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Risk Assessment-Risk Management
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Risk Assessment

ENVIRONMENTAL HEALTH
Main areas of concern for Ni
•Aquatic
•Soil (Terrestrial)
•Sediment
•New Challenges
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Science Data Gaps: Nickel

� EU regulatory bodies initially proposed Ni Predicted No 
Effects Concentrations for water, sediment, and soil that 
were below natural background concentrations.  These 
proposals were up to 200 times lower than existing 
standards in some EU Member States.  Can the state of the 
science provide an appropriate approach for determining 
the risk of Ni exposure to the environment?

� No systematic review of chronic Ni ecotoxicity had been 
performed

� Information on factors controlling bioavailability in water, 
sediment, and soil were new and incomplete

� Frameworks for integrating effects and bioavailability models 
into an implementable framework were lacking

4

Environmental Risk Assessment of Nickel

� Overview 
� Relevant exposure pathways and effects assessments
� Importance of bioavailability in environmental risk assessment of 

metals
� Aquatic Compartment

� Development and use of Biotic Ligand Models in aquatic effects 
assessment

� Laboratory to Field Validation
� Sediment Compartment

� Development of toxicity data and bioavailability-based risk 
assessment tools

� Soil (Terrestrial) Compartment
� Review of terrestrial effects assessment performed in Europe
� Extension of EU effects assessment to other geographical areas

� New Challenges
� Dietary exposure, mixtures, and marine/estuarine compartments



3

5

� Implementation:
� Bioavailability concepts are gaining recognition
� Implementation of concepts into regulatory processes
� User-friendly tools under development

Overview of Environmental Scientific 
Research Program: Nickel

Overview
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Ni in the Environment

� Exposure
� Many Sources of Ni

� Ni operations

� Fossil Fuel combustion

� Fertilizer, agricultural sludge

� Products in commerce are relatively 
minor sources!

� Sources are relatively easy to identify

� Methods exist to model distributions

� Putting exposure into context requires 
relevant data on effects
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Ni in the Environment

� Ecotoxicological effects
� Laboratory data are relatively 

straightforward to produce

� Ecotoxicity data are available for plants, 
fish, amphibians, invertebrates, microbial 
processes…

� Hazard is well documented

� Does hazard data alone tell us about what 
is actually happening in the environment?
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Environmental Compartments

� Freshwater

� Marine 

� Sediment 

� Soil

� Many sources of Ni to FW
� Protection of FW ecosystems widely 

accepted

� Many Ni operations located on coasts
� Protection of marine ecosystems 

increasingly emphasized

� Sediments accumulate many 
contaminants

� Good sediment quality essential for 
good FW ecological quality

� Soils receive Ni from air, fertilizer, sludge
� Protection of natural and agricultural soil 

quality is recognized
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Interaction of Ni with ecosystems

Ni in sediment:
º S-ONi

NiSNi in porewater
Ni2+ NiLx 

Ni in sediment:
º S-OMe

MeS

Water birds

Planktivore

Piscivore

Air

Water

Grazer Phytoplankton

Filter feeders

Benthos

Phytoplankton

Zooplankton

Benthic feeder

Insectivore

Insect

Ni2+ NiLx Ni2+ 

Input via runoff

Input via air emissions
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Environmental risk assessment of metals: 
Challenges
1. Protection goals

� Commonly expressed goal: Protection of 95% of species

2. Regional variability

� Metal toxicity varies as a function of matrix (soil, water, sediment) 
chemistry

� To be protective of all situations, logical approach is to focus on 
sensitive conditions: Reasonable Worst Case 

Soil A Soil B
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Environmental risk assessment of metals: 
Challenges

3. Dilemma:
� Background concentrations in relevant 

environmental matrices (water, soil, sediment) can 
vary by an order of magnitude

� Reasonable worst case approach can lead to 
threshold concentrations that are in the range of 
natural background concentrations

