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1 Overview

The compact P&hased fiberoptic oxygen metet-ireSting O2 with
1, 2 or 4 channels unifies several innovatitechnological
improvements making it the new standard of high precision
oxygen sensing with fibeoptical oxygen sensors (optodes). The
FireStingO2 utilizes a new unique measuring principle based on
red light excitation and lifetime detection in the nemfrared using
novel luminescent oxygen indicator& EDFLASH technologysee
Appendix13.2for more details)It isa multipurpose oxygen meter

w working with oxygen needlgype (retractable, fixed), bare
fiber and contactless sensors (sensor spots, sensor
cuvettes and flowthrough cells) as well asrobust
miniprobesand

w workingwith full range and trace oxygen sensors

Along with the FireStingO2 we offer a variety of fibewoptical
oxygen sensors, differing in tip diameter, tip geometry and
measuring concentration range, which can be adjusted at your
needs. Furthermore, we also offer turnkey motorized
microprofiling setups enabling the measurement of degprofiles

of oxygen concentration in environmental samples at high
temporal and spatial resolution.

The FireSting O2 enables a diverse range of applications for
measuring oxygen at different concentration ranges, sample types
and spatial scales. This ntipurpose oxygen meter allows
measurements with microsensors in small samples and detection
of depthresolved oxygen microgradients in seiswlid samples
like sediments, biofilms, or tissue. With the same oxygen meter it
is also possible to monitor oxygezoncentrations in air or aquatic
environments usingminisensors robust minprobes or sensor
spots forlong-term measurements.
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Our consulting service is available to inform you about the

new and outstanding-ireSting 02,

different sophisticated sensor type

microprofiling setups fronPyroScience

their applicability and

integration into existent devices as OEM solution.

=A =4 =4 4 A

More information concerning ourproducts can be found at
WWW.pyro-science.com

or contact us undemfo@pyro-science.com

We would be pleased to serve you concerning all needs for sensing
oxygen at high precision and resolutiowith state-of-the-art
technology.

Profit from our innovation, scientific expert knowledge and
flexibility to develop customized solutions for high performance
sensing technology.

YourPyroScienceleam


http://www.pyro-science.com/
mailto:info@pyro-science.com

2 Safety Guidelines

TheFireStingO2is a laboratory istrument to be used with fiber
optic oxygen sensors (optodes) fromyroSciencefor measuring
oxygen at high precision and resolution. In order to guarantee an
optimal performance of theFireStingO2 please follow these
operation instructions and safety giélines. Before starting a
measurement with the FireStingO2 please allow for an
appropriate

9 installation of the FireSting Logger software before
plugging theFireStingO2for the first time into a USEort
of your PC

9 ambient temperature, cleanness and hintity,

9 connection of sensors and products (extension module)
supplied fromPyroScience

9 calibration of the sensors,

9 precaution during handling of the needlgpe sensors to
avoid injuries or breaking of the sensor and

1 functioning of theFireStingO2.

If any problems or damage evolve, please disconnect the
instrument immediately, mark it to prevent any further use and
consult PyroScience for repair or maitenance service. The
FireStingO2 should not be manipulated or opened by
unauthorized persons, only b¥yroScienceor persons advised
directly fromPyroScience

Please note that opening the housing will void the warranty. There
are no servieable parts inside the device.

The FireStingO2 and sensors should be kept and stored outside
the reach of children in a secure place under dry and clean
conditions at room temperature, avoiding moisture, dust,

corrosive conditions and heating of the instrument. This device is
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not intended for medicalmilitary or other safety relevant areas. It
should be used in the laboratory by qualified personal only
following the operation instructions and safety guidelines of this
manual.

Please follow the appropriate laws and guidelines for safety like
EEC directies for protective labor legislation, national protective

labor legislation, safety regulations for accident prevention and
safety datasheets from manufacturer of chemicals used during
measurements.

Calibration of the sensors, data acquisition, data pgiag and
data publication is on the user's authority.

When used in the field, the environmental conditions (like high
humidity, dust, exposure to direct solar radiation) may cause
damage a interference of theFireStingO2, which is orthe user's
authority.




Before using theFiresting O2and its sensors, read carefully the
instructions and user manuals for the oxygen meter
FirestingO2

In case of problems or damage, disconnect the instrument an
mark it to prevent any further use! ConsultPyro Sciene for

advice! There are no serviceable parts inside the device. Plea
note that opening the housingwill void the warranty!

The FirestingO2 is not watertight, is sensitive to corrosive
conditions and to changes in temperature causing
condensation. Avoid any condition (e.g. direct sun light) causing
a heating of the device above 50°C (122fF

Handle the sensors with care especially after remat of the
protective cap! Prevent mechanical stress to the fragile sensin
tip! Avoid strong bending of the fiber cable! Prevent injuries
with needle-type sensors!

Calibration and application of the sensors is on the usér
authority, as well as data acqusition, treatment and
publication!

The sensors and the oxygen meteFirestingO2are not intended
for medical or military purposes or any other safetycritical
applications.

The sensors should be used in the laboratory only by qualifie
personal following the user instructions and the safety
guidelines of the manual, as well as the appropriate laws an
guidelines for safety in the laboratory!

Keep the sensors and the oxygen meteFirestingO2 outside the
reach of children!

