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BPC®BlueHandbook

BP®BIluelnstrument Overview

The perfect tool for determining the biodegradability of materials

A fully automated, analyticadlatform designedo easily,
accurately and efficientlyneasure the gas flow and
volumegeneratedor consumediuring

fermentationor biologicalrespiration processes.

Its userfriendly software makeghe online

monitoring and control of the experiments possible
throughanysmartphone, tabletpr computer anywhere
and at anytime.

It provides reakime kinetic information and the level of
biodegradation of polymers under aerobic or anaerobi
conditions. This evaluation can be performed considel
different enviroments following specific procedures in

accordance with various international standard methot

0 BPC INSTRUMENTS

BPC Blue Premium

18 independently operating reactors each connected to 18 Flow Cell Units for simultaneous gas
volume detection, suitable for both Aerobic and Anaerobic biodegradability tests
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BP®BluePremium*

A Specially designed to perform tesiader both
aerobic and anaerobic conditions

A It allows users to measure (fbxygen consumptioror
(2) biogas productionas a function of time

A Complemented with an agitation system allowing for
the option of static or dynamic incubations

A Anexsitu CQ absorption unit is also provided for
single gas measurements (ex. methane) under
anaerobic conditions

* Avalable also in a Light (9 channel) configuration

0 BPC INSTRUMENTS

Incubation unit with reactors equiped
with an agitation system and a gas
(CQ) absorbtion attachment

Exsitu CQ Absorption Unit Detection Unit

= /__. L_
T=" e
Oxygen bags FlowCellUnits Stirrers

BPC Blue Premium

18 independently operating reactors each connected to 18 Flow Cell Units for simultaneous gas
volume detection, suitable for both Aerobic and Anaerobic biodegradability tests
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Biodegradability Norms and Standards

Determine the biodergradability of a material according to a large number of standards:

Anaerobic biodegradability

A 1SO 14858 ultimate anaerobic biodegradation of plastic materials in an aqueous system

A 1SO 13975 ultimate anaerobic biodegradation of plastic materials in controlled slurry digestion systems

A 1SO 15985 ultimate anaerobic biodegradation and disintegration under ksghids anaerobic digestion conditions
A 1SO 11734 ultimate anaerobic biodegradability of organic compounds in digested sludge

A ASTM D551 anaerobic biodegradation of plastic materials under ksglids anaerobic digestion

A ASTM D521 anaerobic biodegradation of plastic materials in the presence of municipal sewage sludge

A ASTM D5526 anaerobic biodegradation of plastic materials under accelerated landfill conditions

A OECD 31& anaerobic biodegradability of organic compounds in digested sludge

Aerobic biodegradability

A 1SO 1485t ultimate aerobic biodegradation of plastic materials in an aqueous system

A 1SO 17556 ultimate aerobic biodegradation of plastic materials in soil

A 1SO 1883@ aerobic biodegradation of nefloating plastic materials in a seawater/sandy sediment interface
A 1SO 23972 ¢ aerobic biodegradation of plastic materials exposed to seawater (part 2)

A OECD 304 ready biodegradability of chemical materials in aerobic aqueous medium

Y BPC INSTRUMENTS
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Detection Unit: Working Principle

Gasis collectedunder a flow cell in a chamberfilled with water.
While the flow cell is in its horizontal sitting position, a magnet
locatedat its endis in contactwith a sensormelowit.

Once a certain gasvolume (i.e., 2 or 9 mL dependingon the
measurementesolution)hasbeencollectedin the FlowCellUnit
(FCU)xhamber,the force of buoyancyleadsthe flow cellto open
andreleasethe entrappedgas

The systemcounts each flow cell opening while registeringthe
environmentaltemperatureand pressure Thisinformationis then
usedto calculateand normalisethe gasflow rate and volumeto
standardconditions(i.e., 1 atm, O cC,and zeromoisturecontent).

Flow Cell Opening

0 BPC INSTRUMENTS
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Flow Cell Unit

w Flow Cell Units (FCUs)are available in different measurement
resolutions,9 and 2 mL,for low andultra-low gasmeasurements

w FCUganbe easilyremovedfrom the detectionunit, replacedand

placedback

Standard BPC Core Blue detection unit (18 channels)

9 mL 2 mL

Flow Cell Unitare filled with a low amount of water and provide a closed system. This
way, they can detect even the gases with high solubilities in water (e.g., b©@3s,

R Outlet for gas that
level lines indicat- Inlet for gas entering into
;gaglt:;c :ve en?egci;::;_ Ghe flow cell unit. have been measured.
imum and minimum - :
amount of water the flow \ 4

cell unit should contain.

\{

Max

Min

' Flow cell (9 ml in illus- ) : . .
Magnet used to detect flow tration) used for captur- | *° Location where the_ gas enters into
cell openings. ing gas before release. the water before being trapped and
measured in the flow cell.

Y BPC INSTRUMENTS
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BPCBlueAerobicBiodegradabilityc How Does ItWork?