� Presents obvious obstacles in terms of 
environmental management

4. Solution:
� Bioavailability normalization
� Takes site-specific chemistry into account in a 

mechanistic way
� Removes influence of toxicity test chemistry
� Maintains same level of protection (e.g., 95% of 

species protected)
� Practical, scientific and implementable approach



7

13

Aquatic Compartment
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Role of bioavailability models in freshwater 
risk assessment

Goal of Freshwater Research Program :
bioavailability-normalized 

Predicted No Effects Concentrations 
(PNECs) for freshwater

Step 1:
Develop robust,

ecologically-diverse
databases

16

• 193 individual high quality chronic data entries

• 31 species
• 19 families
• primary producers, primary consumers, omnivores, predators
• grazers, filter feeders, surface deposit feeders

Algae

Vascular plant

Invertebrate

Fish

Amphibian

Ni Aquatic Toxicity Database
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PNEC Calculation

� Predicted No Effects Concentration (PNEC) is the threshold 
effects value used in many jurisdictions (e.g., EU) as the 
environmental protection goal  

Predicted No Effects Concentration = Hazard Concentration5%

Assessment Factor

PNEC= HC5/AF

� Assessment Factor applied to account for uncertainty in HC5 
calculation

� The less uncertainty, the lower the assessment factor can be
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Goal of Freshwater Research Program :
bioavailability-normalized 

Predicted No Effects Concentrations 
(PNECs) for freshwater

Step 1:
Develop robust,

ecologically-diverse
databases

Step 2:
Develop bioavailability

models

Role of bioavailability models in freshwater 
risk assessment
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What are Biotic Ligand Models?

pH, hardness, and DOC affect Ni toxicity
• as pH � , toxicity �
• as hardness � , toxicity �
• as DOC � , toxicity �

Ni2+ is the biologically relevant form of Nickel
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Bioavailability models: Biotic Ligand Model
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Biotic ligand models:

� BLMs available for 3 standard + 1 additional specie s
� 3 trophic levels
� more than any other metal
� available for most sensitive species (Ceriodaphnia dubia)
� field validated

� Cross-species extrapolation of BLMs supported by Sp ot Check 
study
� 4 species, 5 natural waters
� Existing BLMs able to predict results of non-BLM species
� Allows for full-normalization of Ni ecotoxicity dat abase

Review of Ni BLMs
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Goal of Freshwater Research Program :
bioavailability-normalized 

Predicted No Effects Concentrations 
(PNECs) for freshwater

Step 1:
Develop robust,

ecologically-diverse
databases

Step 2:
Develop bioavailability

models
Step 3:

Integrate toxicity 
databases

and 
bioavailability models 

Role of bioavailability models in freshwater 
risk assessment
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Eco-region Approach

Objective:  Use well-characterized, “typical” systems that are
representative of EU surface waters

Result:
� seven scenarios
� geographical, geochemical, and nutrient-status coverage

26

Normalized Species Sensitivity Distribution

Lymnaea stagnalis
Ceriodaphnia dubia

Ceriodaphnia quadrangula
Lemna gibba

Peracantha truncata
Simocephalus vetulus

Ceriodaphnia pulchella
Scenedesmus accuminatus

Alona affinis
Lemna minor

Daphnia magna
Daphnia longispina

Desmodesmus spinosus
Pediastrum duplex

Clistoronia magnifica 
Chlamydomonas sp

Ankistodesmus falcatus
Hyalella azteca

Brachydanio rerio
Pimephales promelas

Coelastrum microporum
Chlorella sp.

