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CHEMICALS IN AQUATIC ECOSYSTEMS

Three random examples



1. Chemicals meet seals

1. Time scale

2. Old sins

3. Point and non-point sources 4. Sex matters



2. EDCs/PPCPs meet fish population

Collapse of a fish population after exposure
to a synthetic estrogen



The Experimental Lakes Area ELA



Length frequency distributions of fathead minnow captured in trap nets in reference Lake 442 (A) 
and Lake 260 (B) (amended with 5–6 ng·L−1 of EE2 in 2001–2003) during the fall of 1999–2005.

Kidd K A et al. PNAS 2007;104:8897-8901©2007 by National Academy of Sciences

1. New sins        2. low doses        3. population level response        4. time scale



Sediment toxicity profiling

1. New methods
2. Site specific RA



Sediment
Toxicity

Profiling:

An integrated
effect-based tool
for site specific

sediment quality
assessement



 Our society needs both natural and industrial chemicals and gains 
from their use. 

 The speed and complexity of the development and use of chemical 
products over past decades has not allowed knowledge of 
environmental effects to keep in pace with development

 Therefore the same chemicals in a wrong place at a wrong time at 
too high concentrations can cause detrimental effects to both 
humans and the environment. 

Why ecotoxicology?
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Why ecotoxicology?

 Timescale problem: Environmental impacts may emerge 
decades later 

 Big question: What effect has a given chemical on a certain 
ecosystem? Surprise detection essential

Ecotoxicology is a science that integrates the ecological and toxicological 
effects of chemical pollutants on populations, communities, and 

ecosystems with the fate (transport, transformation, and breakdown) of 
such pollutants in the environment (Forbes and Forbes 1994)



Some basic principles

The theoretical basis of 
ecotoxicology –

the dose-response 
relationship

Ecotoxicology is about 
the parts, ecology and 
some other sciences 

“the whole”

Important keywords:

Level of complexity
Oversimplification and 

compromises
Uncertainty 

Toxicology vs. 
ecotoxicology

Ecotoxicology vs. ecology



Ecotoxicology

Toxicology

Ecology

More than 10 million10 million 36 000 000 chemical compound have been identified
(CAS-registry). Of these, about 100,000 are produced commercially

the current world production of chemicals is about 400 million tonnes

Adequate toxicological and ecotoxicological  data have been produced
for only a very small fraction of the chemicals, and data on environmental 
pathways and ecotoxicological effects are even more sparse

Chemicals are either elements or their chemical compounds. 
They may be either naturally occurring or industrially produced.
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Biological hierarchy

 Life operates at a range of levels
 At the molecular or subcellular 

level within cells
 At the cellular level itself and 

within tissues and organs
 At the level of individual 

organism
 Within populations and 

communities
 Within ecosystems and the 

biosphere
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Point and non-
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 Why is there such a great differences in the toxicities of chemicals? 

 How does exposure time and exposure concentration affect the 
toxicity of chemicals

 How does accumulation of chemicals into biota occur in 
contaminated media (water, sediment).

 Why sediment is so important in terms of ecotoxicology

 What are the major environmental factors affecting toxicity of 
chemicals in aquatic environment

 How can we apply important ecotoxicological theories (CBR, BLM) to 
water environment

 How can we assess toxicity at the different levels of biological
organization and how observed responses are linked with one 
another

Some important questions



WHAT MAKES THE DIFFERENCE?



 The theoretical basis of ecotoxicology is

 the dose-response relationship

 “All substances are poisons; there is none which is 
not a poison. The right dose of a bioavailable 
substance, administered under realistic exposure 
conditions, differentiates a poison.”

Principle: How much is too much?



