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Evaluation of a Scalable Sensor for 
the Early Detection and Monitoring of 

Algal Blooms

Priority Area:  Water Monitoring
(improve the efficiency and cost-effectiveness of detecting and monitoring 

algal blooms in surface waters of the State of South Carolina)



The Challenge . . .
•Harmful algal blooms (HABs) – sometimes called harmful 

and nuisance algal blooms (HNABs) – are caused by 
excessive growth of a diverse array of microorganisms 
including toxic and noxious phytoplankton, cyanobacteria 
(blue-green algae), benthic algae and macroalgae

•HABs can extend over large geographic areas and create 
major adverse effects on fisheries, recreation, human 
health, drinking water treatment operations, and the 
ecology of freshwater bodies 

•HABs are a recurring and serious problem in many areas of 
the U.S., with recent evidence suggesting that the 
frequency and distribution of HABs are increasing and may 
be linked to drought and climate change 



HABs in the News . . . 

Algae Bloom Fouls N.J.’s Largest 

Lake, Indicating Broader Crisis

NY Times (Aug. 5, 2019)

A North Carolina woman took her three 

dogs to a pond to play. Within hours, 

her pups had died from toxic algae.

CNN (Aug. 12, 2019)



August 22-23, 2019 NDVI with mask

Lake Wateree, SC – Sentinel 2 imagery

Credit: 
Hamdi Zurqani



Another example of near the coastal area in SC

Rapideye imagery
August 29, 2019 NDVI Possible Algal bloom

Credit: Hamdi Zurqani



Our Overall Philosophy . . .

•Utilize a rational scientific process and 
design methodology 

•Systems approach

•Appropriate measurements at 
appropriate locations (and times)

•Strong partnerships with utilities, 
government agencies and other 
stakeholders



Our Proposed Approach . . .

•Utilize algal pigments as a surrogate measure of 
algal biomass and to characterize algae 
assemblage dynamics and growth rates in 
waterbodies

•Conduct long-term monitoring of algal pigments 
on a real-time or near real-time basis for 
strategic locations (and times) 

•Monitoring must be scalable and affordable –
likely a combination of robust, unattended algal 
pigment sensors together with the participation 
of trained citizen scientists and crowdsourcing  



Overall general timeline . . . 
2019 – 2020
•Laboratory Testing and Verification of Data Sondes

and Sensors
• Purchased two In-Situ Aqua TROLL 500 Multi-

parameter Sondes with interchangeable sensors

• Building new Intelligent River® buoys 

2020
•Clemson Pond Deployments

2020 – 2021
•Coastal Pond Deployments



-Water Quantity/Quality
-Commercial and Custom
-Always improving
-focus on sensors that 
can be deployed long-
term without human 
intervention.
-Verify with field sample 
measurements

-Low-cost commercial 
options with development 
(Cellular and LoraWan
tested and deployed)
-Low-cost cellular IR Board

-Enclosure/Battery/Power 
systems are key to long-
term, low cost 
deployments

IR Buoy

-Cellular Sims for data 
using new LPWANs are 
relatively low cost ($5-
$8/month) and designed 
for group management.

-New IR data storage 
system has been 
developed.
-Designed to store 
extensive system 
metadata for failure 
analytics and data chain of 
custody, and be linked to 
AI systems for decision 
making.
-Phone application to 
manage deployments

New sensors, platforms, and data repository to 
enable water quantity and quality monitoring 
for South Carolina.



Data Storage & Analytics

A new modern cloud-based data warehouse has been developed that will 
support thousands of deployments.  Key features include tracking of each 
component, deployment, or servicing event, so that data can be associated with a 
chain of custody and method.  A phone-based application is used to manage 
deployment and service events.  Data can easily be shared to machine learning 
platforms and algorithms.



Buoy System

Long-term unattended deployments require careful engineering of the 
deployment systems which include enclosures, batteries, charging, sensor 
mounting, and wiring.  

The Intelligent River buoy system is able to communicate using new low-power 
cellular networks with extended battery life using a custom Carrier Board that 
reduces power usage between samples.



Sondes

In-Situ provides a lower cost sonde platform that has an interchangeable sensor 
system (DO, turbidity, temperature/conductivity, pH, and sensors suitable for 
detecting HABs based on algal pigments.  

Aqua TROLL 500 Sonde Chlorophyll a Sensor Phycocyanin Sensor



Citizen Science Sensors

Low-cost, chip-based spectrophotometers are being developed to allow citizen 
scientists to use cellphone-connected sensors. Different LEDs are selected as light 
sources to distinguish different algal pigments.

Test custom spectrophotometer board



Expected Project Outcomes . . . 

•Rigorous testing and validation of an algal 
pigment-based sensor platform that is 
scalable and can be incorporated within the 
Intelligent River® monitoring network

•Citizen science and crowdsourcing to provide 
a more affordable and resilient approach for 
HAB monitoring 

•Detection of algal pigments above specified 
threshold levels will serve as an early warning 
for the potential formation of HABs  



Supplemental Slides . . . 



Excitation and emission wavelengths for measuring Chlorophyll a



Excitation and emission wavelengths for measuring Phycocyanin