Xenopus laevis
Oncorhynchus mykiss 

Hydra littoralis

Chironomus tentans
Brachionus calyciflorus

Bufo terrestris
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Freshwater Aquatic Effects Assessment: Range of PNE Cs

Results from selected bioavailability scenarios 

Type pH Hardness 
(mg/l CaCO3)

DOC 
(mg/l C)

HC5 
(µg Ni/L)

1. Small River 6.9 350 12 43.6

2. Medium River
3. Medium River

8.1
7.6

165
159

3.2
8.0

8.3
19.4

4. Large River 7.8 217 2.8 11.0

5. Mediterranean River 8.2 273 3.7 8.9

6. Oligotrophic Lake 7.7 48 2.5 7.3

7. Acidic Lake 6.7 28 3.8 12.3

• With Assessment Factor of 2, PNEC values will
range from 3.6 to 21.8 µg Ni/L
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Bioavailability normalization: Level of 
protection
� Basis for Assessment Factor of 2:

� Decision made by EU Technical Committee for New and Existing Substances in 
2007

� Primarily based on absence of laboratory to field data

� To address the absence of mesocosm and field data on Ni ecotoxicity, 
NiPERA funded three initiatives beginning in 2009.  These included:

1.  Mesocosm experiment

– Controlled Ni exposure in complex ecological assemblage
– Fraunhofer Institute (Schmallenberg, Germany)

2.  Field-based analysis

– Field-derived threshold under realistic exposures
– WCA Environment, Ltd. (UK)

3.  Weight of Evidence

– Critical review of mesocosm and field-based studies, and 
identification of other relevant lines of evidence

– Exponent & Windward Environment (WA, USA)
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Laboratory to Field Validation: 
Microcosm Study

� Microcosm study conducted to reduce the uncertainty in 
extrapolating from the HC5 to the field situation(s ) in the EU

30

Test system

� 14 microcosms (1 m³) with a natural sediment / sand layer 
of 20 cm and an overlaying water volume of 750 L

� (5 treatments, 2 replicates each plus 4 controls)

� Located in a temperature-controlled greenhouse at the 
Fraunhofer IME
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Study Design and Management of the systems

� Pre-treatment period over 5 months (from May to October 
2009) 

� Exposure period of 4 months (October to February 2010)

� Objective: constant nickel exposures over the 4 months:

6, 12, 24, 48, and 96 µg Ni/L
� Total and dissolved Ni concentrations in the water were 

determined 38 times in each microcosm over the 4 months Ni 
in the sediment and DGT (Diffusive Gradients in Thin films) 
measurements every four weeks

� At the end of the study, periphyton, snails and macrophytes 
were removed and analyzed for Ni content 
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Effects monitoring

� Phytoplankton 
� population abundance and community 

structure
� pigment concentrations

� Periphyton (pigments)
� Zooplankton 

� population abundances and community 
structure

� Snails 
� population abundances

� Meiozoobenthos (only at the end of the study)

� Williams-test to calculate NOECs 
� Community structure via diversity, similarity, PRCs

© Jelger Herder & Maaike Pouwels 
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Results - Water parameters

� The abiotic conditions in the systems, i.e. the pH (mean 8.6), 
hardness (mean 1 mmol/L = 100 mg CaCO3/L), and DOC 
(mean 3.8 mg/L) represent conditions of high Ni 
bioavailability . 

� HC5 were predicted by BLMs in the range of 4.2 to 6.8 µg/L

�

�

�

�

�

�
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Results - Ni concentrations in the water

� Constant and stable Ni exposure conditions
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Results - Ni concentrations in biota

� Ni was accumulated in and on periphyton and macrophytes, 
sampled at the end of the study, by mean factors around 4 000 
and 2 500, respectively. 

� However, in the snails the mean accumulation factor was below 
500 and thus, uptake of Ni via the food seems not be relevant 
for the snails.
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Results - Phytoplankton community structure 

� Long-term deviations from controls at 96 µg/L and less pronounced 
and temporarily restricted deviations at 48 µg/L (NOEC = 24 µg/L on 
days 21 and 28)
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Results - Phytoplankton population dynamics 1

� Long-term effects at 48 and 96 µg/L (NOEC = 24 µg/L)

38
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Results - Phytoplankton population dynamics 2

� NOECs of 24 µg/L for days 21 to 
42 (for increased abundance)
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� Long-term (indirect) effect at 96 
µg/L
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Results - Zooplankton