A small amount of sampleand aerobicinoculum are addedto the
reactorandincubatedat the desiredtemperature

[

<]
100 ml l

Gas bag filled with Oz

Dependingon the type of fermentation medium in the reactor, an
agitatorcanbe usedfor mixing

CO:z is absorbed in a NaOH
solution, resulting in a negative
pressure inside the bottle

The reactors are equipped with in-situ gas absorption attachment

(GAAuNits placedabovethe headspacef the reactor —

| 1
J \

t

CO:
! t

Negative pressure induced by CO2

absorption, the Oz is displaced
The CQ producedin the bioreactorsis continuouslytrapped by the from the gas bag \
alkaline solution from GAA which creates an under
pressure Thisfurther drives an additional flow of oxygenfrom the

The flow cell is opened, -

gasbagto the reactor, re-equilibratingthe pressure allowing trapped gas
to be released —_|

L ¥

Microbes degrade the material
in the presence of oxygen,
simultaneously producing CO2
and H20

Thus,the flow measuredby the detection unit is proportional to the °

The opening is detected 1 }

volumeof oxygendemand/consumedluringthe process and utllsed to calculzts

the volume of gas

Oz collected under flow cell

Reactor bottle with
inoculum and sample

0 BPC INSTRUMENTS
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BPCBlueAerobicConfiguration

UNITA: INCUBATIONNIT

This is where the biodegradationprocesstakes place The provided 18 (1 L) or 9 (2 L)
bioreactorsare to be filled with your inoculumand sampleand placedinto the thermostatic
water bath. Ourthermostaticwater bath allowstemperature control up to 60 °C It is provided
with alid to minimizewater lossandensurestabletemperaturecontrol.

Eachreactor can be equippedwith a brushlessDCmotor that ensureswell-mixed content. A
motor controller providesthe power via motor cables where all the motors receivethe same
iInformation.

UNITB: CQ ABSORPTIOAT TACHEMENIN-SITUY

CQ is producedin the biodegradatiornprocessandis absorbedby an alkalinesolution (3 mol/L
NaOH)in the in-situ CQ absorptionunit on top of the reactor Thischemicalremovalof CQ
createsa negativepressurein the reactorbottle, which becomeshe drivingforce for a flow of
oxygenfrom the gasbado the reactorin order to re-equilibratethe pressure

UNITC BPCCOREDETECTIONNIT

Thisis wherethe consumedoxygenis recordedandprocessedThisunit consistsof 18 or 9 flow
cellunits (FCUs]Jor simultaneousgasvolumedetectionfrom 18 or 9 independentlyoperating
reactors Thegasentersthe flow cellunit whereit is beingmeasured Datais stored directlyon
the coreunit andcanbe accessedhrougha computeror internet connection

ADDITIONACOMPONENDXYGEISUPPLIEBAGS

Threegasbagsare providedthat canbe easilyfilled with oxygenfrom a standardgastank for a
continuousoxygensupply

o BPC INSTRUMENTS

Unit A -

Default version (18 reactors)

ST
oy

Light version (9 reactors)
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Technical specifications

Incubationunit: Operationmode:

Thermostaticwater bath with either 18 x 1000 mL, or 9 x 2000 mL (Light) Batchaerobictest
reactors Temperaturecontrol up to 60°Cwith a precisionof 0.2 °C

Agitation system

Gasremovalunit: 18 or 9 brushless DC motor-driven stirrers (up to 200 rpm).
In situ selective chemical absorption unit with 18 or 9 gas absorption Multifunctional mechanicabkgitation with adjustableinterval, speedand
attachment(GAAnits. rotation directions

Gasdetection unit: Software

BPCBIlue Core unit with 18 or 9 flow cell units (FCUs) Build in sensors PreinstalledAurorasoftware Accesseavith web browser,no installation
temperature,pressure hall, accelerometerlt featuresan OLEscreenthat can or internet connectionnecessary*

display the IP addressof the instrument, version of the software, current

environmentalparameters(temperatureand pressure)and if the instrument Datastorage

Is horizontallylevelled Locally

Measurementresolution:
2 mLor 9mL

* connection required for remote access

Y BPC INSTRUMENTS
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Delivery Check

