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Overview

• Why consider the environment

• Nanomaterials through their life cycle

• Early investigations of effects of nanomaterials in the 
environment

• Increasing realism – link to industry and providing the 
environmental context

• Cross species studies

• Safety by design 

• Using toxicity information in decision making

• Acknowledgements



Why should we care about the 

Environment?

http://ocean.nowpap3.go.jp/?page_id=926

Unhealthy ecosystemHealthy ecosystem



Nanomaterials – A risk in the environment?

Risk = Hazard x Exposure
(Toxicity)



Nanotechnology Applications 

Energy

Medicine Consumer Goods

• More efficient and cost 
effective technologies for 
energy production
− Solar cells
− Fuel cells
− Batteries
− Bio fuels

• More energy efficient 
computers

• Foods and beverages
−Advanced packaging materials, 

sensors, and lab-on-chips for food 
quality testing

• Appliances and textiles
−Stain proof, water proof and 

wrinkle free textiles

• Household and cosmetics
− Self-cleaning and scratch free 
products, paints and cosmetics

• Cancer treatment
• Bone treatment
• Drug delivery
• Appetite control
• Drug development
• Medical tools
• Diagnostic tests
• Imaging

Environmental applications

• Energy efficiencies
• Waste remediation
• Removal of contaminants from 

water
• Desalination
• Reducing car emissions, NOx

conversion



Exposure / fate



P-C modifications
Interaction with pollutants

Soil

Sediments
(Gaiser et al., 2010)

‘aged’

Food chain transfer

Cosmetic

NZVI

Nanomaterial source (manufacture, use, disposal, accidental release…)



Ecotoxicology- toxicology integration

 The main findings of the toxicology can be broken down into two 

general areas:

(i) Physical and chemical characteristics

Size, surface area, dimensions, 

solubility (biopersistence, durability), 

aggregation/clumping, contaminants, composition.

(ii) Toxicological mechanisms 

Free radical and reactive oxygen species production, 

oxidative stress, inflammation, toxicokinetics

(absorption, distribution, metabolism and excretion).

 Since more toxicological studies have been completed, the 

information gained from the toxicology can be used to inform 

ecotoxicology.



Early nano ecotoxicology studies

• Back in the early 2000s it was becoming apparent that the 

nanotechnology sector was increasing at a very fast pace, 

with wide ranging applications

• The cross link between 

human nano toxicology and 

environmental nanotoxicology

was obvious





http://nanotech.lawbc.com/2008/02/articles/international/ec-asks-for-scientific-opinion-on-risk-assessment-of-products-of-nanotechnologies/
http://nanotech.lawbc.com/2008/02/articles/international/ec-asks-for-scientific-opinion-on-risk-assessment-of-products-of-nanotechnologies/






Size Dependent Particle Uptake by D. magna 
(observed via confocal microscopy) 

1000nm

Rapid uptake of fluorescence in the gut and adjacent oil storage 
droplets can be observed.
(fluorescent green carboxylated nanospheres at  2.6 μg/L for 24 hrs)

20nm

Rosenkranz et al (2009)
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Fig.2: Mortality (line) and cumulative moult (column) after treatment with 
14nm (top) and 260nm carbon black (bottom) in an acute, 96h exposure

Fig.3: Cumulative offspring after treatment with 14nm (top) and 260nm carbon black in a 
chronic, 21 day exposure

14 nm 14 nm

260 nm 260 nm

Comparing the effects of 14 nm and 

260 nm carbon black particles

Rosenkranz et al (2009)



Assessing human exposure, uptake and 

toxicity of NPs from contaminated 

environments

Joint Environment and 
Human Health 

Programme (UK)

University of 
Birmingham

University of 
Bristol

Project Aims: 
To compare the uptake and 
relative sensitivity to 
nanoparticles of invertebrates, 
fish and human models

Silver NP

Intestinal cells



Connecting ecotoxicology and 

toxicology of water-borne NP:

• Exposure of primary producers

• Exposure of invertebrates

• Exposure of fish

• Uptake into higher animals and humans

• Transport through gastro-intestinal (GIT) barriers

• Effects of NP in hepatocytes

Assessing human exposure, uptake and 

toxicity of NPs from contaminated 

environments



Study Approach

System

1. Hepatocytes:
Human (C3A), trout 
(Oncorhynchus mykiss) 
(primary)

2. Invertebrate - D. magna

3. Fish – carp (Cyprinus
carpio)

Characterisation of particles in respective media or water:
concentration, aggregation, solubility