� Significantly higher abundance at 96 µg/L

� Clear trend of long-term reduced abundance at 48 µg/L, thus NOEC = 
24 µg Ni/L

� No effects on other zooplankton groups, i.e. phyllopoda
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Results – Snail abundance
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� Clear pronounced effects at 48 and 96 µg/L  (quasi extinction)

� Means of 6 to 24 µg/L always within or above range of controls

� No significant differences up to 24 µg/L (NOEC)

� However, high variability before start of exposure
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Summary

� At 48 and 96 µg/L clear effects on phytoplankton, namely 
Cryptophyceae, the snails. 

� Potential indirect effects on zooplankton, i.e. rotifers, and 
periphyton. 

� Thus, the study-specific long-term NOEC based on abundance 
is considered to be 24 µg/L (LOEC 48 µg/L).

42

Microcosm Conclusions

� The remaining uncertainty for extrapolation from th e 
microcosm study NOEC to the field is considered sma ll:
� The abiotic conditions in the systems represent conditions of high Ni 

bioavailability. 
� The community in the microcosms included species closely related 

to the most sensitive species in the Ni SSD, i.e. the snail Lymnaea 
spec. and phyllopoda like Daphnia. 

� Diversity of phyto- and zooplankton was comparable to the one in 
found in outdoor mesocosms. Also the statistical power was similar.

� Many phytoplankton species of different classes not tested before 
were present.

� The HC5 corrected for the given conditions was prot ective 
for the community in the microcosms:
� The microcosm NOEC of 24 µg Ni/L is by a factor of 3.5 to 5.7 

above the HC5 values derived for the given environmental 
conditions. 



22

43

Bioavailability normalization: Level of 
protection
� Conclusion of Weight of Evidence Analysis:

� Mesocosm study showed a community-derived NOEC above the 
laboratory-based bioavailability normalized HC5

� UK field-based data indicate that the HC5 is protective of >95% of the 
species and causes no discernable change in biodiversity

� Additional layers of conservatism are included in determining the HC5
� For example, use of most conservative BLM results in two-fold 

difference

Bioavailability-normalized HC5 offers sufficient level 
of protection

(AF should be 1?)

44

Summary of Ni Freshwater Aquatic Effects 
Assessment

� Robust chronic database
� 31 species

� More than any other substance in EU’s ESR and OECD SIDS 
programs

� Bioavailability models
� 4 species

� More than other metals

� Higher-tier data available for validation
� Mesocosm, field-derived threshold

� Basis established for bioavailability normalization
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Marine Aquatic Compartment

� The marine nickel long-
term ecotoxicity database 
is represented by:
� 15 species of marine 

organisms 

� 14 families

� Includes a wide range of 
taxonomic groups.

46

Marine Ni Aquatic Effects Assessment
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Median HC5 = 17.2 µg/L

•Currently no bioavailability correction for 
Marine Aquatic Effects is available

•AF=2

•PNEC= 8.6 µg/L
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Terrestrial Compartment
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Goal of Soil Research Program :
Achieve reasonable, scientifically-defensible

environmental quality guidelines/PNECs
for soils

Step 1:
Develop robust,

ecologically-diverse
soil database

Step 2:
Develop bioavailability

models 

Step 3:
Integrate toxicity 

databases
and 

bioavailability models 
with the 

EcoRegion Approach

Role of bioavailability models in soil risk 
assessment

50

Fungi/bacteria

Functional microbial

processes

Enzymatic processes

Invertebrates

Plants

Soil database

� 42 process/species 

� Plants: 8 different families

� Invertebrates: 3 different taxonomic groups included

� Microbial processes: 

� 6 enzymatic activities; 

� 4 process measurements; 

� 2 biomass measurements; 

� 13 fungal species

Largest and most diverse soil ecotoxicity database 
in EU and OECD programs
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Accounting for aging processes