BPC Blue Aerobic Standard

Unit A¢ Sample incubation unit

1 Thermostatiovater bath & 1 basetray

1 Thermostatiovater bath lid for 18 reactors(1L)

18 Glasgeactors(1 L)

18 BrushlesCmotors

15 BrushlesCmotor cables250mm
3 Brushles©Cmotor cables500 mm
1 BrushlesCmotor cable1500mm
1 Motor controllersignalcable

18 Axiscouplingsfor brushles®Cmotors
18 StirrersGL45 (1 L) standard

1 BrushlesCmotor power splitter

1 Motor controllerunit (MCU)

1 MCUpower adapter

18 Pushin valves6 mm

Unit B ¢ CQ absorptionunit

18 Gas absorption attachment (GAA) units
4 Funnels for GAA

o BPC INSTRUMENTS

Unit C¢ BPC Core Unit

1 BPC Core

18 Flowcellunits (FCUs)
36 Checlkvalves

1 Plasticsyringe

1 Main unit power adapter
1 Ethernetcable

Other components

1 Festotubing50 m

1 Funnel

18 Tubingstoppers

1 Gasdistributionmanifold3 Mk 2
36 Pushin connectorss mm

6 Softbinders7/180mm

18 Multi-colouredmarkerclamps
3 Gaddistribution manifoldsé Mk 2
1 Bottle/tube openingtool

3 Gasbags

FCUsolumesheet

BPC Blue Aerobic Light

Unit A¢ Sample incubation unit

1 Thermostatiovater bath & 1 basetray

1 Thermostatiovater bath lid for 9 reactors(2 L)

9 Glasgeactors(2 L)

9 BrushlesCmotors

6 Brushles®Cmotor cables250mm
3 Brushles©Cmotor cables500 mm
1 BrushlesCmotor cable1500mm
1 Motor controllersignalcable

9 Axiscouplingdfor brushlesdDCmotors
9 StirrersGL45 (2 L) standard

1 BrushlesCmotor power splitter
1 Motor controllerunit (MCU)

1 MCUpower adapter

9 Pushin valves6 mm

Unit B ¢ CQ absorptionunit

9 Gas absorption attachment (GAA) units
4 Funnels for GAA

Unit C¢ BPC Core Unit

1 BPC Core

9 Flowcellunits (FCUs)
18 Checkvalves

1 Plasticsyringe

1 Main unit power adapter
1 Ethernetcable

Other components

1 Festotubing50 m

1 Funnel

9 Tubingstoppers

18 Pushin connectorst mm

3 Softbinders7/180 mm

9 Multi-colouredmarkerclamps

1 Bottle/tube openingtool

4 Gasdistribution manifolds3 mk 2
3 Gasbags

FCWolumesheet
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Step 3:Prepare 3 mol/L NaOH alkaline solution with pH indicator (100 mL/reactor)

Setting Up The Instrument

NaOHsolution preparation:

Step 1:Unpack and place the thermostatic water bath and detection unit on a 4 BN el EeemoLe e s pelistisee e e

flat, level surface. U Mix NaOHpelletswith distilled water. Dueto heat generatedby the exothermic
reaction,we recommenadyou do this slowlyandin stagesuntil NaOHdissolves

U Whenthe NaOHis completelydissolved,add the remainingamount of water
until the total volume (1.8 or 1.8 L)isreached

-
1.8 L 216 g
0.9L 108 g
Thermostatic water bath for temperature Detecti "
control of the process election tni Prepare0.4%thymolphthalein pH indicator solution:
Step 2:Remove the blue plastic protection on the thermostatic water bath lid, ( Dissolve40 mg of thymolphthaleinin 9 mL ethanoland 1 mL of water (total 10
mount the legs and handles and place the tray on the bottom and the lid on top mL)

of the thermostatic water bath U Mix it with the 3 mol/L NaOHsolution

Thymolphthalein
(pH indicator)

below pH 9.3  above pH 10.5

o = [CCHIN

Thermostatic water bath tray (place on bottom) Thermostatic water bath lid for 18 bottles

Indicator acid (colourless) Indicator base (blue)

a O
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BPC BlueAerobicBiodegradability

Setting Up The Instrument

Step 4:Prepare the reactors. Step 4.1 Assembleghe DOmotorizedstirrer. If you are not using agitation, skip this step.

This step involves:

1. Assembling the motorized stirrer (if using dynamic incubation)
2. Filling the GAA with alkaline solution

3. Attaching the GAA and motorized stirrer to the reactor

e ————— - —

<

(o]

=

o

=

\4

r—
—

MOtOI' aXIS ....................

Axis coupling "°°

Stirrer
tubing

I Stirrer axis “tttt[ttUtUtUUtUUtteetCtY

L________

Connect the axis coupling Connect the stirrer \I
to the motor axis axis to the motor e = = = -

Note: The motor axisand the stirrer axis should meet in the middle of the axis couplingl
(WITHOUTTOUCHING])f the stirrer axis puts tension on the stirrer tubing, it might, over
time, drill a hole through the bottom of the stirrer and compromisethe air sealof the setup

Gather these components Prepared reactor (add your sample Approximately5 ¢ 7 mm between the two metal shaftswithin the axiscouplingisideal.
in the bottle beforehand)

a O
¥ BPC INSTRUMENTS 14
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Setting Up The Instrument

Step 4.2Fill the GAA with alkaline solution (3 mol/L NaOH)

Gas Absorption Attachment (GAA) Connect the provided funnel
to the GAA

Carefully add the alkaline solution
previously mixed with pH indicator until
the 80 mL marked level on the GAA.

Remove the funnel from
the GAA

GAA with NaOH solution

&Y BPC INSTRUMENTS
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Setting Up The Instrument

Step 4.3:Add the sample and attach the GAA. Attach the
motorized stirrer to the reactor if performing dynamic incubation.

Add your sample (examplé).funnel is
provided to aid with the addition of samples
in the bioreactor.

Connect the GAA to the reactor

Note: Ensurethe mixture of substrate| | Note: Make sure that the GAAIs
and inoculum is well-mixed before| | very well attachedto the reactorin
closingthe reactor order to avoidgasleakage

) i
|
& " - "I“

Attach the stirrer on top of the GAA  Add the bottle nut to hold the Attach the motorby placingit on thetop,
stirrer in place with the metalrod goinginto the

bioreactorand fitting into the stirrer.

If performing static

incubation with no

agitation, use just a lid|

with 2 ports instead of
the stirrer.

- /,' i

Adthe bottle nut

Add a lid with 2 ports

&Y BPC INSTRUMENTS
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Setting Up The Instrument

Step 5:Add a piece of tubing and to a pushvalve and attach it to one of the 2 ports Step 6 Place the bioreactors inside the thermostatic water bath. Fill the

on the reactor lid. A tubing stopper could be also used instead of the-jpughive. The water bath with distilled water until it reaches the lid.
other port is the gas inlet.

