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Outline 

Recent and on-going research projects 

1. Monitoring algal blooms in lakes 

(a) Earth observation 

– NERC GloboLakes, EU FP7 INFORM and MTA KTAMOP 

(b) Citizen science 

– Environment Agency Algal Blooms Pilot Project 

2. Cyanobacteria, cyanotoxins and human health  

– NERC Cyanobacteria, Environment and Human Health (CEHH) 

– EU COST Action ES1105 – “CyanoCOST” 
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1a. Monitoring algal blooms in lakes 
 - Earth observation 



GloboLakes - consortium 
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1. University of Stirling 

Andrew Tyler (PI), Peter Hunter, Vagelis Spyrakos 

2. Plymouth Marine Laboratory (PML) 

Steve Groom, Victor Vicente-Martinez, Gavin Tilstone, Giorgio Dall’Olmo 

3. University of Reading 

Christopher Merchant 

4. University of Dundee 

Mark Cutler, John Rowan, Terry Dawson, Eirini Politi 

5. Centre for Ecology and Hydrology (CEH) 

Stephen Maberly, Laurence Carvalho, Stephen Thackery, Alex Elliott 

6. University of Glasgow 

Claire Miller, Marion Scott, Ruth Haggarty 

Earth observation scientist  Bio-optical oceanographer Ecosystem modeler 

Freshwater ecologist Environmental statistician 

GloboLakes (Global Observatory of Lakes Responses to 

Environmental Change) is a 5-year NERC-funded consortium project 



GloboLakes - background 
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Water supply 

Tourism 

Recreation 

Aesthetic & cultural 

Ecosystem goods & services 

Food 

Energy Flood control 

Climate regulators 

Lakes are under increasing pressure from climate and other drivers of 

environmental change 

• >304 million lakes – important to global 
biogeochemical cycles (e.g. Bastviken et al. 
2011, Science) 

• Concern over water security (85% of 
freshwater resource) and provision of 
ecosystem goods and services 

• Global increase in the incidence, 
magnitude and duration of toxic 
cyanobacterial blooms 

• Very small proportion of lakes globally are 
routinely monitored (<0.0003%) and 
standardised approaches are lacking 



GloboLakes – objectives 
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GloboLakes is investigating the status of lakes globally and their 

responses to environmental change 

What controls the differential sensitivity 
of lakes to environmental perturbation?  

• Determine spatial and temporal trends 
and attribute causes of change for 
1000 lakes worldwide 

• Forecast lake sensitivity to 
environmental change using 
ecosystem models 

• Use knowledge to inform lake 
management and policy formation 



GloboLakes – our approach 
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Satellite-based observatory with near real-time processing for over 

1000 of world’s largest lakes 

1997 2007 2017 

MERIS: 2002-2012 

OCLI: 2014- SeaWiFS: 1997-2010 

Near 20-year time series of lake variables from Earth observing satellites Near-continuous 20-year time series of lake variables from Earth observing satellites 

Core products 
Lake surface water temperature (LSWT) 
Total suspended matter (TSM) 
Coloured dissolved organic matter (CDOM) 
Chlorophyll-a (Chla) 
C-phycocyanin (CPC) 

Secondary products 
Phytoplankton primary productivity 
Lake phenology metrics 

Web-based GIS portal 
OR 
ftp 



GloboLakes – target lakes 
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Currently approx. 1,811 water bodies globally 

Satellite-based observatory with near real-time processing for over 

1000 of world’s largest lakes and reservoirs 



GloboLakes – example products 
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R2 = 0.68 
Rel. RMSE  = 47.6% 

1:1 

Raw L1b MERIS image Raw L1b MERIS subset 

GloboLakes – example products 
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GloboLakes – example products 
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GloboLakes – example products 

Chla [mg m-3] 

Temporal evolution of a cyanobacterial bloom in Lough Neagh during 

summer 2010 

2010/02/10 2010/04/16 2010/08/15 2010/07/20 
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GloboLakes – example products 
Global Chla product (v.-1) – SeaWiFS 4km monthly composite for Aug 

1998 (produced by PML for ESA OceanColour-CCI) 

Great Lakes 

African Rift Valley 



GloboLakes – workpackages 
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WP1: EO algorithms 

for lakes (Stirling) 

WP2: Operational 

NRT processing 

(PML) 

WP3: Climate and 

catchment data 

(Dundee) 

WP4: Data integration and uncertainty 

assessment (Stirling) 

WP5: Spatial and 

temporal patterns 

(Glasgow) 

WP6: Attributing 

causes (CEH) 

WP7: 

Forecasting 

models 

(CEH) 

WP8: End-user applications for lake management 

(CEH) 

2012-15 

2013-17 

2013-15 

2014-16 

2012-17 

EO model 

development and 

processing  

Quality assurance 

Data analysis and 

interpretation 

End-user engagement 



GloboLakes – wider engagement 
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• Currently, more than 25 scientific partners from over 15 nations 