� Aging of soluble Ni 
increases with time of 
soil:Ni contact

� Not Ni-specific

� pH dependent: no ageing at 
pH<6, but up to factor of 3 
at pH = 7.5

52

Incorporation of bioavailability: Importance of CEC
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Ni toxicity in EU soils governed by CEC
• r2 values for relationships range from 0.68 to 0.92

• slopes between Ni toxicity & CEC are the same for all species

• CEC relationships can be extrapolated among different species
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Outcome of SSD bioavailability scenario 
analysis 
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Results from the selected bioavailability scenarios  for Soil

Type Soil Use Country pH CEC 
(cmol/kg)

HC5 (mg 
Ni/kg)

1. Acid Sandy Soil Arable Soil Sweden 4.8 2.4 8.6

2. Loamy Soil Arable Soil The 
Netherlands

7.5 20 100

3. Peaty Soil Grassland The 
Netherlands

4.7 35 189

4. Acid Sandy Soil Forest Germany 3.0 6 25

5. Clay Soil Forest Greece 7.4 36 194

6. Mixed Soil Mixed Use Denmark 6.3 10 48

With Assessment Factor of 2, PNEC values will range 
from 4.3 to 97 mg Ni/kg soil

Terrestrial Effects PNECs
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Regional relevance of EU approach
� Are the bioavailability and aging concepts relevant for soils outside 

of Europe?

� Metals in Asia:

� Co-sponsors of Metals in Asia research program:
� The International Copper Association, Rio Tinto, and NiPERA

� Principal investigators were CSIRO (Australia), Chinese Academy of 
Agricultural Science (Beijing), and Chinese Academy of Science 
(Beijing, Xiamen)

56

Metals in Asia: Laboratory Results

� Toxicity data developed for species relevant to Chinese soils
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Metals in Asia: Laboratory Results

� Soil-specific results observed
� Relationships between soil 

parameters and Ni toxicity 
similar to that shown in EU 
RA soil research program

� CEC and pH showed strong 
relationships
� Together these parameters 

explained 80% of variability in 
toxicity among 18 soils
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Metals in Asia: Field Results
� Three field sites varying in soil parameters tested from June 

’07 until September ‘08
� pH: 5.3 to 8.9

� CEC: 7.5 to 19.3 cmol/kg

� Maize, wheat, rice, and rapeseed grown in each soil

� Results:
� Decrease in toxicity in alkaline soils with time, but not in acid soil

� In general, laboratory results protective of field data
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� Predictive models developed from data
� Ni toxicity predicted as a function of basic 

soil properties (pH and cation exchange 
capacity, or CEC)

� Models based on Chinese soils compared 
with EU soil models
� Chinese soil model predicts toxicity in 

both EU and Chinese soils
� Result of broader distribution of pH and 

CEC in Chinese soils
� Chinese soil models are robust

Metals in Asia: Bioavailability modeling
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Next steps

� Integrate data and models developed from MIA program
� Include other relevant Ni ecotoxicity data (e.g., from EU Risk 

Assessment database)
� Based on integrated approach, propose ranges of 

Environmental Quality Standards for Ni in soil
� Based on soil type and use

� Will provide harmonization with approaches in Australia and 
Europe
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Sediment Compartment
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Goal of Sediment Research Program :
Achieve reasonable, scientifically-defensible

environmental quality guidelines/PNECs
for sediment

Step 1:
Develop robust,

ecologically-diverse
Sediment database

Step 2:
Develop bioavailability

models 

Step 3:
Integrate toxicity 

databases
and 

bioavailability models 

Role of bioavailability models in sediment risk 
assessment

64

Introduction to Ni sediment research program

� Sediment effects assessment under EU Existing Substances 
Risk Assessment
� Toxicity data rejected
� Ni in overlying water explained toxicity 

� Conclusion i) recommended by EU Member States
� Conclusion i): More data required before conclusions of risk can be 

made

� Sediment ecotoxicity data:
� Relevant for EU ESR program
� Also for REACH, EU Water Framework Directive

� A Technical Conclusion i) Group was formed to:
� Review proposed work plan;
� Meet regularly to review results and to make consensus decisions when 

different alternatives were available in terms of testing approaches;
� Make recommendations on additional work
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Questions addressed by Technical Conclusion i) 
Reseach Program

� How do we optimize spiking 
methodology to limit Ni loss from the 
sediments?