[®N




3 Introduction to the FireStingO2

The FireStingO2 is a multipurpose oxygen meter that is
compatible with all available oxygen sensors fraayroScience
(needletype, bare fiber and contactless sensprminiprobes.
Most sensors are available for the full rangel@% O2) and for
the trace range (1% O2). The optical detection techiogl is
based on the unique oxygesensitiveREDFLASHndicators which
use red light excitation and lifetime detection in the near infrared
(see Appendix 13.2 for more details). The oxygegensitive
REDFLASHNdIicators show excellent brightnesand their red light
excitation significantly reducestress in biological systems and
interferences causg by autofluorescence.

TheFireStingO2is a high precision, compact Rfased fiberoptic
oxygen meter with 1, 2 or 4 channels for measurements in the
laboratory. Additionally, one temperature sensor can be connected
allowing for automatic temperature aopensation of the oxygen
measurement. Thé-ireStingO2is operated via an USB connection
to a PCwith a Windows operation systenmrhe included logging
software FireSting Logger provides comfortable calibration and
logging functionality.

The FireStingO2 can be used in various environments, but is
designed as a laboratory instrument. If used in the field, please
protect the FireStingO2from heating, moisture and corrosion.



The FireStingO2 comes with 1, 2, or 4 channels (connect8isto

S4) on the right &le panel for up to 4 fibeoptic oxygen sensors
and one connector ) for a temperature sensor. The USB
connector on the left side panel provides the energy supply and the
data exchange with the PC.




4 Software Installation

System requirements: PC with Windows XP/Vista/7 (but not
"Windows?7 Starter Edition") and min. 2B free disk space.

IMPORTANT: Do not connect thiereSting O2to your PC before
the FireStingLoggersoftware has been installed. The software will
install automdically the appropiate USBdrivers.

Installation steps:

w download the installer package for theewest version of
the FireStingLogger software from the PyroScience
homepage www.pyro-science.com/dwnloads.html

w unzip and start the installer and follow the ingttions

w connect the FireStingO2 with the USBcable to the
computer. The red logo will flash shortly indicating the
correct startup of the oxygen meter.

After the successful installato a nex B OT COAI CcOT 0P
FireSting/ YO EO AAAAA O OEAcut@dmedO 1 Al
"FireSting' can be found on the desktop.

2AT AOE O O7EIT AT xO ¢ 30A00A0| %AEO
AOA AAI EOGAOCAA TT1U xEOE A 1E| EOAA
¢ 30A00A0 %AEOET T 6h FieBEAEINhKatAO 11
AAOGA Ui O OGETOIA TTTE ET Wimdws7 ET AT
T UOETI A 5PCOAAA68 (AOA Ul O AAT DO
upgrade to a full Windows version.



http://www.pyro-science.com/downloads.html

5 Oxygen Sensor Types

5.1 Needle-Type Sensors

The needletype oxygen sensors are composed of a fioptical
cable C, 2.5 m standard length) with a plu&) for connection to

the FireStingO2 meter, a metal housingH, fixed or retractable),
and a syringe needleN¢ 40 mm standard length) including the
fiber with a fragile sensing tip. On each sensor, a specific Sensor
Code E0Q is attached to the cable.

At the tip of the sensorsT(, the oxygensensitive REDFLASH
indicator is immobilized in a raisin. The needigpe oxygen
sensors are offered with different tip diameters, including
microsensors with a tapered sensor tip of ca-@um in diameter
(A) ard minisensors with a flat sensor tiB)(of 230 um, 430 pum,
0.5 mm and 1.1 mm in diameter.

B) |] A) >




The sensor tip can be retractable)(or fixed F) in the housing.

. PC
Microsensor ‘ é’{
(retractable) %

PC

Minisensor (fixed)

The retractable sensor tip allows sendosertion through septa,
package material or tissue and subsequent extension of the sensor
tip into the sample for oxygen measurements. The retractable
sensors are available as microsensors -680 um) and as
minisensors (230 um, 430 um).

The sensors are fpped in position O (retracted position) to
protect the tip from breaking. The needle is covered with a
protective cap PQ, which has to be removed carefully before
using the sensorAfter removal of the protective cap from the
needle, the sensor shouldebfixed in a stable saip like a solid
laboratory stand or a micromanipulator mounted on a heavy stand
from PyroScience In case of retractable sensors, move gently the
pushbutton (PB) from the retracted position 0 to the extended
positions 1 (tip flushwith needle tip),2 or 3, thereby moving the
sensor tip ca. 6 mmppsition 2) or 12 mm gosition 3) out of the
needle into the water or gas phase of the sample.

Please take care when handling the neediype sensors to
prevent injuries and breaking of thesensor.Ensure enough spac
in front of the fragile sensor tip, especially when pushing it out!

D
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Retracted Position (position 0)

tip inside needle

Extended position 1 tip flush with needle

Extended position 2 tip ca. 6 mm extended

Fully extended position 3 tip ca. 12 mm extended

The needletype microsensorsare appropriate for high resolution
measurements in sersolid samples, like sediments, biofilms or
tissues withPyroSciencaurnkey motorized microprofiling setups.
They allow measurements in small sample volumes, along steep
gradients and of deptiresolved oxygen profiles at high spatial
resolution.

