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Organic
• PCBs
• pesticides, herbicides
• PAH compounds (oil, burning products)
• dioxins and furans
• organometals (e.g., TBTs, TPhT)

• a large amount of other ”emerging” compounds, 
e.g., surfactants, plasticizers, flame retardants, 
pharmaceuticals, etc., etc.…

Trace metals
• Pb, Cd, Hg, Cu, Zn, Ni...

Ca. 80 000 - 100 000 chemical compounds in world seas... 
Monitoring?

!

Hazardous substances – Baltic Sea



• Pollution load estimates
• production
• use

• Concentration measurements
• sources (e.g., industrial and municipal wastewaters)
• environment
• water
• sediment
• biota

Monitoring of biological effects
• relatively sporadic in the Baltic Sea so far… BUT developing! 
• ”charismatic” species (large predatory birds, seals…)
• lower food web levels currently not targeted

...BUT THESE DO NOT REVEAL BIOLOGICAL EFFECTS.

Hazardous substances – Baltic Sea



What are biomarkers?

Substance

Exposure

Organism

Effect

Change in the organism
= biomarker



Ecosystem

Community composition

Population changes

HAZARDOUS SUBSTANCE

Increasing response time

Increasing difficulty of linkage to specific chemicals

Increasing importance of effects

Whole organism responses

Physiological changes

Biochemical changes

Changes here
can be avoided by observing

effects on BIOMARKERS
already here

Biomarkers = HEALTH CHECK



The majority of biomarkers originates from human medicine.! !

• Many biomarkers have strong mechanistic links with pathology and 
disease.

• Many biomarkers are universal, expressing throughout the biota.

• Biomarkers offer the opportunity to interprete the levels of hazardous 
substances (= environmental concentrations) in biological terms (= effects).

• Biomarkers are efficient early warning signals indicating deteriorating
environmental conditions and exposure to hazardous substances.

• Biomarkers can be used to make a health check on organisms.

What are biomarkers?



Genotoxicity

Biotransformation & transport

Oxidative defence system/stress

General stress

Cellular protection proteins

Immunosystem responses

Neurotoxicity

Endocrine disruption

Energy metabolism and 
bioenergetics

Catalase

Superoxide dismutase

Glutathione peroxidase

Glutathione reductase

Glutathione redox states 

Total oxygen scavenging capacity

Lipid peroxidation

Lysosomal membrane stability

Lysosomal structural changes 

Peroxisomal proliferation

Neutral lipid/lipofuscin accumulation

Metallothioneins

Heat-shock proteins
Phagocytosis

Total haemocyte count

Differential haemocyte count

Reactive nitrogen intermediates

Natural killer cells

Bacterial challenge assaysAcetylcholinesterase

Imposex

Intersex

Vitellogenin/vitellogenin-like proteins

Zona radiata protein

Scope for Growth

Cellular Energy Allocation

Adenylate Energy Charge

Pyruvate kinase

Lactate dehydrogenase

Mixed function oxygenases

P450 monooxygenases

Glutathione S-transferase 

Sulphoreductases

Multixenobiotic resistance

P-glycoprotein

DNA adducts

DNA damage

Micronuclei formation
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HELCOM CORESET - Recommended indicators for monitoring of 

biological effects of contaminants

“Pre-core” indicators
• General stress caused by a range of contaminants (‘‘early warning’’): lysosomal membrane 

stability in fish, bivalves or amphipods;
• Effects caused by genotoxic contaminants (‘‘early warning’’): induction of micronuclei in fish, 

bivalves or amphipods;
• Reproductive success impairments caused by a range of contaminants: embryo aberrations in 

fish (eelpout) or amphipods;
• General health status: Fish Disease Index based on externally visible fish diseases, macroscopic 

liver neoplasms, and liver histopathology

”Pre-core” indicators linked to chemical ”core” indicators
• imposex in marine prosobranch gastropods (→ tributyltin, TBT)
• PAH metabolites in fish (→ PAH compounds)

“Candidate” indicators
• Endocrine disruption: intersex or vitellogenin induction in male fish
• Neurotoxicity: acetylcholinesterase activity (AChE)
• Biotransformation: ethoxyresorufin-O-deethylase activity (EROD)



• EU Directives: Environmental Quality Standards (EQS) for chemicals and 
biological effects

• Main question: what effect levels are above EQS?

• First established for chemicals
• based on toxicity testing using standard laboratory species + safety factors

(10-100-1000 x LC50, EC50, NOEC, PNEC…)
• ecological relevance?

• Assesment Criteria for biological effects
• Background Assessment Criteria (BAC): normal variability
• Ecological Assessment Criteria (EAC): unacceptable effects for biota
• Confounding factors:

• species differences, reproductive stage
• environmental factors, nutritional status, seasonal variability
• (genetic variability), (physiological adaptation)

Assessment Criteria

Overview of chemical and biological 

effect measurements of TBT in 

sediment and biota



Assessment Criteria – AChE (neurotoxicity)

Neurotoxic chemicals inhibit AChE activity



Biomarkers in marine monitoring



Genus Mytilus
• M. edulis, M. galloprovinicialis, M. trossulus, M. californiensis, M. chilensis

– wide geographical distribution
– sessile (attached to the substrate)
– long-living
– tolerant to environmental changes
– relatively easy to handle
– filter large amounts of water ---> exposure to contaminants in water and 

particles

Mussels in biomonitoring



Davies and Vethaak (2013)

OSPAR Commission
Monitoring of the 

Northeastern Atlantic

Mussels in biomonitoring



Seasonal variability in biomarkers
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• avoiding genetic differences and physiological adaptation of organisms at 
the monitored sites

• background data similar in all caged mussels
• well-defined exposure times and sites

→ a better control over the processes →more comparable data

Mussel caging
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Katajaluoto

Biomonitoring off Helsinki WWTP
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Biomonitoring on the Finnish coast 2018-19: 
mussel caging
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Biomonitoring on the Finnish coast 2018-19: 
integrated assessment 



Thank you for your attention!