• CSIRO, Australia; CSIR, South Africa; VITO, Belgium 

• Environment Canada; Estonian Marine Institute;  

• EC Joint Research Centre; CNR-IREA, Italy;  

• INTA, Spain; CUNY, USA; Creighton, USA 

• South Florida, USA; Institute of Limnology, Nanjing… 

• Several end-user partners including UK environmental regulators 

(EA, SEPA, NIEA) 

• Engagement with UK National Centre for Earth Observation 

(NCEO), European Environment Agency, ESA and GEO 

Contributions from across the scientific and end-user communities key 

to success of wider impact 



KTAMOP – overview 
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Sustainability and environmental impact of communities living in Lake 

Balaton’s southern watershed 



1b. Monitoring algal blooms in lakes 
 - Citizen science 



EA Algal Blooms Project 
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Pilot study looking at feasibility of citizen science (and remote 
sensing) for bloom monitoring in UK 

• EA has statutory duty under national and European 
legislation to monitor water quality monitoring and 
algal bloom incidents 

• 43,738 waterbodies in UK; ~740 WFD lakes; 440 are 
currently “monitored” 

• England & Wales 2006-2010: 11 (Cat-1), 60 (Cat-2) 
and >300 (Cat-3) cyanobacteria-related incidents 
(Environment Agency) 

• Scotland 2008-2010: 458 reported incidents with 181 
exceeding WHO thresholds (cell numbers) (SEPA) 

• WFD now requires data on bloom intensity and 
frequency 



EA Algal Blooms Project 
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Pilot study looking at feasibility of citizen science (and remote 
sensing) for bloom monitoring in UK 

• 70 volunteers recruited through Cumbria Wildlife 
Trust 

• Task with monitoring 3 waterbodies (Windermere, 
Derwent Water and Bassenthwaite) every 2-3 days 
from 01 Jun to 01 Nov 

• Walked shoreline transect, with visual assessment of 
water appearance (and stick test!) 

• If water discoloured by algae or scums visible – 
samples sent to EA for microscopic inspection 

• Comparison against data from conventional 
monitoring programmes (~weekly) 

Walked transect at Harrowslack 
Bay, Windermere 



EA Algal Blooms Project 
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EA Algal Blooms Project 
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Comparison of volunteer recorded blooms against in situ monitoring data  



2. Cyanobacteria, cyanotoxins and 
human health  



Cyanobacterial toxins 

• Mass populations of cyanobacteria (blooms, scums, 
biofilms) often develop in warm, poorly flushed 
nutrient-rich waters  

• Many species and strains produce potent toxins as 
secondary metabolites 

Hepatotoxins: microcystins, nodularins, 
cylindrospermopsins 

Neurotoxins: anatoxin-a, homoanatoxin, anatoxin-
a(s), saxitoxins, BMAA 

Irritants and allergenic toxins: aplysiatoxins, 
lipopolysaccharide (LPS), endotoxins 

• Exposure routes: (i) skin contact; (ii) inhalation of 
spray during recreational activities; (iii) ingestion of 
contaminated foodstuffs or drinking water 
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Carvalho et al. (2013) J. Appl. Ecol. 



NERC CEHH project 

• Potato plants cultivated in greenhouses at SCRI, 
Dundee under spray irrigation 

• Irrigation water spiked with purified microcystins (MC) 
harvested from cyanobacteria cultures at 0 (water 
only control), 0.126, 1.26, 12.6 and 126 µg L-1 

with/without wetting agent 

• Potato plants harvested at maturity and at several 
time steps during growth 

• MC in potato tubers, roots and leaves analysed by 
ELISA (against UoD antibodies) and HPLC-PDA 

• MCs were detected by ELISA in the leaves of plants 
subject to highest dose (approx. 1 ng MC g dry wt-1 

plant tissue) 
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Investigating the potential for toxin transfer to crops intended for 
human consumption 



Other studies 

• Half-life of toxins in plant-soil 
systems varies from a few days 
to a few months 

• Uptake and persistence depends 
of toxin variant, plant species, 
microbial community,… 

• Vast majority of studies focus on 
microcystins 
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Chen et al. (2012) ES&T. 



Phytotoxic effects 
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Several studies have shown cyanotoxins (microcystins) to have 
phytotoxic effect on agricultural crops 

Effect on MC on fresh weight (columns) and length 
(line) of tomato shoots. McElhiney et al. (2001) 
Toxicon.   

• Tomato, mustard, broccoli, 
green pea, sugar pea, chick 
pea, mung bean, French 
bean, soya bean, alfalfa, 
lentil, maize, wheat,.. 



CyanoCOST 
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Cyanobacteria blooms and toxins in water resources: Occurrence, 
impacts and management 

WP1 Occurrence and monitoring; WP2 Fate, impact and health effects; WP3 Prevention 
and control measures; WP4 End-user engagement and outreach tools 
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