Please always use a stable stand and a micromanipulator to nove
the sensor into @emisolid sample like sediment, biofilm, tissue.

Theminisensorsare standard sensors for robust loigrm oxygen
measurements in gaseous or aquatic environments. Fixed
minisensors with a mechanically protected tip (0.5 mm diameter)
can be used for insedn through a ruber septum without
addition of air to gas samples. Here the very sensor tip is flush with
the tip of a beveled needle and glued into it.

In case of fixed minisensors with a tip diameter of 1.1 mm, the fixed
sensor tip extends 1 mm from theeedle tip and is henc
unprotected after removal of the protective capAvoid any
contact to harsh surfaces!

D




The needletype sensors can be sterilized with ethylene oxide
(EtO) and can be cleaned with peroxide (3% H202), soap solution
or ethanol. They carbe applied in gas phases, aqueous solutions,
ethanol, methanol and isopropanol. Other organic solvents and
gaseous chlorine (CI2) induce interferences with the sensor
reading. No crossensitivity was found for pH-14, CO2, CH4, H2S
and any ionic species

After finalization of the measurements, the sensor tip of the
oxygen sensors should be rinsed carefully with demineralized
water. In case of retractable sensors, retract the sensor tip and put
on the protective cap (PC) onto the needle to protect sensor.
Store the sensor at a dry, dark and secure place.

A signal drift of the sensor can indicate photobleaching of the
oxygensensitiveREDFLASHNdIicator, depending on the intensity
of the excitation light and frequency of measurements.

The needletype oxygen sensors are also optionally available with
optical isolation for measurements in samples with auto
fluorescence. With this optical isolation, interferences between the
REDFLASHiIndicator luminescence and autofluorescence, e.g.
from photosynthetic pgments, are reduced. However, the optical
isolation causes an increase in the response time t90, which is the
time for 90% of the total sesor signal change (see chapte®).

5.2 Bare Fiber Sensors

The bare fiber sensors are identic:
to the retractable needldype

oxygen sensors, except that they
do not cortain a housing. They
comprise only the bare optical
fiber with the REDFLASHIdicator

immobilized on the fragilesensor

12



tip. The bare fiber sensors are available both as microsensors (40
60 um tip diameter)and as minisensors (230 um, 430 um tip

diameter). They can be used with customized housing with
complex geometries or they might be inserted directly into

samples ("implantable sensors").

5.3 Sensor Spots

PyroScienceoffers a
range of contactless
oxygen £nsors N
comprising Sensor g jght
spots, sensor cuvettes souree
and flowrthrough

infrared
detector

infrared emission

optical fiber
cells. The sensor spots
are coated with the red excitation
novel REDFLASH
indicator with PET a1
foil or glass as carrier sensor spot with

material. The sensor REDFLASH dye

spots allow oxygen measurements in closed vesset®mbination
with the FireStingO2. They have standard diameters of 5 mm or 8
mm and can also be obtained with an optical isolation (black
coating). The sensor spots
have a rough sensing surfac
(SP which is whitiskgreen
and facing towards the paper
side of the packaging. he
backside BS) is smooth, shiny BS SF
and darkgreen.

The sensor spots can be glued with thiearcksideon transparent,
clean and drynner container walls (plastic or glass, wall thickness
0-6 mm) using an appropriate adhesive (etgansparentsilicone
based on acetic acjdtem no. SPGLUE After the glue has dried

13



the gas or liquidsample has to be filled into the container so that
the whitishhgreen sensing surface of the spot is completely
covered and in contact with the sample.

For containers withwall thicknesses of

0-2 mm, the Basic Spot Alapter (a

10x10x10 mm plastic cube, item nc WE6-530.19;
SPADBAS) needs to be fixed tightly c

glued tothe outer container wall at the

spot position. Then the sensor signal ca ,Jgescfe”C\E’”

be read out using th&pot Fber (item no.

SPFIB) connecting the basspot adapter y -

with the FireStingO2. For measurements

through containers withwall thicknesses of 26 mm, the metallic
Lens Spot Alapter (item no. SPADLNS) with an integrated
collimating lens has to be used instead. It comes together with a
flexible readjustable cable binder for quick positioning of spot
adapters e.g. on laboratory flasks with a maximal diametér-b0
cm. The spot adapter is then connected withe Spot Rber to a
channel of the~ireStingO2.

) -3t
RSN §

Te

It is important to fix or glue the spot adapter firmly to the outer
container wall.The position of the spot adapter should not be
changed after calibration of the sensor spot (otherwise the spot
has to be recalibrated).

14



The general characteristics, likerosssensitivity, optimal and
maximal range of measurements, limit of detection, accuracy and
resolution, are the same as rfothe needletype sensors (see
chapter5.1and12).

The sensor spots offer a versatile field of application for multi
sampling measurements and onlifraonitoring of oxygen at
greater scales. This inaes the application in e.g. respiration and
photosynthesis chambers, bioreactors, growth experiments,
studies of enzyme Kkinetics, cell biological approaches and
industrial process watemonitoring, including aquafarming,
sewage treatment and cooling wateycling.

