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direct testformat binding-inhibit ion tes t

labeled d irect optical testdirect optical test
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LabeledLabeled SystemsSystems

•• ELISA (ELISA (heterogeneousheterogeneous, , competitivecompetitive))

•• DirectDirect test test formatformat withwith labellabel::

LieglerLiegler et al.; Kret al.; Kräämer et al.mer et al.

•• BindingBinding--inhibitioninhibition--assayassay withwith labellabel

RIANA; RIANA; AWACSSAWACSS
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ImmunochemistryImmunochemistry

AntigenAntigen--AntibodyAntibody--Interaction:Interaction:

Binding Inhibition Binding Inhibition AssayAssay
SpecificSpecific antibodiesantibodies whichwhich areare labelledlabelled withwith a a fluorescencefluorescence dyedye
(Cy5.5(Cy5.5TMTM)  )  recogniserecognise organicorganic compoundscompounds in in aqueousaqueous samplessamples..

ComponentsComponents & & parametersparameters
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Optics
Electronics

•Drift correction

•Calibration

•Chemometrics

•Affinity-
chromatography

•Fluorescent dye
(Cy5.5,Alexa680, 
QDs)

Antibody Assay IO-Chip AD
SW

Analytical
tool

Method Transduction Detection Data
Treatment

•Surface chemist ry

•Regeneration

•Automation

•Evanescent field

•Enhancement
structure

•Filters / PMF

•Photodiodes

•Amplifier

FullyFully automatedautomated biosensorbiosensor
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NanoNano--scalescale
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Optics
Electronics

•Drift correction

•Calibration

•Chemometrics

•Affinity-
chromatography

•Fluorescent dye
(Cy5.5,Alexa680, 
QDs
nanoparticles)

Antibody
ng Assay nanostr.

IO-Chip
AD
SW

Analytical
tool

Method Transduction Detection Data
Treatment

•Surface chemist ry
pL - nL

•Regeneration

•Automation

•Evanescent field
nm

•Enhancement
structure nm

•Filters / PMF

•Photodiodes
pW - nW

•Amplifier

FullyFully automatedautomated biosensorbiosensor
LOD: ng LLOD: ng L--11
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AWACSSAWACSS--ProjectProject

•• EVK1EVK1--20002000--0004500045
•• Duration: 3 Years, RTD ProjectDuration: 3 Years, RTD Project
•• (March 2001 (March 2001 –– March 2004)March 2004)
•• Visit:  Visit:  http://barolo.ipc.unihttp://barolo.ipc.uni--tuebingen.de/awacsstuebingen.de/awacss

BBiosensors & iosensors & BioelectronicsBioelectronics 20 (2005)  Part I & II (149920 (2005)  Part I & II (1499--1508 & 15091508 & 1509--1519)1519)
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AAutomatedutomated
WWaterater
AAnalysernalyser
CComputeromputer
SSupportedupported
SSystemystem
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GoalGoal
DevelopDevelop a a costcost--effectiveeffective, , onon--lineline, , waterwater monitoringmonitoring
biosensorbiosensor thatthat will will measuremeasure a a varietyvariety of of smallsmall
organicorganic pollutantspollutants in in shortshort--timetime withwith remoteremote controlcontrol
and and surveillancesurveillance..
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Software & Software & NetworkNetwork

Local Local 
stationstation

Local stations:Local stations:
•• MultiMulti--analyte detection analyte detection 

•• Data acquisitionData acquisition
•• Data evaluationData evaluation

•• Local station controlLocal station control

Control Control stationstation::

•• Global survey & Global survey & earlyearly warningwarning
•• Global trend analysesGlobal trend analyses

•• Local station control  Local station control  
•• Detection limit controlDetection limit control

prescribed by prescribed by EUEU--DirectivesDirectives

Local Local 
stationstation

ControlControl
stationstation
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TargetTarget CompoundsCompounds

EcotoxicologyEcotoxicology::

•• HerbicidesHerbicides

•• FungicidesFungicides

•• InsecticidesInsecticides

•• AntibioticsAntibiotics

•• Blue Algae ToxinsBlue Algae Toxins

•• Endocrine Disrupting CompoundsEndocrine Disrupting Compounds

•• Suspected CarcinogensSuspected Carcinogens

•• Industrial Wastes / Chemical MarkersIndustrial Wastes / Chemical Markers
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IntegratedIntegrated OpticalOptical ChipsChips

 

Wave guide  
Inlet 

Analysis Windows 
(300µm x 1.5mm) 

Goal: Develop IO-Chips capable of simultaneously illuminating 32

analysis windows in a miniaturised format.

