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Biogeochemistry: Global impact, hard to 
measure



http://www.argo.ucsd.edu/index.html
Sensors must have
• low buoyancy change
• low weight in water
• long-term stability
• >1 sample / 4 minutes in burst mode



Platforms

•Profiling (Argo) floats

•AUVs

•Ocean Gliders

• BRIDGES

•UAVs

•Drop sonde

•Moorings

•Ships of opportunity

•Offshore structures

•Coastal infrastructure

•Observatories

•Data flow



Water Sensors Analytical Targets

Salinity (microsensors, 
0.006% accuracy)
Nutrients (uM coastal / 
deep, nM open ocean)
Trace metals (n -fM)
Gases (n-uM)
Carbonate system 
(0.001 pH equiv)

Small organics, e.g. 
PAH, PCBs (f-pM)
Proteins and large 
organics (copies / L)
Nucleic Acids: 
organisms, eDNA 
(copies / L)
Whole cells 
(cytometry)
Radionuclide
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Mass deployed platforms

Pressure tolerant
electronics

High performance  
low-cost optics

Low-cost
manufacturing

MicrofluidicsIntegrated
Analytical systems

Lab on a chip

Biogeochemical processes

Assay optimisation

biofouling
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Marine Sensors Technologies and TRL

Microfabricated Solid 
State / Electrochemistry:
• Salinity 7
• Dissolved oxygen 7
Optodes / optical sensors
• Gases inc. methane 6
• pH, pCO2 7
• Radionuclide 3
Lab on Chip Cytometer
• Whole cells (label free) 5
• Labelled cells 5
• Microplastics 4
• Bead assays 3

Lab on Chip Chemistry
• Inorganic Nutrients  8
• Organic Nutrients 5
• Trace metals 7
• pH 7, TA 4, DIC 3, pCO2 4
• Small organics, e.g. PAH, 

PCBs (f-pM) 5
• Proteins and large organics 

(copies / L) 4
• Nucleic Acids (copies / L) 6
• Radionuclide 3



Lab on chip

Lab on chip: Nitrate, Nitrite, pH, Phosphate, Silicate, Iron, 
Manganese, Total Alkalinity, Ammonia, DOP, Dissolved 
Inorganic Carbon, DON….. 



Pump

Valves

Optics and 
processing 
boards

Microfluidic Chip



……..ON CHIP

100 mm

• Small footprint
• Low power 
• Easy to build
• Low reagent 

consumption
• No waste 

emission 





What makes our 
approach work?

Platform approach

nitrate                         pH

Change the assay,
keep the engineering



Mooring implementation

Reagents in housing
(includes blank, standards)

Waste products stored on board

Integrated fluidic control

Data storage

Communication

Reagent 
housing

LOC sensor 
housing

Sample 
Inlet

20 cm

56 cm



Nitrate + Nitrite 
data from 26-
day 
deployment
Empress Dock

Salinity

River Test 
discharge and 
local
rainfall



Glacial meltwater

With Jemma Wadham and Martyn Tranter, University of Bristo



Macronutrient cycles

With Duncan 
Purdie and others 
as part of the 
Macronutrient 
Cycles project

Christchurch harbour, UK



Data from nitrate sensor deployed in Hampshire Avon, UK (blue line)



Nitrate deployment on gliders
Celtic Sea, April 2015

Alex Vincent & Maeve Lohan, NOC / SOES (U. Soton)



Temperature
(°C)

Chlorophyll
(mg/m3)

Nitrate
(µM)



Celtic Sea July 2015
SOG Glider Data

• Combined CTD and Nutrient sensor on glider data
• LoC deployed on Ship’s CTD frame for 3 casts showed good agreement 

with bottle data



Applications for water sensors

• Waterborne diseases
• Public health protection

• Fish / shellfish / aquaculture safety
• Drinking water safety
• Bathing water safety

• Protection of fish / aquaculture stocks/industry
• Protection of the environment and tourism industry
• Regulatory and statutory testing requirements
• Agriculture management and effluent checking
• Measuring and understanding climate change

• Deoxygenation, acidification, productivity



What is in the water? What do you need to 
measure?

• Pathogens
• Parasites
• Pesticides, Herbicides
• Pharmaceuticals
• Industrial effluent or runoff
• Toxic metals
• Agricultural effluent or runoff
• Toxic (Harmful) Algal Blooms (HABs)
• Sewage
• Excess nutrients causing environmental damage and HABs
• Acidification, deoxygination

water for drinking, bathing, fisheries / 
aquaculture, industry, or agriculture
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Commercialisation

• University of Southampton Research and 
Innovation Support (R&IS)

• National Oceanography Centre as an IP 
and exploitation partner

• IP auction
• Licensing
• Spinout / Joint Venture / Start up



Market?
http://www.act-us.info/nutrients-challenge/Market.php
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“LabCards” for LOC-NASBA

Sample InputSample Recovery

Microfluidic channel

Disc valve

High Temp. ChamberIsothermal amplification chamber

Preserved Reagents



New NASBA Assays for E. coli DNA

Challenges:

• High genomic diversity In the environment.

• Genome size is approx. 4,000-5,000 unique genes.

• >2,000 sequenced genomes

• Approx. 300 core genes*

• Target sequences are not always unique

*Miriam Land et al (2015) Funct. Integr. Genomics 15, 141-161

Bioinformatics methods were employed to find E. coli sequences that were… 

• Unique to E. coli

• Ubiquitous in E. coli strains

Confirmed experimentally using library of E. coli (ECOR) and non-E. coli bacteria from different hosts 
and geographical locations



Other developments: A New One-step NASBA

Development of new reagent 
preservation methods

Optimisation of primer annealing 
and thermo-tolerant enzymes
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Cytometer

Simultaneous 
measurement of electrical 
(impedance) and optical 
properties of individual 
cells
In-lab prototype
No air required for optics 
or operation (suitable for 
deep sea)
Challenges include 
sample concentration, 
and optical detection 
limits (power in chip)



CT-DO Sensor



Scalable

Additional analytes

Deployments 

Scale up production

Commercialization
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