um step size)

* Field stand for lab and field

mounting

5 m sensor cables (optional 10 m)

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

Contact us: sales@unisense.com



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