Advantages:
• Single mode waveguides

allow for efficient and 
consistant analysis window
illumination.

• Compact dimensions allow
for microf luidic design and 
reduce sample & reagent
volumes.

• Spatially def ined but
resolved analysis windows
allow eff icient detection and 
suppress signal crosstalk.

Analysis Windows
(300 µm x 1.5 mm)

With nano-
enhancement

structure Ta2O5

Waveguide
Inlet
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IntegratedIntegrated OpticalOptical ChipsChips

 

Wave guide  
Inlet 

Analysis Windows 
(300µm x 1.5mm) 

Goal: Develop IO-Chips capable of simultaneously illuminating 32

analysis windows in a miniaturised format.

Derivatives:

Estrone

Bisphenol A

Atrazine

Sulphonamides

Isoproturon

Propanil

Analysis Windows
(300 µm x 1.5 mm)

With nano-
enhancement

structure Ta2O5

Waveguide
Inlet

18 minutes per cycle and up to 500 measurements!
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MultiMulti--analyteanalyte MeasurementsMeasurements
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Validation ParametersValidation Parameters

[ % ][ % ][ [ µµg Lg L--11 ]][ [ µµg Lg L--11 ]][  ][  ][ % ][ % ]DimensionDimension

1.91.90.0190.0190.2320.2321.081.089.69.6PropanilPropanil

2.02.00.0200.0201.2631.2631.31.38.58.5IsoproturonIsoproturon

2.82.80.0180.0180.4190.4190.610.6134.334.3SulphamethizoleSulphamethizole

2.72.70.0100.0100.2170.2170.760.7620.820.8AtrazineAtrazine

0.90.90.0080.0081.5851.5850.610.6129.529.5Bisphenol ABisphenol A

0.60.60.0070.0070.0930.0931.461.4616.716.7EstroneEstrone

SDSDzszsLODLODICIC5050ppAA22AnalyteAnalyte
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DrinkingDrinking waterwater

• RR recovery rate (70 – 120 % as recommended by the
AOAC International)

• RR = cd / ct · 100 %   (d: detected, t: true)

98,098,0 ±±4,44,4

96,996,9 ±±3,83,8

117,4117,4 ±±4,44,4

IPIP

115,8115,8 ±±5,35,3109,6109,6 ±±9,89,8111,5111,5 ±±10,310,3101,8101,8 ±±24,824,8113,8113,8 ±±11,211,2
RRRR

(o,15 (o,15 ppbppb))

80,080,0 ±±3,93,967,467,4 ±±4,04,087,087,0 ±±16,816,8143,8143,8 ±±12,812,8119,4119,4 ±±6,46,4RRRR
(o,10 (o,10 ppbppb))

96,796,7 ±±15,915,9110,8110,8 ±±5,35,386,786,7 ±±18,418,431,631,6 ±±4,24,2106,2106,2 ±±3,63,6RRRR
(o,o5 (o,o5 ppbppb))

PRNPRNSULSULAtrazinAtrazinBPABPAEstronEstronAnalytAnalyt
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CollaborativeCollaborative TrialTrial

Objectives:

• Evaluation of the AWACSS 
performance in comparison to:

– Immunoassay techniques – RIANA 
and ELISA

– Conventional LC- and GC-based 
analytical techniques
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CollaborativeCollaborative TrialTrial