� How can we produce a high quality, 
reliable sediment toxicity dataset?

� How can we get a better 
understanding of Ni behavior in 
sediments?

� Can we develop bioavailability 
models to predict Ni toxicity in 
sediment?

� How well do laboratory-based 
toxicity data predict field-level 
effects? 

66

Approach

� Multi-institutional collaborative effort to produce 
� Laboratory generated sediment toxicity data and extensive chemical 

characterization for nickel-spiked sediments
� Supporting field-based toxicity data and chemical characterization
� Solid-phase speciation data for laboratory spiked sediments 
� Predictive bioavailability models for Ni toxicity in sediment

� Technical oversight by Technical Conclusion i) Group
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Development of novel spiking approach (Task 
1 of USGS work)
� pH adjustment after addition of soluble Ni

� Neutralizes effect of metal hydrolysis

� Concentrated “super spike”
� Subsequnetly used to serially dilute “clean” sediment 

� 70 day spiking duration

� Based on:
� Stability and relevance of pore water [Ni]
� Control of overlying water [Ni]
� Stability of pH and acid volatile sulfide concentrations 

Results in spiked 
sediment that 
resembles field-
contaminated sediment

68

Step 2: Sediment Toxicity Data (USGS)
� Objective: Evaluate interspecies sensitivity of sediment-dwelling 

organisms to nickel-spiked sediments
� Two sediments x 6 Ni concentrations x 9 species
� Standard toxicity test methods

� Species:
1. Hyalella azteca
2. Gammarus pseudolimnaeus
3. Chironomus dilutus
4. Chironomus riparius
5. Lumbriculus variegatus
6. Tubifex tubifex
7. Lampsilis siliquoidea
8. Hexagenia sp.
9. Caenorhabditis elegans

� Model concentration-response curves (estimate EC10s)
� Characterize species-sensitivity distributions (estimate HC5)
� Examine differences in nickel bioavailability



35

69

Step 2 
Sediment Toxicity Data (USGS )

� Three species: No dose response
� C.d., C.r., T.t. 

� Test failed for C.e.

� Four species: Dose response
� H.a., G.p., H. sp., L.v., 

� One species: Possible dose response
� L.s.

� Obstacles:
� Difficult to incorporate No Effects data 

into Species Sensitivity Distribution
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Species-sensitivity distributions for TR-Ni
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Step 3: Bioavailability Modelling (USGS)

� Objectives:
� Evaluate influence of sediment characteristics on nickel toxicity 

� Approach: 
� Eight sediments covering ranges of sediment factors known to 

control metal bioavailability and chemistry

� Acid volatile sulfides (AVS)

� Organic carbon

� Fe and Mn oxyhydroxides

� Chronic toxicity tests with responsive species from Step 2

� H. azteca, G. pseudolimnaeus, Hexagenia sp., and T. tubifex

7272

Hyalella azteca (�������� )

Gammarus pseudolimnaeus
(amphipod) Tubifex tubifex ( oligochaete)

Hexagenia sp. (mayfly)

Test organisms
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Task ID Site Location
TOC 
(%)

AVS 
(umol/g)

2 SR Spring River Missouri 0.40 1.1

3 DOW Dow Creek Michigan 1.2 1.0

3 STJ St. Joseph River Michigan 1.9 4.0

3 RR2 Raisin River #2 Michigan 4.1 6.2

3 RR3 Raisin River #3 Michigan 8.1 8.5

3 P30 CERC Pond 30 Missouri 1.8 13

3 STM S. Trib. Mill Creek Michigan 8.1 26

2 WB W. Bearskin Lake Minnesota 10.5 36

Step 3: Bioavailability Modelling (USGS)

• Test sediments:

74

Step 3: Bioavailability Modelling (USGS)

� Clear bioavailability relationships:
� Amphipod species (H. azteca, G. 

pseudolimnaeus)

� Toxicity thresholds differ among 
sediments

� Weak bioavailability relationships:
� Hexagenia sp.