NOTECheckhe water levelin the water bath periodically

BPC INSTRUMENTS

@,
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Setting Up The Instrument

Step 7:Connect motor$o each other yiabrushless DC motor cables) and

the motor control unit (if using agitation) Settingup the agitation system

U Connectthe short motor cables(250 mm) in seriesc leavingone port free on the
first and last motors in the chain Seethe imagefor a motor cable management
guid

U Connectone longermotor cable(500 mm) to the first motor and one longercable
to the lastmotor in the chain,andconnectthem to the motor power splitter

U Usethe 1500mm motor cableto connectthe motor power splitter to the motor
control unit (MCU)

U Connecthe signalcablefrom the motor controllerto the detectionunit

U TheMCUshouldalsobe connectedto a power supply

Motor Controller Unit Timer | Time (s)
position
blog:ro::Ncess

B PR T

9

15
30
45
60
120
300
600
1800
3600

Timer
control
Auto On/Off (motor

On/Off directions)

NOTE Make surethat the power adapterfor the motor controller is disconnectec e ok
from the power supplywheninsertingor removingthe motor cables o

Motor cable
connector

O 00 N O 1 A W N = O

Signal control (top) /
Ground (bottom)

0 BPC INSTRUMENTS
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Setting Up The Instrument

Step 8:Fill the flow cell units (FCUs) with distilled water.

Adjustable feet

,f!
Npya— b,

Each individual FCU has an inlet Use the syringe to add wateia The water should be added until the

and an outlet for the gas. the inlet of the FCU. recommended level is reached. Make sure that each ECU is level on

the core unit and seated correctly.

Check the FCU indicator or damilt-in
levelling tool.

Use theadjustable feetto level the
detection unit.

q o
?® BPC INSTRUMENTS e
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Setting Up The Instrument

TIP:Cut 36 (BPC Blue Aerobic) or 18 (BPC Blue Aerobic Light) pieces of Festo tubing
sufficient in length to connect the gas inlet of each reactor to the corresponding

_ _ _ FCU. In order to simplify this procedure, use pusbonnectors (two per channel

Step 9:Attach tubing between the reactor and detection unit. provided with the instrument. To avoid water flowing back from the detection Uinit

to the gas bag, check valves can be inserted close to the inlet of each FCU in order
to the target substance flow in one direction only.

~—
Gas bag filled with Oz
COz is absorbed in a NaOH pe) (
solution, resulting in a negative 0&,} )
pressure inside the bottle 5 \q 7
% ’
%, Check valve
S

Use the softer binder to group tubing of channels that are related to each other. In
order to easily identify each channel, add the matiloured marker clamps (two

per channel) provided in different colors. Mark each channel by writing the proper
description using a ballpoint pen, watbased pen, marker, etc.

Negative pressure induced by CO:
absorption, the Oz is displaced
from the gas bag

The flow cell is opened, -
allowing trapped gas

to be released —_

Microbes degrade the material
in the presence of oxygen,
simultaneously producing CO:
and Hz0

The opening is detected _{
and utilised to calculate
the volume of gas

0z collected under flow cell

Reactor bottle with
inoculum and sample

Connects the outlet of the FCU to the inlet of the reactor. Make AN
sure to properly mark the reactor to the corresponding FCU. Soft binder Multi-coloured marker clamps

a O
¥ BPC INSTRUMENTS 20



BPC BlueAerobicBiodegradability

Connect the gas distribution manifold (6) to the gas bag. The gas distributign
manifold allows one single stream of oxygen to be divided into six different

Settl n g U p T h e I n Stru m e nt streams.In this case, 3 gas bags are required to get 18 streams of oxygen t¢ be

connected to 18 FCUSs.

In order to avoid backflow of water from the FCU to the gas bag, the gas bags
Step 10Fillthe providedgas bagsvith oxygen. should be hanged as illustrated in the pictures. 1

RN

vvvvvv

A ! [ 4 { o f N
iy W AT I o
W Bl g R BT d {
b i .I'&IIA‘ 2 l’j’. "‘ Tt L '-" ‘ /Ir . 1 Bt Ly "l’v" r A AX

Fill up the gas bag using an oxygen cylinder Avoid overinflating the bags as this can
equipped with a pressure regulator impact the data registration

“ ®
® BPC INSTRUMENTS -
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Setting Up The Instrument

Step 11.Connectinghe gas bag to theCUs

————
E———

B

Final setup in the lab. Image showing BPC
Blue Aerobic with static incubation

\

Make sure all the connections are tight in order to
avoid any leakage.

q E
¥ BPC INSTRUMENTS o
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BPC BlueAnaerobidBiodegradability

BPCBlueAnaerobicBiodegradabilityc How Does ItWork?

Multifunction agitation system enables

. ] effective and precise mixing in the
The systemoperateson a mechanismbasedon biogas(CH + CQ)  vabefortsking sampies and s

flushing gas to make

meaSU rem entS headspace anaerobic

C0: and CH4 going to
detection unit

/

Underanaerobicconditions,biodegradablematerialsare converted
iInto methane(CH), carbondioxide(CQ), water (H,O)andbiomass

TheCH, and CQ producedin the bioreactorgoto the detectionunit, Agitation system ensures
into the flow cell unit where the volume of produced gas is ges-tightmbing

measured

Flow cell urit

i

Gas out

\

The recordedvolumescan be adjustedin the software to account
for variations in temperature, atmospheric pressure and water
Vap O r Under anaerobic

conditions, the sample
undergoes degradation,
resulting in the

Thebiodegradatiorrate andkineticsof the processcanbe visualised Production of COxand
In the software

The flow cell is opened,
allowing trapped gas
= tobe released

|~

kj

The opening is detected
| ,/ b and utilised to calculate
. the volume of gas

Gas collected under flow cell

Reactor bottle with
inoculum and sample

a O
¥ BPC INSTRUMENTS Y



BPC BlueAnaerobidBiodegradability

BPCBlueAnaerobicConfiguration

UNITA: INCUBATIONNIT

Thisis where the biodegradationprocesstakes place The provided18 (1 L) or 9 (2 L)
bioreactorsareto be filled with your inoculumandsampleandplacedinto the thermostatic
water bath. Our thermostatic water bath allows temperature control up to 60 °C It is
providedwith alid to minimizewater lossandensurestabletemperaturecontrol.
Eachreactor is equippedwith a brushlessDC motor that ensureswell-mixed content. A
motor controller providesthe power via motor cables,where all the motors receivethe
sameinformation.