5.4 Sensor Cuvettes

The oxygen sensor cuvettes are standal
plastic cuvettes (10x10x45 cm) with a
oxygen sensor spot glued to one side we
of the cuvette. They allow precise
contactless oxygen measurements withi
the liquid content of the cuvette A Basic
Spot Adapter (item
no. SPADBAS) has
to be fixed/glued to the outside of the
cuvette at the spot position.The spot
adapter is then connected with thé&pot
Fiber (item no. SPFIB) to a channel of the
FireStingO2

5.5 Flow-Through Cells

The flowthrough cell has an
integrated oxygen sensor spot,
allowing onlinemonitoring of the

oxygen concentration in a gas o
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liquid sample pumped through the cell. The flatwough cell can
be directly connected with th&pot Fiber(item no. SPFIB) to th
FireStingO2. The tubing has m outer/inner diameter of ca.
2/1.5mm.

5.6 Robust Miniprobe

The sensor tips of the robus
oxygen miniprobs consist ofa
stainless steel tubing 3 mm ir
diameter, and 3 or 10cm in
length (item no. OXROBS3,
OXROB10). It can besed for
long-term  measurements in
gases and liquids. Thewhole
sensor including its cabling is completely submersible in water and
specified for longtime submersion in liquid media. In contrast t
the needletype sensors, the sensitive sensor tpthe mniprobe

is protected by the steel tubing and is more robust for standard
laboratory applicationsDue tothe significantly bigger dimensions

of this miniprobe compared to our microand minisensors
diffusion limitation in liquid samples ofxygen towardsthe 3mm

tip has a measurableffect on the response timeFor optimum
operation conditionstiis therefore recommendeda utilize these
miniprobesin permanentlystirred liquids (this diffusion limitation

is neglectable in gaseous samples).

&

5.7 Connecting the Sensors

The fiberoptic oxygen sensors, including needige and bare
fiber micro and minisensorsminiprobes, as well as spot fibers

16



needed for contactless sensors (spots, cuvettes, ftavough cells)

are connected to the Stonnectors & the FireStingO2 (S1to S4)
with a male fiber plug. First, remove the protective caps from both
the plug of the sensor (see picture) and the receptacles at the
FireStingO2

Then insert the male fiber plugv) of the sensor cable into the ST
receptacle(female fiber connector) of thé-ireStingO2 and turn
the bayonet coupling gentlyclockwise until the plug is locked
firmly.

Note: Detailed sensor specifications digtedin chapterl2

17



6 4EA 31 AdesStngLAgged
This chapter destbes all functions of theFireSting Logger

software excluding the calibration. Please refer to the chapftérs
8, and9 for a detailed desdption of the calibration procedure.

6.1 Main Window

After start of the softwareFireSting Logger the following main
window is shown:

O} Firesting Logger = 9
Firesting Logger  v:x »uy ab
: wipyroscencecom PUFO
Channel 1 I Channel 2 | Channel 3 | Channel 4 | Temperature | Overview | Firmwiare 2.12
Signal Intensty I 1153 Temperature

Calibration Status
Oxygen | 78.58 raw value Sensor 1 | Not Calibrated 18.07 |'C

82+

81-]

Measurement
80~ “
lh b
2751
[ single data point
s 5
& ©) continuous
=76
o duration
75-]  —
= ,‘;fou:cu:ou
(HH:MM:SS)

73+

72~ o 0 0
1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 : s
Data Points 5.5 il
e—— 1% |
_Plot Style “J | Data Points & | Data Smoothing

e 02 (ew ke B[X[ o3

Sample Interval (s)
Lset actual

0 o g g g sotofle
Save Load Flash Raw Clear Warning: The data are currently
Setup Setup Logo Data  Charts not saved into a data file! g

The four panel€hannel 14 correspond to the channels4 of the

fiber-optic oxygen sensors connected to tlereStingO2. For the

1- or 2-channel version of the=ireStingO2, only the respective
panels will be visible.

The default sensor readings are shown r@sv value (i.e. the
uncalibrated sensor readings), which givao quantitative
information of the actual oxygen concentration.

After the activation of the respective channels in tBettings (see
chapter6.2), the sensor readings of each channel are displayed in

18



its corresponding panel in aumeric display D) and in a chart
recorder ) in the chosen oxygen unitUD). The color and
appearance of each graph can be changectligking on the color
control (CQ. The description of the sensor (as defined in the
Settings) is shown in the description displaip@). The Signal
Intensity (SI) of the oxygen sensor is showas a horizontal
indicator bar justabove thenumeric display (D). A reasonable
oxygen sensor shows signal intensities well above 50 (typically 100
1000}. If the signal intensitydrops below 50, this indicator bar
turns graduallyfrom grey to red indicating that the sensor might
get degraded soon. Most sensors will still work even at a signal
intensity of ca. 10 (yet with increased noise). But at even lower
signal intensitythe warningLow signal will appearin the warning
display(WD) (see below and chaptédi3.].