0.2 %

13.3%

18.9 %

67.6 %

0.002 %

Distribution of nonylphenol to different environmental
compartments

C9H19 (OHC2CH2) OHm

Episuite fugacity model



10.4%

40.9%
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48.6 %

0.002 %

Distribution of acrylnitrile to different 
environmental compartments

t ½= 61 h

t ½= 360 h

t ½= 720 h

t ½= 3200 h
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Episuite fugacity model



Tools for calculating fate of the chemical



Biodegradation

Persistence



Water solubility

Leaching



Octanol-water partition coefficient

Bioaccumulation and bioconcentration



Nonylphenol was the
most toxic chemical

Acute toxicity in aquatic organisms

Chronic toxicity in aquatic organisms

Acute and chronic toxicity



A role of environmental conditions

 Important contributing factor is the conditions of the 
surrounding environment. 

 Both for organic compounds and metals environmental factors 
greatly influences their fate by, together with the chemical’s 
own chemistry, influencing e.g. chemical speciation which in 
turn, by controlling solubility, sorption and volatility, will greatly 
determine the chemical persistency, bioavailability, and 
toxicity.
 pH, DOC, temperature, OC  
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What is biotic ligand model (BLM)

 The BLM is based on the hypothesis that the metal–biotic 
ligand interaction is comparable with any other reaction of a 
metal species with an organic or inorganic ligand and that 
mortality occurs when the metal–biotic ligand complex reaches 
a critical concentration (Di Toro et al. 2001).

 The critical BL concentration corresponds to a metal 
concentration on the biotic ligand that results in 50 % lethality. 



What is critical body residue approach?

 Given that the CBR depends on the mechanism of toxicity and 
mode-of-action, the molar tissue concentration causing an 
adverse biological effect is expected to be relatively constant 
across different chemicals, species, and experimental 
conditions.

 The CBR approach itself does not make a transition from 
toxicology to ecotoxicology but what does is its linkage to 
abiotic and biotic factors that modify bioavailability, 
bioaccumulation and toxic response. 



Acute toxicities (LC50) and corresponding lethal residues (LR50) 
of cadmium in Lumbriculus variegatus in varying water 
hardness and DOC-concentration at pH 7

Water sample Ca+Mg 
(mmol/l)

LC50
(µg/l)

LC50
(µmol/l)

LR50
(µmol/kg)

Regression equation  r2

Reference 
water

0.2 196 ± 4 1.74 ± 0.04 235 y =108.850x + 45.529 0.56

DOC < 0.02 
mg/l

0.5 403 ± 16 3.56 ± 0.14 251 y = 57.006x + 47.903 0.64

2.5 2020 ± 70 18.00 ± 0.62 383 y = 18.657x + 46.675 0.84

Lake 
Mekkojärvi

0.2 1120 ± 73 9.94 ± 0.65 300 y = 27.950x + 22.395 0.96

DOC 24.9 
mg/l

0.5 1689 ± 84 14.90 ± 0.74 221 y = 11.623x + 48.112 0.75

2.5 7190 ± 506 63.90 ± 4.50 401 y =  5.3796x + 57.249 0.74



Sediment associated chemicals 



MIKSI VUOSAAREN SATAMA ON EKOTOKSIKOLOGISESTI KIINNOSTAVA?

It’s not a nice to fool 
mother nature



Sediments in brackish 
and inland waters



Question no 1

 Are sediment-associated chemicals toxic for organisms?



Question no 2

 If yes, are there any 
reliable method to 
determine toxicity?



Question no 3

 Are there any specific challenges related to sediment 
toxicity?



Answer no 1

 A multitude of benthic invertebrate species inhabit the 
sediments of freshwater ecosystems. 

 Metals and organic pollutants accumulated in sediment pose 
a potential threat to benthic fauna and whole aquatic 
ecosystems. 

