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OUTLINE

• WHY IN SITU AND SMART MONITORING OF MULTI-
STRESSORS?

• BASIC PRINCIPLES OF IN SITU SENSING 

• EXAMPLE RECENT TECHNOLOGIES

• HOW BRIDGE-BS ADVANCED SMART TECHNOLOGIES IN 
THE BLACK SEA?  



• Seas are often perceived in 2D because of the ‘map representation’. 

• Depth (the 3rd D) is often counter-intuitive so often neglected in public and policy opinion.

• Ocean interiors are under-observed due to challenging conditions but they are vital for 

element cycles, represent a large habitat, storage of carbon, recycling of pollutants. 

WHY IN SITU AND SMART MONITORING

OF MULTI-STRESSORS? 



Amani et al. 2022

Great deal of progress in surface ocean monitoring by surface-deployed and remote sensing tools 

Black sea is 2200m deep! Need underwater tools capable of withstanding specific Black Sea conditions! 

Klorofil-a (mg/m3) 

WHY IN SITU AND SMART MONITORING

OF MULTI-STRESSORS? 

Remote sensing can see top 2m but average ocean is 3800m deep



TEMPORAL AND SPATIAL SCALES OF PROCESSES ARE VAST!



DISCRETE SAMPLING VS IN SITU MEASUREMENT
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DATA ALIASING

7

• Under-sampling leads to misleading 
distributions (time & space)

• Example of a chlorophyll survey in 
coastal waters

• Six measurements over about 200 
square Km

• Real distribution from satellite is:

Further example is bacteria in natural water, 

higher concentrations close to a food source (mm 

to µm space scales).  Typically take samples of 

hundreds of mL, so variability is lost!



OVERVIEW OF ACCURACY AND PRECISION

High precision and accuracy are what we aim to 
achieve in analytical measurements: an analogy 
with archery practice is useful, where the bulls-eye 
is the true value: 

 
 

Accurate but 
low precision 

Precise but 
inaccurate 

precise and 
accurate 

 



OVERVIEW OF ACCURACY AND PRECISION



DETECTION LIMITS

The DL= smallest amount of an analyte that can meaningfully be determined 

• Essentially ‘Signal to Noise’ ratio- “Noise” includes instrumental variability plus changes in blank

• If instrumental noise major source of variability can use 2 times the baseline noise as a crude 
estimate of DL



CONCEPT OF A BIOGEOCHEMICAL SENSOR



TECHNOLOGY READINESS LEVELS



SENSOR TRENDS



SENSOR TRENDS



SENSOR POWER CONSUMPTIONS



MEASUREMENT OF CO2 EXCHANGES: EDDY COVARIANCE



MEASUREMENT OF EXCHANGES AT SEAFLOOR, SAME APPROACH
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IN SITU SENSING OF OXYGEN FLUXES



DEEP-SEA: SOME IMPORTANT ANALYTICAL APPROACHES



DIFFUSIVE OXYGEN UPTAKE (DOU) – O2 MICRO-GRADIENT
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DOU = Ds dC/dz

NOTE

Microsensors perturb DBL thickness (δDBL)
measurements resulting in a 25 – 45 % 
compression. Hence microsenor derived

δDBL- measurements should be considered as
minimum values.



MINIATURIZATION IS THE FUTURE: LAB ON CHIP TECHNOLOGY

Agilent Tech., Inc.

Miniaturization

Autonomy

Integration



MINIATURISATION IS THE FUTURE: LAB-ON-A-CHIP TECHNOLOGY

National Oceanography Centre
NOC Southampton

Beaton et al. 2012

On-chip capillary 
electrophoresis

Skelley et al. 2005



Integrated on-chip valves and custom-designed microfluidics pump:

Peripheral sensor components are still large and need to be smaller

Pump

Valves

Beaton et al. 2012

MINIATURISATION IS THE FUTURE: LAB-ON-A-CHIP TECHNOLOGY



SENSORS: WHERE DO WE GO FROM HERE?



SENSORS: WHERE DO WE GO FROM HERE?

AUTONOMOUS PLATFORMS: ARGO/APEX FLOATS



SENSORS: WHERE DO WE GO FROM HERE?

OBSERVATION SYSTEMS



ARGO PLATFORMS



ARGO PLATFORMS



SENSORS: WHERE DO WE GO FROM HERE?

AUTONOMOUS PLATFORMS: BENTHIC OBSERVATORIES



SENSORS: WHERE DO WE GO FROM HERE?