� No dose response
� T. tubifex
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Step 4: Bioavailability Modeling (Arche)

� Identification of key sediment parameters driving nickel 
toxicity in sediments

� Development of bioavailability models for three sediment 
species:
� Hyalella azteca
� Gammarus pseudolimneaus
� Hexagenia sp.

� Correlations and simple linear regressions
� Sediment parameters examined were:

� AVS, TOC, pH
� Fetot ,Mntot , FeSEM , MnSEM
� CEC, sand, silt, clay

76

Analysis

� Several sediment parameters were significantly correlated with the 
observed ecotoxicity values (expressed as total recoverable nickel or SEM 
nickel)

� The significant relationships between the ecotoxicity values and AVS for all 
three species suggest that a  bioavailability model based on AVS 

� AVS was the driving parameter but co-variance was seen with several other 
parameters (e.g.,  Total Fe, TOC)
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How good is the model?

� Predictive capability of model?
� Does normalization reduce variability?

78

Predictive capability H.azteca model
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Normalization procedure

Normalization equation

AVS = 1 µmol/g dry wt ()*

�!��+���

Variability
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Step 4 Results

� Clear quantitative and significant relationships could be established between 
observed toxicity and sediment parameters

� AVS can be considered the predominant parameter controlling nickel toxicity 
for all three model species

� Applying the bioavailability models clearly reduces intra-species variability. 
This reduction was the greatest for one of the most sensitive species H. 
azteca 

� Other sediment parameters were also predictive of sediment toxicity (e.g., Fe) 
and may be more pragmatic

82

Bioavailability Normalization Approach

Chronic Ni 
Database

Bioavailability
Models

SSD
Calculation

• Toxicity data available for 4 (or 5) 
species
• No response from 3 additional species 
(i.e., unbounded NOEC of > 760 mg Ni/kg) 

• AVS model used 
• Use AVS in test sediments to illustrate 
range of effects concentrations

• Outcome: HC5 value 
• No decision on Assessment Factor



42

83

0

50

100

150

200

250

300

350

0 10 20 30 40

AVS (µmol/ g dry wt.)

H
C

5 
(m

g 
N

i/k
g)

Reasonable Worst Case – 10’th Percentile AVS

West Bearskin – 90’th Percentile AVS

Dow Creek ~ 10’th Percentile AVS

Outcome: Range of HC5 values
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Step 5: Field Validation (U. Michigan, WSU)
� Field experiments conducted to validate laboratory results
� Field study conducted with 5 of 8 sediments from Laboratory testing

� Laboratory Ni spiked sediments at 3 Ni conc. (plus 1 ref)
� Endpoints:

� Short-term in-situ caged studies with H. azteca (acute toxicity)
� Long term colonization (6 months)

� Invert. abundance, taxa richness (family level), Shannon diversity, 
abundance of common and sensitive taxa

� Extensive chemical characterization
� pH (surface/pore), hardness/alkalinity (surface), DOC, ammonia 

(pore), AVS/SE-Ni (sed), TOC, total recoverable Ni, Fe/Mn oxides, 
DGT labile Fe/Mn/Ni 
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� Behavior:
� Partitioning changed over time, reflecting 

ageing process

� Toxicity:
� At 4 weeks:  

� Effects on ecological communities observed

� Relationships related to same factors 
observed in lab studies (AVS, TOC, Fe)

� At 8 weeks:

� No Ni-related effects 

� Concentrations remained as high as 3,000 
mg Ni/kg

� Conclusions
� Laboratory effects protective of field effects 

Step 5: Field Validation (U. Michigan, WSU)
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Summary: Sediment toxicity program