 The degree of effect may depend on (a) the toxicity of the 
compounds to each species and (b) the extent of exposure, 
which is influenced both by chemical properties and the 
behavior, physiology, and ecology of the organisms

 Abiotic vs. Biotic factors



Answer no 2

 As a result, controlled sediment toxicity tests are required to 
predict biological effects related to sediment contamination 

 In this context, questions of chemical-specific factors (e.g. 
essential vs. non-essential metal, lipophilicity), sensitivity of 
toxicity endpoints (sublethal vs. lethal), variability in exposure 
duration (short term vs. long term) and choice of dose 
response metrics (external vs. internal concentration) need to 
be addressed.



Answer no 3

 No,  instead of challenges there are only BIG specific 
challenges regarding sediment toxicology



 Test types and species





Organisms as targets – Test organism selection should be based on 
both environmental relevance and practical concerns

The results obtained from toxicity tests can be used to estimate and 
quantify the risks caused by chemicals or their mixtures.

Criteria for selection of test organisms:

Contact with sediment, readily available, easy to culture or collect from field,
easily identified, broad geographical distribution, tolerant of a broad range of 
sediment physico-chemical characteristics, ecologically or economically important, 
compatible with selected exposure methods and endpoints
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Importance of exposure route

 Sediment-dwelling organisms may be exposed directly to 
contaminants 
 the ingestion of sediments 

 the uptake of sediment-associated contaminants from 
interstitial and overlying water. 

 Contaminated sediments may affect water column species
 serving as a source of contaminants to overlying waters

 a sink for contaminants from overlying waters. 

 the transfer of contaminants through ecosystems 



Importance of scientific question?

 Sediment tests with aquatic organisms can be used to

 quantify the acute and chronic toxicity 

 and the bioavailability of new and presently used materials. 
 To quantify toxicity that is result from environmental processes

such as ammonia generation, pH shifts, or dissolved oxygen 
fluctuation. 

 To develop exposure-response relationships for individual toxicants 
by spiking clean sediments with varying concentrations of a test
chemical and determining the concentration that elicits the target 
response in the test organism 

 To determine the effects that the physical and chemical properties 
of sediments have on the bioavailability and toxicity of compounds. 



Practical aspects

 Sediment tests  provide  information for making decisions 
regarding the management of contaminated sediments from 
hazardous waste sites and other contaminated areas. 

 Biological tests with sediments can be used to make  
management decisions on the dredging and disposal of 
potentially contaminated sediments from rivers and harbors. 



Examples

 28 d bioaccumulation test with L. variegatus

 Hyalella azteca and Chironomus tentans freshwater sediment 
toxicity assays with 10-d acute test endpoints

 Survival

 Growth

 Biomass
 8 week reproduction test with mudsnail Potamopyrgus 

antipodarum

 Growth, reproduction, survival

 Chironomus life stage tests (from egg stage to adult stage)
 4 instars



Summary: integrated approach for the analysis and confirmation 

of effects of chemicals in aquatic ecosystems?

 Field studies
 Sampling from the polluted sites
 Identify species for ecosystem monitoring

 Laboratory studies
 Basic toxicity data (aquatic and sediment toxicity)
 Develop the links between short-term assays and a long term effects of 

survival, growth and reproduction
 Chemical analyses

 Linkage studies (Field --- laboratory)
 Develop and validate biomarkers of exposure and response for 

monitoring
 Understand the ecological significance of endpoints



HOW TO LINK DIFFERENT LEVELS 
OF BIOLOGICALORGANISATIONS?
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TRIAD – a way to handle different parts

Triad was developed for need of sediment toxicology

Bioavailability
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REPLAY

Kidd K A et al. PNAS 2007;104:8897-8901©2007 by National Academy of Sciences



Mean ± SE (n = 4–7) VTG concentrations in whole-body homogenates of male (Lower) and 
female (Upper) fathead minnow captured in 1999–2003 from reference Lakes 114 and 442 and 
from Lake 260 before and during additions of 5–6 ng·L−1 of EE2 (low catches of fish in Lake 

260 in 2004 and 2005 did not allow for these analyses in the latter 2 years of the study).