D SI  UD DD cD
NN N 1\ A
O} Firesting Logg = <
Fire ing Logger 235 (c)2012by 2
Channel 1 | 2 | Channel3 | Channel4 | Tempefature | overview | [riii: iz puUro %

Temperature

Oxygen| | 78,58 |raw value Sensor 1 | Not Calibrated 18.07 |'C

single data point
o) continuous
) duration

(HH:MM:SS)

72+ D o o i D i v i D D v | Sample Interval (s)
1150 1200 §1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750 et actual
Data Points i 1
e 1% | wanf
plot Style B8N ] | Data Points B |0 Data Smoothing
4+ U {02 (raw value) & {2 ’;,l;r3
O O O O tos orie
‘ Settings I Save] Lload Flash Raw  Clear Warning: The data are currently
Setuf Setup Logo  Data  Charts not saved into a data file!

1 Note: Exceptions are trace oxygen sensors. During the X6albration at 21% 02, these
sensors show naturally a very low signal intensity (as low as 10). But the signal intensity will
strongly increase whea trace oxygersensor is applied within its spiéied range of 810%

02.
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Note that the signal intensity can be influenced by varying LD
Intensity or the Amplification in the advanced settings (see
chapter6.2.2).

The calibration sttus is shown in a separate calibration display
(CD. As long as the sensors are not calibrated, it shdved
Calibratedand the data can only be displayed as uncalibrabeav

valued?T O “ APEE'CA|l HDBRA OABMk AAOGO 111 U
measured oxgen concentration, i.e. increasing oxygen
AT 1T AAT OOAOCETT O xEIT OAOOI Qthiel ET A

dependency is not linear and especially % O2 does not

AT OOAODBI T A O of AeraO® Arder t® AvitéhAto
guantitative oxygen unitdike hPa 019602, a calibration has to be
performed by clicking on the buttonCalibrate. The calibration

procedure is explaineih chapter?.

The plot style othe data in the chadcan be changed by different
chart tools.

PlotStyle N l [DataPoints | |*H

WD

The Plot Style of the chart displayed can be changed by clicking
with the right mouse button onto the black field of the color

control @4 opening a popup menu. WithCommon Plots Cdor,
Line Style and Width Interpolation, and Point Style the chart
appearance can be changed.

The button with the magnifying glass offers different zoom
options. After clicking the button with the hand, the user has the
possibility to click onto the chardand move the whole area while

keeping the mouse button pressed.

OSR dzABNEKXINW &K RABB&ESBRUMAKS LIKIFES EKATF
yOS tAFS GAYS YSI&adNBYSy
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There are several possibilities to change the display range of the
chart. The upper and lower limits of both axes can be changed by
clicking with the mouse onto the limit tags so that a nealue can

be entered (if autoscaling is off!). The butto:gj and 2/ provide
autoscaling for the xor y-axis, respectively. This feature can be
permanently activated by clicking on theespectivelock buttons

B By defaultonly the yaxis is in autoscale mode. The buttons

"4 and|"*¥ can be used for changing the format, precision or the

mapping mode (linear, logarithmic).
Thewarning displayWD) can show the following warnings:

Low Signal
Signal too high
Bad reference

Low signal indicates that the sensor is eitheroh connected or
needs to be replaced by a new o case of contactless sensors it
might indicate that the distance between the spot fiber and the
sensor spot is too large. (For advanced usémsrease the LED
intensity and/or the amplification the Advanced Settings

Signaltoo high requires a change of the emghmental conditions
during measurements, avoiding direct sun light exposure or
illumination with a lamp. (For advanced users: decrease the LED
intensity and/or the amplificatiorin the Advance Settingg

Bad reference indicates internal problems of thé&ireStingO2.
Please contacPyroSciencdor support.

Refer also talroubleshooting in chaptet 3.1

On the ride hand side of the main window, the actual temperature
as measured by the connected and activated temperature sensor is
shown in the temperature display'D) in the chosen unifl{UD).

The temperature can be set in tt&ettings to the unit degree
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Celsius (°C), degree Fahrenheit (°F) or KelvinNEN denotesNot
aNumber when no temperature sensor is connected or if it is not
activated in theSettings (see chapte6.2).

Temperature

TD——— 1589 ['C «——— TUD

Measurement

MSB ————FX o0 )

~single data point
(@) continuous
(' duration
DUD———> /1 00:01:00
(HH:MM:SS)
Sample Interval (s)
st actual
4 i
Data Smoothing
Log to File

so—— Lok

A Measurenent is started by clicking on the measurement start
button (MSB). The arrow in the button turns from dark green to
light green indicating that a measurement is in progre€$icking
again on it will stop the measurement.

Measurement Measurement

starl [

The mode ofMeasurement can be chosen asingle data point
acquisition,continuous sampling (default setting) or as continuous

22



sampling limited to a defined time interval. Ttauration of the
time intervd can be adjusted in the duration displdyD) shown
as hour (HH): minutes (MM): seconds (SS).

The Sample Intervalfor continuous sampling can be defined in the
field designed withset. Setting the sample interval to 0.25 will give
the maximal possible sm rate. The exact maximal rate depends
on the settings and the number of activated channels. The actual
sample interval is shown in the displagtual.

The acquired data can be smoothed byata Smoothing (range
1..10,default: 3, a value of 1 means no data smoothing). For
continuous or duration measurements with a sample interval
<10s, data smoothing is done by a simple running average (e.qg.
with Data Smoothing=5 always the last 5 sampled data points are
averaged). Howeverfor single data point measurements and for
continuous or duration measuranents with sample intervals
>10s, the data smoothing is done by averaging repetitive
measurements (e.g. witlbata Smoothing=3 for each data point 3
oxygen measurements areperformed as fast as possible
sequentially, and the average of these 3 measurements is
displayed as the new data point).