� Ni sediment spiking
� Relevant approach developed

� Laboratory effects
� Range of sensitivities identified

� Challenges exist to incorporate data in Species Sensitivity 
Distribution

� Bioavailability
� Statistically significant relationships, underscoring importance of 

AVS for metals in sediments

� Decrease in intra-species variability

� Field effects
� Similar bioavailability relationships to laboratory

� Decrease in effects over time needs to be accounted for in Ni 
sediment risk assessment
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New Challenges
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New challenges: Mixture effects
� Environmental exposures often occur as mixtures of metals
� General assumption is that effects occur as a result of 

additivity
� Regulatory concern: Is this assumption valid?

� Few data exist

� Metal mixture study including Ni is planned
� Cooperative effort with International Copper Association and 

International Zinc Association

� Principal Investigator: William Hendershot, McGill University, 
Montreal

� General approach: 

� Binary and tertiary exposures of Cu, Ni, and Zn to barley

� Determine mode of toxicity (additivity, synergism, antagonism)

� Modeling component: Incorporate results in predictive model

� Timing: Completed in 2012
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New Challenges: Dietborne exposure

� Dietborne exposure was identified as a potential explanation for 
results of sediment toxicity tests for Hexagenia sp.

� This is a plausible mechanism: 
� Most benthic invertebrates ingest large quantities of sediment (up 

to 100% of their body weight/day)

� Dietary exposure is repeatedly raised as a potential source of 
toxicity 

� Few data on dietborne exposure of Ni are available for sediment-
dwelling organisms

� Goal:  Compare toxicity caused by dietary and dissolved 
exposure routes
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New Challenges: Marine and estuarine 
systems

� BLMs are limited to freshwater systems
� Marine/estuarine bioavailability models?

� Scott Smith (Wilfred Laurier U.) and colleagues: Develop marine 
BLMs for Cu, Ni, Pb, and Zn

� Four year study beginning in 2011

� Marine sediment
� No chronic Ni data available

� Beginning in 2011:

� Evaluation of read-across from freshwater data

� Collection of chronic Ni data for validation

92
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Implementation
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Why bother to account for bioavailability? 

� Existing methods (based on 
hardness, suspended particulate 
matter, total concentrations) are 
poor predictors of potential 
environmental risk

� Wide scale failure of 
Environmental Quality Standards 
derived for metals if considering 
face-value comparison with 
monitoring data.
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� BLMs requires information on a large 
number of supporting physico-chemical 
parameters for each waterbody  
(model is data hungry)

� Need to be able to throughput large 
numbers of samples (>10,000)

� Need the model to run on routine office 
software

� Must not require greater levels of 
resource than existing system of 
compliance assessment!

Accounting for nickel bioavailability in a 
compliance assessment framework? 

Problem

Solution

� User-friendly Tools!

96

User-friendly BLM

� Developed by Arche (Belgium) and WCA Ltd. (UK)
� Easy to used excel-based tool that requires only 3 input 

parameters
� Developed from thousands of bioavailability-normalized HC5 

calculations 
� Relationships between  HC5 and the combination of pH, 

DOC and Ca conditions are held in ‘look up’ tables in the 
model

� The concentrations of competing cations, such as Mg, are 
estimated from the Ca concentration 

� The tool is currently available for Cu, Ni, and Zn
� Can be used by:

� Regulators to determine levels of compliance

� Researchers for scientific purposes

� Industry for risk characterization, etc.
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� Comparison of Ni screening tool performance against 
NiBLM performance 

� All concentrations in � g dissolved Ni l-1) data from 
sites across the England and Wales (n �  112) .

User-friendly BLM validation

989898

Ni Screening Tool: Interface
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Ni Screening Tool: Interface

Limited input data

Output 1:
Bioavailability-based
PNEC

Output 2:
Site-specific 
risk characterization

10
0

Ni Screening Tool: Input and Output

www.bio-met.net