Stations occupied by 

RV Bilim-2 in the 

eastern and central 

part of the  Black Sea

Cold Intermediate
layer

RECENT STATE: VERTICAL STRUCTURES

OF DENSITY AND TEMPERATURE

Blue: 1980-2020
Red: 2022-23 BRIDGE-BS

Density Temperature Oxygen



CO-DEVELOPING SOLUTIONS UNDER BRIDGE-BS 

BRIDGE-BS brings together leading 

institutions from across the Black Sea region 

and Europe to conduct collaborative research

and share expertise to tackle the multi-

stressors of the Black Sea.

From co-designed methodologies to joint 

scientific cruises, BRIDGE-BS partners work 

together to generate knowledge, conduct

fieldwork, harmonize methodologies, and 

build long-term research capacity.

Onboard collaborations among BRIDGE-BS 

partners strengthen regional monitoring, 

ensure data comparability, and promote 

transboundary knowledge exchange, while 

actively engaging young scientists in hands-

on research and capacity building.

JOINT RESEARCH

EXPERT COLLABORATION

YOUNG SCIENTISTS
ENGAGEMENT

Over 100 scientists from 19 partner 

institutions across 12 countries are 
involved!





2024 July: Black Sea, M51M43 – Western Central – H2S onset at 16.25 / 109 m  

16.4/129m

16.35/121m

16.5/145m

16.8/254m

16.3/116m

16.25/109m
16.2 – bound sulfide signal
16.15, 16.1, 16.0, 15.85 suboxic signal

Scan Rate: 1000 mV/sec
 Conditioning 5s at -0.9V

TOWARDS IN SITU HIGH RESOLUTION DETECTION

OF HYDROGEN SULFIDE



FIRST GLIDER OPERATION 

IN THE TURKISH EEZ.

11-22 July 375 km long transect 

~1 km spatial resolution 

sampling (376 profiles) with 

CTD, O2, Chl-a, Turbidity, SUNA 
(NO2+NO3). 

Density – Sigma 

Theta Dissolved O2, µM

GLIDER DEPLOYMENT 



SCANFISH 



SMART BIODIVERSITY MONITORING AND  BIOMOLECULE SCREENING 

Rapid Biomolecule Screening 

via Metagenomics

eDNA 

Metabarcoding



SMART MONITORING SYSTEMS:

INCREASING LEVEL OF ADOPTION (LOA) IN THE BLACK SEA

PRE-PROJECT PROGRESS WITH BRIDGE-BS

LOW MEDIUM HIGH

FAST SCREENING OF NOVEL 
ENZYMES VIA METAGENOMICS

SMART OCEANOGRAPHIC SURVEYS
WITH SCANFISH AND GLIDER

HIGH-RESOLUTION BENTHIC 
OBSERVING SYSTEMS

E-DNA METABARCODING FOR COST 
EFFICIENT BIO-MONITORING

SMART MONITORING SYSTEMS



NEW SENSORS AND TOOLS:

ELEVATING TECHNOLOGICAL READINESS LEVEL (TRL)

1 2 3 4 5 6 7 8 9

PRECISION IN SITU
PH SENSOR APPLICATION

IN SITU PCO2
MONITORING

ACOUSTIC MARINE
MAMMAL OBSERVING

ELECTROCHEMICAL
IN SITU SENSOR FOR H2S

DIGITAL LIBRARY FOR THE
BLACK SEA PHYTOPLANKTON

UNDERWATER
RADIONUCLIDES DETECTOR

UAVS FOR
JELLYFISH MONITORING

ACOUSTIC
JELLYFISH DETECTOR

NEW SENSORS AND TOOLS

RESEARCH DEVELOPMENT DEPLOYMENT

PRE-PROJECT PROGRESS WITH BRIDGE-BS



FROM PROOF OF IDEAS TO PROOF OF BUSINESSES 

(ACCELERATING ‘INDUSTRY 4.0’ BUSINESS MODELS) 

kthinnovationreadinesslevel.com

How do we translate science into business opportunities?

PROOF OF IDEAS 

(methods, technologies, services, models, etc.)

PROOF OF CONCEPTS 

(how it works, is it relevant, is it needed, etc.)

PROOF OF BUSINESS 

(how it works, is it relevant, is it needed, etc.) 



TAKE HOME MESSAGES

• Ocean observations need to address 3D nature of seas. 
 
• This is even more required for the vertically zonated Black Sea.

• A variety of technologies are reaching maturity but more work 
is needed on chemical sensors and biodiversity front.

• BRIDGE-BS advanced key sensing technologies in chemical and 
biodiversity monitoring. 



SMART SENSING 

IN BLACK SEA OCEANOGRAPHY

Institute of Marine Sciences

Mustafa YÜCEL, BRIDGE-BS Co-Coordinator Middle East Technical University
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