IMPORTANT By default the displayedata arenot automatically
saved to a file.

To activate data saving, click on thed start button (SB) of Log to
File. Select a file name in the appearifig dialog. The saved data
files are simple texfiles with the fileextension".txt", which can be
easily imported into common spresheet programs.

Log to File
Slg! E FE!| R‘;]v clle]ar ‘Warning: The data are currently

Setup  Setup Logo Data Charts not saved into a data file!

Thereafter, the indicator€omment and File Pathare additionally
shown in the main window. In the fieldomment, the
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measurements can be commented and this comment is then saved
together with the next data point into the data file. During data
logging, the data file can be displayed and opened by lglon

the button Show File The data saving is indicated by the light
green arrow in thegrey Log to File button and be can be stopped
by clicking this button again.

Comment Log to File
LI (TR | J

Save Load Flash Raw Clear Show File %C"‘.iempﬂes!.m
Setup  Setup Logo Data Charts. File  Path

NOTE During data logging, the buttonSettings and Calibrate
(see chapter6.2 and 7) are not active and cannot be used befare
Log to Fileis stopped again.

The button Save Setupcan ke used to the save the current
settings and alibration data. They can be reloaded anytime by
pressing the buttonLoad Setup. This allows e.g. to switch
between different laboratory setups with a singkéreStingO2.
This function might be also useful, if different computers are used
for the calibration and for e actual measuremenisYou might
calibrate the sensors with the ir§t computer, save the
configuration with Save Setup By transferring this file and also
the oxygen metelriresting O2o a second computer, you can load
there again this configurationwith Load Setup giving you
calibrated sensors immediately ready foredtmeasurement.

Note, that all current settings and calibration data are
automatically saved when closing theireSting Loggersoftware
(by clicking on the cross in the upper right corner of the main
window after finalization of the measurements), and theye
automatically loaded again at the next startup.

The buttonFlash Logoinduces a flashing of the logoreStingO2
on the correspondingFireStingO2 meter. Several FireStingO2
meters can be connected to the PC in parallel and multiple
measurements caitbe performed by opening th&ireStingLogger
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software a number of times corresponding to the number of
connected FireStingO2 The different windows operate
completely independent of each other and are assigned to exactly
one FireStingO2. This allows measements in different setups at
the same time. The flashing of the logo (for ca. 1 sec after pressing
the button) can help to assign a specific logger window to the
corresponding=ireStingO2meter (more details see chaptdr3.3.

Clicking onRaw Dataopens a popup windowFireSting Raw Data
which is described in chapt@s.

Clicking onClear Chartswill clear the charts in all panels. This will
not affect the saved data in the data file.

6.2 Settings

In the settings the user has to defifer each channe(1) tre
measuring parameterand (2) also the environmental conditions
of the sample under investigation

Settings canonly be adjusted if data logging isot active.

To open thedialog windowFireSting Settings click onSettings in
the Main Window:

Each oxygen channel of theireSting O2 has its own tab in the
settings window. By clicking o€opy these Settings all settings
adjusted in the active channel tab can be pasted to all other
channels.

The channels can be activated independently by clickimgthe

button Active. Activation is indicated by changing from dark to

light green of the arrow in the button. A text for describing the
AEATTAI 80 Appi EAAOEIT AOOET ¢ OEA
the Description display. This description will be showabove the

charts in the main windoyDD) and also in the data file.
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The units of oxygen concentration can be selected for each
channel by the selector Units. The selectable units include raw
valué® (default), % air saturation, % fQgas),ml L'}, pmol L}, mg L

L (ppm), hPa, Torrdphiand pg L* (ppb). For detailed information
refer to the chapterd3.2and13.9.

11

NOTE The Charts ar@automatically cleared in the panels of th
Main Window after the Settings have been modified
Readjustments in th&ettings might require also a recalibration ¢
the sensor(s).

=h
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6.2.1 Basic Settings

The settings mode has to be chosen Basic or Advanced The
first time user is advised to work with tHgasic Settings If Basicis
chosen, the sensor code attached to the sensor labd entered
into the fieldSensor Settings A detailed explanation of the sensor
code is given in chapter3.6

Please take care that the sensc e it th e e
code of the sensor connected to attached to the sensor
specific channel of thé&ireStingO2 [7[7}7’-{?,&‘5-5[65
meter is entered in the same channe
panel in the windowSettings. It Measuring Mode
includes information for optimal L ; { 0 i
sensor settings andor calibration hidﬁﬁz d:uu 4 msm
data needed dr the factory andhe

1-point calibration. A sensor description ithen displayed below

the Sensor Settings Normal Range O2 - High Speed Minisensor - Brown Fiber

The Measuring Modecan be adjusted gradually between low drift
(1) and low noise (5) of the sensor signal by moving the arrow with
the mouse alongthe scale, thereby changing the oxygen
measuring time. An intermediate mode (3) is default.