UNITB: BPCCOREDETECTIONNIT

Thisiswhere the biogas(CH + CQ) is recordedand processedThisunit consistsof 18 or 9

flow cell units (FCUsJor simultaneousgasvolume detection from 18 or 9 independently
operatingreactors Theproducedgasentersthe flow cell unit whereit is beingmeasured

Datais storeddirectly on the core unit and canbe accessedhrough a computeror internet

connection

o BPC INSTRUMENTS

Unit A Unit B

\»\~§
-

Default version (18 reactors)

Light version (9 reactors)

25



BPC BlueAnaerobidBiodegradability

Technical Specifications

Incubationunit: Operationmode:

Thermostaticwater bath with either 18 x 1000 mL, or 9 x 2000 mL (Light) Batchanaerobiaest
reactors Temperaturecontrol up to 60°Cwith a precisionof 0.2 °C

Agitation system

Gasdetection unit: | o 18 or 9 brushless DC motor-driven stirrers (up to 200 rpm).
BPCBIlue Core unit with 18 or 9 flow cell units (FCUs)Build in sensors Multifunctional mechanicabkgitation with adjustableinterval, speedand
temperature,pressure hall, accelerometerlt featuresan OLEcreenthat can rotation directions

display the IP addressof the instrument, version of the software, current
environmentalparameters(temperatureand pressure),and if the instrument

C Software
IS horizontallylevelled

PreinstalledAurorasoftware Accessedavith web browser,no installation

: or internet connectionnecessary*
Measurementresolution:

2mLor9mL Datastorage

Locally

* connection required for remote access

Y BPC INSTRUMENTS



BPC BlueAnaerobidBiodegradability

Delivery Check

BPC Blue Anaerobic Standard

Unit A¢ Sample incubation unit

1 Thermostatiovater bath & 1 basetray
1 Thermostatiovater bath lid for 18 reactors(1L)

18 Glasgeactors(1 L)
18 Brushles®Cmotors

15 Brushles®Cmotor cables250 mm
3 Brushles® Cmotor cabless500 mm
1 BrushlesCmotor cable1500mm

1 Motor controllersignalcable

18 Axiscouplingsfor brushles®Cmotors

18 StirrersGL45 (1 L) standard

1 BrushlesCmotor power splitter

1 Motor controllerunit (MCU)
1 MCUpower adapter
18 Pushin valves6 mm

o BPC INSTRUMENTS

Unit B¢ BPC Core Unit

1 BPC Core

18 Flowcellunits (FCUs)
36 Checlkvalves

1 Plasticsyringe

1 Main unit power adapter
1 Ethernetcable

Other components

1 Festotubing50 m

1 Funnel

18 Tubingstoppers

36 Pushin connectorss mm

12 Softbinders7/180 mm

36 Multi-colouredmarkerclamps
1 Bottle/tube openingtool
FCUWolumesheet

BPC Blue Anaerobic Light

Unit A¢ Sample incubation unit

1 Thermostatiovater bath & 1 basetray
1 Thermostatiovater bath lid for 9 reactors(2 L)

9 Glasgeactors(2 L)
9 BrushlesCmotors

6 BrushlesCmotor cables250 mm
3 Brushles®Cmotor cabless500 mm
1 BrushlesCmotor cable1500mm

1 Motor controllersignalcable

9 Axiscouplingsfor brushles®DCmotors

9 StirrersGL45 (2 L) standard

1 BrushlesCmotor power splitter

1 Motor controllerunit (MCU)
1 MCUpower adapter
9 Pushin valves6 mm

Unit B¢ BPC Core Unit

1 BPC Core

9 Flowcellunits (FCUs)
18 Checkvalves

1 Plasticsyringe

1 Main unit power adapter
1 Ethernetcable

Other components

1 Festotubing50 m

1 Funnel

9 Tubingstoppers

18 Pushin connectors mm

6 Softbinders7/180 mm

18 Multi-colouredmarkerclamps
1 Bottle/tube openingtool
FCWolumesheet

27



BPC BlueAnaerobidBiodegradability

Setting Up The Instrument

Step 1:Unpack and place the thermostatic water bath and detection unit

on a flat, level surface.

— :

==
r[!![i -

Detection unit

Thermostatic water bath for temperature
control of the process

Step 2:Remove the blue plastic protection on the thermostatic water bath lid,
mount the legs and handles and place the tray on the bottom and the lid on top
of the thermostatic water bath

Thermostatic water bath tray (place on bottom) Thermostatic water bath lid for 18 bottles

0 BPC INSTRUMENTS

Step 3:Add your sample and inoculum in the bioreactors. A funnel is provided to aid
with the addition of samples in the bioreactor.

Note: Ensurethe mixture of substrateand inoculumis
well-mixedbeforeclosingthe reactor

Step 4:Assemble the bioreactors as shown below.