Kidd K A et al. PNAS 2007;104:8897-8901
©2007 by National Academy of Sciences
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Gonadal tissue sections from fathead minnow sampled in early May 2003.

Kidd K A et al. PNAS 2007;104:8897-8901

©2007 by National Academy of Sciences
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Dept Environ Ecol Sci OPP 2009/Aranda

Sediment toxicity of organotin 
compounds



Toxicity of sediment-associated organotins

 At year 2003, the construction work for Vuosaari harbour in 
Helsinki uncovered the Finnish tributyltin (TBT) problem. 

 Thereafter surveys conducted across Finland demonstrate 
widespread contamination with organotins in coastal water 
sediments in several areas affected by shipbuilding and 
harbour activities. 

 Later organotin compounds were found also from inland 
water sediments 

 A Finnish TBT story is a typical “late lessons, early warnings”
example. 

 The new lesson will be biological effects related to 
contamination of these sediments.



Slide by Jaakko Mannio - SYKE



Increased concentration in marine
and inland sediments

Individual responses

Population responses?

Ecosystem responses?

TBT

Interesting
species sensitivity

distribution

High bioconcentration
potential

Endocrine disrupter; imposex

Slow
degradadation
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Antifouling paints with high acute toxicity
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Outline of the current research

Marine environment
Baltic sea River Porvoonjoki

Waste waters

Inland waters under industrial pressure

Response metrics: acute and chronic toxicity
both in sediment and water

Lethal and sublethal endpoints
Mortality, growth, reproduction, changes

in behaviour

Factors affecting toxicity: site specific factors
DOC, water hardness, salinity, chemical structure

Importance of 
dose metrics

Application of
CBR

Organotin compounds: tributyltin, triphenyltin, dibutyltin, monobutyltin

Lake Vanajavesi 
(pulp and paper mills)

Organotins form chemical mixtures either with organic compounds or metals

Analytics:  MS TOF GC

Selection of relevant test species:
Mudsnail Potamopyrgus antipodarum

Oligochaete worm Lumbriculus variegatus



Dept Environ Ecol Sci OPP 2009/Aranda

Pilot study

Organotins in Helsinki marine area



From field to laboratory

 Toxicity of sediments in the Helsinki marine area was 
investigated. The sediments were collected from four sites 
which represent either low or high level of tributyltin or 
triphenyltin contamination. 

 In a laboratory, growth and reproduction of the mudsnail 
Potamopyrgus antipodarum were monitored over period of 
eight weeks. 

 Major findings indicates that variation in reproductive output 
is much more sensitive than growth as a toxicity end point
for predicting the effects of sediment contamination. 

 The results also support the contention that P. 
antipodarum is suitable  for studies focusing on the effects 
of EDCs.



How did we tested the sediments?



Reproduction test for mudsnail Potamopyrgys antipodarum. 
Suitable for EDCs 

Shelled and unshelled embryos.
Foto: Schmitt et al. 2006

Foto: Malk 2008

- mortality
- growth rate

- number of embryos



Sampling site in Helsinki marine area and growth rate of young 
embryos HS5, HS7, HS13 ja HS15

Site TBT (µg/kg) TPT (µg/kg)

HS5 160 58

HS7 350 73

HS13 34 10

HS15 140 41

Site Growth rate (mm/wk)

HS5 0.046 ± 0.023

HS7 0.022 ± 0.014

HS13 0.027 ± 0.013

HS15 0.022 ± 0.017



Reproduction at two sampling site in Helsinki marine area (HS13 ja 
HS7)

TBT-pitoisuudet on ilmoitettu normalisoituina pitoisuuksina.
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Applicability of mudsnail reproduction test

How to select suitable control 
site?

- polluted
- Different sediment properties  

- Suitable for reproduction

How to select suitable test 
water?:

- Physico-chemical properties of 
test water  

Growth: 

- Not so sensitive endpoint than 
reproduction