NOTE The chosen oxygen units are only displayed in thats
Display of a channel panel of th®ain Window after asuccessful
calibration of the respective sensdensure that the correctensor
code has been enteredf the sensor is not yet calibrated, either
OEA O1 EOO OO0OAx OAI OA6 10O OADPEES®G

6.2.2 Advanced Settings

If Advanced Settingsare chosenmore complex settings controls
get visible.In order to get agood starting point for the advanced
settings, you should first go to thBasic Settingsand enter there
the Sensor Codeand thepreferred Measuring Mode. If you now

change to theAdvanced Settings the Advanced Settings will
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reflect exactly the measuring conditions as defined in tBasic
Settings.

The first letter of the sensor code
attached to the sensor cablel sensor Type ‘) e
defines theSensor Type(e.g. R

LED Intens Amplficati
stands for Normal rangeO2- ntensty  Amplfication

d_f L.t

- _ 10% —|  200x <%
Minisensor-Brown FiberJand has
. . Oxygen Measurin f. default
to be adjusted accordigly. O e (ms) A0 o

MNormal Range O2 - Minisensor - Brown Fiber
For contactless sensar(e.g.
sensor spots, flow-through

cellswith the Sensor Type S sensor Type - oo
or V\b, _a BaCkg round LED Intensity Amplification
Compensation  can be 10% | 200 |t
actlvaf[ed o!otlonally by T e "lw— defack
checking the little square. The Time (ms) 10 ms
background compensation is [Background Compensation

described in detail in chapters nermal rangs ©2 - Standard S=nsor Spet - Biack Fiber
7.5and9.2.

The Advanced Measuring Parameters comprise the LED
Intensity for excitation of theREDFLASH indicato(in %)andthe
Amplification of the sensor signa{default: 20x). As a rule of
thumb, the LED Intensity should be 180% for microsensors,
minisensorsand miniprobes but can be increased up to 100% for
contactlesssensors. Tie Amplification should be typically chosen
as 80x, 200x or 400Note, that varying the LED Intensity and the
Amplification has diret influence on the signal intensity and
therefore on the signato-noiseratio (see chapte6.1).

The Oxygen Measuring Time (default D ms) defines the

integration time for the acquisition of a single data point. Shorter

measuring times provide low loRterm drift, whereby longer
28



measuring times assure less noiSéhe maximalpossible value is
200ms.

NOTE: The use of theAdvanced Settingsnecessitates &-point
calibration of the oxygen sensor. Later readjustments in the
Advanced Settings might require alsoa recalibration of the
sensor.

6.2.3 Environmental Conditions
The next step is the
determination of the | Temperature Sensor
Environmental Conditions @) Const. Temp. (C) *20.0
in the Sample, in which the =
oxygen measurements will i+~ Atmospheric

11013

r“'!

be performed. It needs to be| | fressure (mban T
() Elevation (m) 1100

selected if the temperature above sea level
will be determined by the salinity (g/1) Hoo
Temperature Sensor :

connected to theFireStingO2 or if measurements are performed
under aConstant Temperature(see also chaptetQ).

If Temperature Sensor is selected, automatic temperature
compensation of the respective oxygen sensor readings is
activated (see chapterl0.2. Please note that ifTemperature
Sensor is chosen in one of the 4 oxyge@hannel panels of
FireSting Settings, the temperature sensor connected to the
FireStingO2is automatically activated in th&@emperature Panel
(see chapteh.2.4).

Please ensure that the temperature sensor is fixed in the container
containing the samplein which the oxygen measurements with
automatic temperature compensation will be performed.

If Fixed Temperature is chosen, the temperature of the
environmental sample has to be determined with an external
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thermometer or with a temperature sensor fronPyroScience
connected to theFireStingO2and has to be adjusteshanually.

The Atmospheric Pressure(mbar) should be determined with a
barometer and changed in the software under conditions of
increased/decreased pressures, e.g. if measurements are
performed in locations above or below sea level. Normal
conditions refer to 1013 mbar (default setting).

If the actual atmospheric pressure cannot be determined on site, it
is also possible to enter thElevation in meters (m)above sea
level. For this click orElevation and enter the actual elevation.
This procedure will only calculate the average atmiosgpc
pressure for this elevatigriherefore this option is less precise than
measuring the actual atmospheric pressure.

The Salinity of the environmental sample (in g%, in which the
oxygen measurements will be performed, needs to be adjdste
e.g. in case of saline watdfor measurements in gaseous samples
this value has no relevance.

6.2.4 Temperature Settings

The temperature sensor corected to the FireStingO2 can be
independently madéActive in the panelTemperature, even if the
oxygen measurements of all sensors are performed \@tnstant
Temperature (and hence are not affected by the temperature
sensor measurements). After activation, the measured
temperature is displayed in th&emperature panel (see chapter
6.3 andOverview panel (see chaptes.4) of the main window and
saved also into the data file.

The temperature units can be adjusted imits of degree Celsius
(°C;default setting), degree Fahrenheit (°F) or Kelvin (K).
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The Temperature
Measuring  Time
(default D0 ms;
only multiples of
100ms possible) can
be optionally (a)
increased in order
to reduce the noise
of the temperature
measurement or (b)

decreased in order |\

O Firesting Settings

Channel 1 | Channel 2 | Channel 3 | Channel 4 | Temperature | Options

Active Units
C_> Temperature Sensor 'C
Temperature :
Measuring 300 Default: 300
Time (ms)
Manual Offset ('C) E?W Default: 0
Copy thase Set:mgs[

to achieve higher sampling rates.