Remove the metal rod

7 it
/0 o

e Add the bottle nut to hold
the stirrer in place
Insert the stirrer
into the reactor

28



BPC BlueAnaerobidBiodegradability

Step 6:Addthe motor to thereactorby placingit on thetop, with

Set'“ n g U p T h e I n Stru m e nt the metalrod goinginto the bioreactorand fitting into the stirrer.

Step 7 Add a piece of tubing to the push valve and attach it to
one of the 2 port®n the lid. A tubing stopper could be also used
Step 5:Assembleéhe DOmotorizedstirrer Instead of the pushn valve. The other port is the gas outlet.

L I
- B (L ) >

2 ports on the lid

I

I

I ( Axis coupling ) __________________
@ -

I 0 N
I

I

Stirrer tubing ........................ b

¥ ',
] ] ] ] ] | ] ] ] |

Step 8:Place the bioreactors inside the thermostatic water bath.

Fill the water bath with distilled water u\ntil it reaches the lid.
AN

=
I
I
I
I
I
I
I
I
I
I
I
L

NOTECheck the
water level in the

Note: The motor axis and the stirrer axis should meet in the middle of the axis coupling (WITHOU’
TOUCHINGIf the stirrer axisputs tensionon the stirrer tubing, it might, over time, drill a hole through
the bottom of the stirrer and compromisethe air sealof the setup Approximately5 ¢ 7 mm between
the two metal shaftswithin the axiscouplingisideal.

water bath
periodically.

a O
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Setting Up The Instrument

Step 9:Connect motor$o each other yiabrushless DC motor cables) and
the motor control unit

Settingup the agitation system

U Connectthe short motor cables(250 mm) in seriesc leavingone port free on the
first and last motors in the chain Seethe imagefor a motor cable management
guid

U Connectone longermotor cable(500 mm) to the first motor and one longercable
to the lastmotor in the chain,andconnectthem to the motor power splitter

U Usethe 1500mm motor cableto connectthe motor power splitter to the motor
control unit (MCU)

U Connecthe signalcablefrom the motor controllerto the detectionunit

U TheMCUshouldalsobe connectedto a power supply

Motor Controller Unit Timer | Time (s)
position
blog:ro::Ncess

B PR T

9

15
30
45
60
120
300
600
1800
3600

Timer
control
Auto On/Off (motor

On/Off directions)

NOTE Make surethat the power adapterfor the motor controller is disconnectec e ok
from the power supplywheninsertingor removingthe motor cables o

Motor cable
connector

O 00 N O 1 A W N = O

Signal control (top) /
Ground (bottom)

0 BPC INSTRUMENTS
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Setting Up The Instrument

Step 10:Fill the flow cell units (FCUs) with distilled water.

Adjustable feet

,f!
Npya— b,

Each individual FCU has an inlet Use the syringe to add wateia The water should be added until the

and an outlet for the gas. the inlet of the FCU. recommended level is reached. Make sure that each ECU is level on

the core unit and seated correctly.

Check the FCU indicator or damilt-in
levelling tool.

Use theadjustable feetto level the
detection unit.

q o
?® BPC INSTRUMENTS -
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Setting Up The Instrument

Step 11Attach tubing between the reactor and detection unit.

Multifunction agitation system enables

_ effective and precise mixing in the
./ reactor

Valve for taking samples and
flushing gas to make
headspace anaerobic

C0Oz and CHa going to
detection unit

/

Agitation system ensures
gas-tight mixing

Flow cell unit

|

Gas out

\

allowing trapped gas
=7 to be released

L~

Under anaerobic
conditions, the sample
undergoes degradation,
resulting in the
production of COz and
CHa

The opening is detected
b and utilised to calculate
1 the volume of gas

Gas collected under flow cell

Reactor bottle with
inoculum and sample

0 BPC INSTRUMENTS

TIP:Cut 36 (BPC Blue Anaerobic) or 18 (BPC Blue Anaerobic Light) pieces of Festo tubing
sufficient in length to connect the gas outlet of each reactor to the corresponding FCUL In
order to simplify this procedure, use pughconnectors (two per channel) provided with

the instrument. To avoid water flowing back from Unit B to Unit A, check valves can b
inserted close to the inlet of each FCU in order to the target substance flow in one dirgction
only.

S’
" f{
O\S‘
6\,'00 \ [
°/;,7 ’ Check valve
cho,

Use the softer binder to group tubing of channels that are related to each other. In
order to easily identify each channel, add the matiloured marker clamps (two

per channel) provided in different colors. Mark each channel by writing the proper
description using a ballpoint pen, watbased pen, marker, etc.

The flow cell is opened,

) ® W
| |
|
Q)

Soft binder Multi-coloured marker clamps

32



BPC BlueAnaerobidBiodegradability

Setting Up The Instrument

Step 12:Flush the system with nitrogen gas (or simitarptional

NOTE If you want to flush the reactors to create the anaerobic environment, disconnect
the tubing from the BPC Core Unit beforehand to eliminate the risk of damaging the external check
valves (if used) by the higiressure gas flow.

Flushingto createanaerobicenvironment

Tocreatean anaerobicenvironment,the reactorscanbe flushedwith nitrogengas(or anothersuitableanaerobicgas)

Taking reactors one by one:

U Disconnect tubing from the
detection unit and place this
tubing in a beaker of water.
This allows us to monitor the
flow of gas through the
reactor.