• Matrices
– Milli-Q water 
– River sediments (homogenized 63 µm fraction, freeze 

dried) 
– Mixed industrial and municipal wastewater - Novaky

Chemical Plant, Slovak Republic

• Analytes
– Atrazine - pesticides, on the list of EU WFD Priority 

Substances
– Bisphenol A - endocrine disrupting compound, industrial 

pollutant
– Estrone - endocrine disrupting compounds, hormones, 

municipal WWTP

• Spiked levels
– 0.1 and 1 µg L-1 - water samples
– 50 and 500 ng g-1 - sediments
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CollaborativeCollaborative TrialTrial

Atrazine in Milli-Q water at 0.1 µg/L 
concentration level

-4.0

-3.0

-2.0

-1.0

0.0
1.0

2.0

3.0

4.0

1b 1c 2a 2b 4a 4a' 5a 5b 6a 6b

Lab id number

Z-
sc

or
e
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CollaborativeCollaborative TrialTrial

Bisphenol A in Milli-Q water at 0.1 µg/L 
concentration level

-4.0

-3.0

-2.0
-1.0
0.0

1.0

2.0

3.0
4.0

1a 1b 1c 2 4a 4a' 5a 5b 6b

Lab id number

Z-
sc

or
e
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CollaborativeCollaborative TrialTrial

Estrone in Milli-Q water at 0.1 µg/L 
concentration level

-4.0
-3.0

-2.0

-1.0
0.0

1.0
2.0

3.0

4.0

1a 1b 1c 2 4a 4a' 5a 5b 6b

Lab id number

Z-
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CollaborativeCollaborative TrialTrial

Estrone in Sediment at 50 ng/g spiked level

-4.0

-3.0

-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

1a 1c 2 4 5a 6b

Lab id number

Z-
sc

or
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CollaborativeCollaborative TrialTrial

710.7111041.041Level 2

710.0710.1800.080.1Level 1

Estrone

850.8511251.251Level 2

1330.1330.1800.080.1Level 1

Bisphenol A

770.7711151.151Level 2

1000.10.11110.110.1Level 1

Atrazine

RRMean [µg L
-1

][µg L
-1

]RRMean [µg L
-1

][µg L
-1

]

SedimentMilli-Q water

Assigned
value

MatrixAssigned
value

Compound

RR: Recovery Rate

FieldField Test Test -- SamplingSampling SystemSystem

pump

valve filter

sampling vessel for
AWACSS system
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AWACSS Biosensor (AWACSS Biosensor (FieldField Test)Test)

•• EstroneEstrone belowbelow LOQ (AWACSS and HPLCLOQ (AWACSS and HPLC--DAD)DAD)

•• BisphenolBisphenol A A contaminationcontamination fromfrom tubestubes

CalibrationCalibration: : atrazineatrazine, , isoproturonisoproturon, , estroneestrone, , bisphenolbisphenol AA

FullyFully automatedautomated samplingsampling and and detectiondetection!!

A
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AssaysAssays: : HowHow far far itit cancan gogo ......

LOD: 190 ppq
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LOD3SD    52 ng L-1

LOD 95% 33 ng L-1

LOQ 10SD
263 ng L-1

LOQ95% 71 ng L-1

RR: 85 - 119 %

ProgesteroneProgesterone in in rawraw milk milk (1:10)(1:10)
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SummarySummary

TheThe AWACSS AWACSS biosensorbiosensor isis a a fullyfully automatedautomated
waterwater monitoringmonitoring system and system and capablecapable forfor
remoteremote controlcontrol::
•• Quick!Quick!
•• No No prepre--treatmenttreatment nornor prepre--concentrationconcentration!!
•• MultiMulti--analyteanalyte measurementsmeasurements!!
•• Real Real samplessamples: : taptap, , groundground and and surfacesurface!!
•• SuccessfulSuccessful fieldfield testtest
•• LODsLODs belowbelow EU limits! EU limits! 
•• LOD in LOD in ppqppq--rangerange forfor severalseveral compoundscompounds::

ProgesteroneProgesterone, , TestosteroneTestosterone, Propanil, , Propanil, 
Estrone, Estrone, IsoproturoneIsoproturone, Atrazine, ..., Atrazine, ...
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