A Manual Offsetmight beentered for possible recalibration of the
temperature sensor (default: 0)

6.2.5 Optional Settings

The panelOptions is only for advanced users Here the USB
communication speed can be adjusted e.g. for improving the
maximum sampling ratédefault: 19200)Activation of the button
Enable High-Speed Samplingwill enable the adjustment ofa
Sample hterval <0.25 s in the main windovClicking on theFlash
button of Flash Settings and Calibration will save the current

Settings and
Calibration  data
into the flash
memory of the

FireStingO2.  This
isonly relevant for
OEM modules or
third -party
software.

O Firesting Settings

Channel 1 | Channel 2 | Channel 3 | Channel 4 | Temperature Options |

Only for advanced users!

Enable High-Speed Sampling

USB communication speed
19200 Defout: 19200

Flash Settings and Calibration

(|
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6.3 Temperature Panel

In the Temperature panel of theMain Window the measured
temperature of the connected and activated temperature sensor
can be displayed. The temperature unit can be chosen in the
Settings in degree Celsius (°@efault setting, degree Fahrenheit
(°F) or Kelvin (K).NaN denotes Not a Number when no
temperature sensor is connected or the sensor was not activated in
the Settings.

O Firesting Logger = 2

Firesting Logger v @©xuuky ’??q
- wnvpyro-zcencecom DLJFO
Channel 1 | Channel 2 | Channel3 | Channel4 Temperature ] Overview | Frvees 212
Temperature
Temperature 17.98 IT

20+

Measurement

stop

single data point
© continuous

Temperature ('C)
=

170

duration
+J00:01:00
(HH:MM:SS)

16-7 0 D i | | D i D T Sample Interval (s)
7982 8050 8100 8250 8300 8350 8400 8450 8500 8582 i actual

Data Points 4025 1126

= = o [ [na
Potstyie B | Ipataponts & [uE|nu SR
4[5 | I | Temperature & 4|y 1;23‘3
[ {OT (R ([T, -
Save load Flsh Raw  Clear Warning: The data are currently
Setup Setup logo Data Charts not saved into a data file! ey

Please note that eaclrireStingO2 meter provides only aingle
port for a temperature sensor. FoAutomatic Temperature
Compensation (see chapter6.2) of >1 oxygen sensor, all sensors
connected to the selected channels with automatic temperature
compensation have to measure at the same temperature
condition, as determied with the connected and activated
temperature sensor (see also chapti).
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6.4 Overview Panel

The sensor readings of all activated ygen sensors and the
temperature sensor are graphically displayed in the panel
Overview. Each channel reading is shown also as a numerical value
in the cheen unit The plot style of each channel in the chart can

Style and Width, Interpolation and Point each plot in the chart can
be changed. The items Bar Plot, Fill BaseLine, arfsc®le are not
appropriate for this application.

O Firesting Logger = =
Firesting Logger v @ty (o ')N
Channel 1 | Channel 2 | Channel 3 | Channel4 | Temperature Overview ‘ it pg
Temperature
Overview =
S 18.93|'C
chi| 101.7 |% ar sat.
ch2| 21.00 |dphi |
c3|  NaN {raw value Measurement
Cha ﬁuau ]mw value (_stop )
channel 1 B8N single data point
channel 2 [N oic
channel 3 ER%4 duration
21+ i
Channel 4 %4 £100:01:00
o) MM
Temp. = (HH:MM:SS)
2 Sample Interval (s)
E st acual
B o5 0.86
& J,
&
Data Smoothing
17 - v I 0 D 0 0 A3
651 700 800 900 1000 1100 1200 1251 4
LI (U T { ssatefle
Save Load  Flash Raw  Clear Warning: The data are currently ( start .b
Setup Setup Logo Data  Charts not saved into a data file!

6.5 The Raw Data Window

The Raw Data Window is only intended fioouble shooting, not
for use during normal measurements. After clicking on fRaw
Data button in the Main Window (see chaptei6.1) the following
FireSting Raw Data window opens:

NOTE: While the Raw Data window is opened, all raw values|are
additionally saved into the data file iadditional columns behind
the standarddata columns
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The panels of each channeClfan 14) show the phase shift as
"delta phi" @phi, in °).dphi is the actual measured raw value which
is used for the internal

calculation of the oxygen

concentration 02 (uUM)

oxygen partial pressur®?2

(hPa)and % air saturation

02 (% air sat)(see also

chapter13.2.

The temperature measured
by the temperature ensor

and the internal

temperature  in the

FireStingO2meter are also
displayed.

The Signal Intensity (in

mV) gives a measure of the

guality of the oxygen measurementwhich is also displayed the
horizontal bar indicator in the main windo{gee chapte8.1).

Ambient Light (in mV) gives a measure of the ambient light
entering the sensor from outside. At too high ambient light levels
the detector of theFireSting O2 might get saturated giving the
warning Signal too high in this window andn the warning display
of the main window (see chaptér1).

On the left side, different warnings can be indicated by the
software concerning the signal and reference intensity (too low,
too high) and the detection of the temperature sensor.
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