U Attach the nitrogen supplyia
the second port.

U Flush the system for
approximately 12 minutes.
Keep this flushing time
consistent for every reactor.

U Reattach the tubing to the
detection unit quickly and
repeat for the next reactor.

Setup a nitrogen(or other gas)cylinderwith tubing. Usea
flow meter or beaker of water to checkthere is a a
reasonablenitrogenflow (not too strong)

Top Tip:For flushing it is helpful to have two people, one to flush the system and one to attach and
reattach tubing quickly.

0 BPC INSTRUMENTS
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Setting Up The Instrument
Only If you are measuring single gas uskgsitu CG _absorption unit

Step 13Prepare 3 mol/L NaOH alkaline solution with pH indicator Step 14 Arrange the bottles (250 ml)
NaOHsolution preparation: i Add 200 mL of the 3 mol/L NaOH solutior” "
with pH indicator to each bottle, place
U Weighthe requiredamountof NaOHpellets(seeTable) them on the bottle holder.
U Mix NaOHpelletswith distilled water. Dueto heat generatedby the exothermic e

-

reaction,we recommendyoudo this slowlyandin stagesuntil NaOHdissolves : . o : :
& y J Step 15 Attach tubingbetween the detection unit, the CQ@bsorption unit and

U Whenthe NaOHis completelydissolved,add the remainingamount of water

until the total volume (1.8 or 1.8 L)is reached reactor taveortakig s NOTEIt is generally not
EZZS‘:S{L‘} COugons 0o, necessaryo submerge the
v tubing inside the alkaline
el solution.
SO 432 J Gastghtaghtation Reactor bottle with
18 L 216 g HESE bR inoculum and

temperature

controlled water Flow cell unit

Prepare0.4%thymolphthalein pH indicator solution:

COzis = —L Flow cell open

aborsbed by and release gas
NaOH A
solution

Opening is

U Dissolved0 mg of thymolphthaleinin 9 mLethanoland 1 mL of water (total 10
mL)
U Mix it with the 3 mol/L NaOHsolution

detected and
used to calculate
gas volume

CHa gas collected under
flow cell

This configuration can be used to determine gas composition estimation. For further information refer
to the manual.

&Y BPC INSTRUMENTS 34
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BPC®Blue

Connecting The Instrument

Step 1:Connect the detection unit.

I
: d
- .nu . &

A

Connected instrument

BPC INSTRUMENTS

@,

Instrument status lights:

Instrument has booted properly
Flow cell opening detected

@ Error detected

U Connect to the power supply
U Connect to the internet connection/ethernet port (for remote
connection) or directly to your computerathe ethernet cable

U Check instrumenijreen lightis on

i Connect to the motor control unit (MCU) when necessary

Functions:

1) Reset password

2) Set IP address according to DHCP server
3) Set IP address to 192.168.10.11

USB port for system
updates & upgrades

Ethernet cable

\

Main unit power adaptor

Motor signal cable 3.5 mm

FCU level
indicator

23.4°C

99.5 kPa 2023-03-20 11:15:43 UTC

Temperature, pressure and time

d\,

DHCP Aurora 1.1.0beta 11

10.15.0.45 Straw test unit 2

Current IP address

Adjustable

feet

Level control

Level X: 0.0°

LevelY: 0.1°

From software

] From display

Power ON/OFF button

The BPC Core Unit is equipped with an OLED screen that
provides information regarding the status of the instrument

(environmental conditions, time, current IP address used by t

instrument and alignment indicator). This can be accessed
through two physical buttons located below the screen.

ne
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Connecting The Instrument

Step 2:Access the software

a. Connecting directly to computer

U Ensure the ethernet cable is plugged into your computer directly

Start s Settings &¢ Network & Internet
Ethernet (select the Ethernet network you
are connected to) e

Edit network IP settings &4 Manual s

IPv4 e Insert IP address and Subnet mask

Pressﬂ (in the top left corner) &d System
preferences &d Network settings &3
Ethernet (select the Ethernet network you
are connected to) e

Configure IPv4: manually &’ Insert IP

address and Subnet mask

IP address:

Subnet mask:

( 192.168.10.10 )
( 255.255.255.0 )
)

Default gateway: (

Configure IPv4:
IP address:
Subnet mask:

Router:

( Manually )
(192.168.10.10 )
( 255.255.255.0 )

)

(

r
—

Windows 11

i

Mac OS 12.x

U Open a browser (Google Chrome recommended) and type in the default IP address

192.168.10.11

U Login to the software (default passwoltpc)

0 BPC INSTRUMENTS

b. Connecting remotely

U Ensure the ethernet cable is plugged into the network

U Open a browser (Google Chrome recommended) and type in
the IP address of your instrumenif you are unsure this can
be found via the instrument OLED screen

U Login to the software (default passwotapc)

Aurora 1.2.6

BPC Instruments

Instrument IP address
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Software- Home

When you open the software via a browse ¥ BPC INSTRUMENTS
you will first be asked to login. Default
password for our instruments tgc

BPC Blue BPC Instruments

Home Control Experiment Graph Report

Here is where you can choose
between aerobic and 2
anaerobic mode. LoGouT

\

Settings Anaerobic

gAftft FTAYR GKS yI@AIIOGAZ2Y YSlydz

BPC Blue
BPC Instruments h )f l:l K S K 2 YS LJ 3 S e 2 dz
and user manual (below).
BPC Instruments AB
Please enter password to log in web |inkS

Login

D User manual

D BPC Instruments website

D Webshop

0 BPC INSTRUMENTS
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Software- Control

BPC Blue BPC Instruments

Home Control Experiment Graph Report Settings Anaerobic ]
Lines
Line Name F Cell volume Control Status Started [UTC] Duration
I [mi]
1 Y | s.07 024-03-13 13:05  21d 18h 20m
BN re: I 9.09 : Running 2024-03-13 13:05
BEN Lires 9.10_ T Running 2024-03-13 13:05  21d 18h 20m
B Lines 9.07 Running 2024-03-13 13:05  21d 18h 20m
Bl Lires 9.07 Running 2024-03-13 13:05  21d 18h 20m
6 Line 6 9.13 Running 2024-03-13 13:05  21d 18h 20m
7 Y 9.12 Running 2024-03-13 13:05  21d 18h 20m
8 Line 8 9.16 Running 2024-03-13 13:05  21d 18h 20m
Line 9 9.12 Running 2024-03-13 13:05  21d 18h 20m
[ 10 JEETERT 9.00 Running 2024-03-13 13:05  21d 18h 20m
[ 11 VRN 9.14 Running 2024-03-13 13:05  21d 18h 20m
— 1
2] 8.97 Running 2024-03-13 13:05  21d 18h 20m |

Line number & colour Sample name

Status and duration

0 BPC INSTRUMENTS

Enter FCU calibration values

(e an-i anci ant R e

Control motor agitation system

hy (Ckrfiokd LJ 3S @&2dz OF yY
U Allocate names and colours to each channel

Control line recording and start/stop/pause recording
View instrument status and experiment duration

FCU calibration values

Start/stop/pause lines
(bottom of table)

Agitation controls

/

Motor power

Agitation

Phases ® ) Single Double

Speed [%] Time [min]

Spoed %] Pnasa 1 | 3 IE

Phase 2

10 HIC

!
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Software- Experiment

BPC Blue BPC Instruments

Home Control Experiment Graph Report Settings

I!:I I:I :I I Anaerobic |

Samples
______ r —_— _— —_— _— —_— _— —_— _— _— _— —_—
Samples MName I Blank I I Total solids [%] ThOD [g O,/g] I Delete
° 1g Cellulose | o ,.fl I 5.0 1.184
______ |
Line Name I Amount of inoculum [g] Amount of sample [g]
Bl  1ocCeluiose 1 | 1000 1.0
58]  1gCeliulose 2 I 1000 10
1g Cellulose 3 I 100.0 10
L __________ L3
. Add lines
Allocate a corresponding blank
Blanks AddBlank
Blank Name Delete
o Blank (raw soil) »
Line Name Amount of inoculum [g] Delete
Bl sienk(awsoi) 1 100.0 x
BER  stank (raw soil) 2 100.0 x
| | Blank (raw soil) 3 100.0 x
Add lines

0 BPC INSTRUMENTS

Add and group
samples

‘e
‘e
3

‘e
‘e
3

Add and group
blanks

hy (EKpSriméne LJ- 3S eé2dz OF yY

U Enter relevant parameters such as total solids (%), amagunt
of inoculum and sample

U Aerobic Insert the composition of the sample in order far
the software to calculate ThOD (Theoretical Oxygen
Demand) and generate biodegradation rate graph

U Anaerobic Insert TOC (Total Organic Carbon) in order to
generate biodegradation rate graph

U Alternatively, you can directly insert the ThOD or TOC
manually if known

U Group samples and blanks according to replicates

U Allocate a blank to each sample

Input parameters
ThOD (aerobic mode)

TOC (anaerobic mode)

Click on the calculator icon and enter the composition of your sample

to calculate the ThOD (aerobic mode) or TOC (anaerobic mode)

Calculate theoretical oxygen demand

c H Cl N S P Na [o]

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Software¢ Graph /Lines

BPC Blue BPC Instruments

Home Control Experiment Graph Report Settings

Aarohlc Anaerobic |

Lines Groups Biodegradation

Gas flow

‘\'\\ Divided in three sections

hy (CGikaph/Lineg LJ- 3S @&2dz OF yY

U View realtime data in a graph form

U Change view settings such as normalisation function and gas flow units
U Select which lines you wish to view

F + JNC > /NERSTNEr « N s INERCENNF 7 NS |
(S| (] (ST (SEN| (ST (GO0 (D] (S

Select/Deselect all

Qutput unit Rate unit

Output unit Mormalized volume [Nml) v ‘ Rate unit Nmliday v ‘

Accumulated gas velume [Nmil]

B800—

600—

400

200—

0 BPC INSTRUMENTS

Two viewable graphs
Accumulated gas volume [Nmi] @‘ @. @
Line selector
Accumulated
gas volume
UnltS o B 20d 50 0d
Gas flow rate [Nml/day] “'}’j‘ ‘@\_7@\‘ @
Normalisation function
Ll x Gas flow rate
|

a0+ I i U i ‘ i
20| _- 'W\I\ ' : ! \ \
" \A“ \'\ *f N LG /,/" "‘\‘ 'é / S
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Softwarec Graph /Groups

\

BPC INSTRUMENTS

hy (GiKaph/Gioups

LJ- IS

&2dz OlIYyY

U View realtime data in a graph form as average for each group of triplicates
U Change view settings such as normalisation function and gas flow units
U Select which groups you wish to view

‘\

\

Group selector

Units

Normalisation function

Average
accumulated
gas volume

Two viewable graphs

Average gas
flow rate
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