Assess transport through gastro-intestinal barriers

Endpoints

1. Cytotoxicity (membrane 
integrity assessment)

2. Mortality, growth, moulting

3. Bioavailability



Cytotoxicity (LDH*) of Ag

C3A human hepatocytes

LD50 (Agnano) ≈ 50 mg/L

LD50 (Agbulk)  ≈ 300 mg/L

 Dose- and size-dependent toxicity

 Ag less toxic in trout hepatocytes
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Primary trout hepatocytes

LD50 (Agnano) ≈ 1000 mg/L
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* Release of enzyme lactate dehydrogenase into the 
surrounding medium upon rupture of the plasma 
membrane - marker for cell toxicity



Bulk Ag:

• 100 % mortality at 10 mg/L 

• 80 % mortality at 1 mg/L 

• No significant mortality at 0.1 
and 0.01 mg/L over 96 h

• LC50 (48hrs) ≈ 0.7mg/L

Toxicity of Ag particles to D. magna

mg/ml Ag:

Ag (bulk)
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Nano-Ag:

• 100 % mortality at 10 & 1 mg/L

• 60 % mortality at 0.1 mg/L

• No significant mortality at 

0.01 mg/L

• LC50 (48hrs) ≈ 0.3mg/L



Bioavailability of Ag in Carp 

(21 day exposures)

Ag increased in carp liver for 
both particle sizes (0.1 mg/L)

bulk Ag nano AgLiver
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Results obtained for gall bladder and gill showed enhanced values but much variability



Mortality of mass dose in 96h acute tests with micro and nano particles 

of carbon black (14 and 260 nm) and silver (35 nm and ~1um)

Control 0.01 mg/l 0.1 mg/l 1 mg/l 5 mg/l 10 mg/l
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Gaiser et al  (2011a, b)



Toxicity: CeO2, Daphnia magna

control

10 mg/l 
nano

1 mg/l nano0.1 mg/l 
nano

10 mg/l 
micro

0.1 mg/l 
micro0.01 mg/l 

micro

1 mg/l micro

0.01 mg/l 
nano

Gaiser et al 2012a
Gaiser et al 2012b



Marine macroalga

Particles: CB 14nm diameter (Degussa Printex 90)
0.1, 1, 10 and 100 mg/ml
Dynamic Light Scattering charaterisation

Organism: Macroalga Fucus serratus

Gametes      Fertilization      Body axis 
orientation      

Germination      

Time 0 1h 16h 24h 5d After Fertilization

Rhizoid 
elongation      



10 µm

Spermatozoid adsorbed
to CB aggregate

Free swimming 
spermatozoid

Physical restriction, shading?

Effects of CB NPs on  marine 
macroalga



Macroalga treated with carbon NPs



Results: Carbon nanoparticles were found to influence 

Fucus embryos development, for example by:

• Reducing fertilisation success

• Changing orientation of the body axis 

Effects of CB NPs on  marine 

macroalga



Stability in media

NP (25 nm) P (250 nm)
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• TiO2 (25 nm) and (250 nm)  10 mg/L and 100 mg/L
• Suwannee River Humic Acid  solutions of 0, 0.01, 0.1, 1, 5 and 10 mg/L

Increased humic acid concentration Jon Mullinger



Lumbriculus variegatus sub-lethal results 

on exposures to TiO2 particles 
(without/with 5 mg/L humic acid; water only 4 day exposure) 

NP (25 nm)NP (<75 nm)

P (250 nm)Functionalised NP (15 nm)

Jon Mullinger



Lumbriculus variegatus (TiO2)

Control NP (25 nm) P (250 nm) Modified NP (15 nm)*NP (<75 nm)

*Consists of a TiO2 core, an aluminium hydroxide and hydrated silica shell, and is 
functionalised with alginic acid.



Acute toxicities of different forms of Ag 

NPs (~ 10 nm) to 3 standard species
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*     p < 0.05
**    p < 0.01
***  p < 0.001

Khan et al (2015)
Kalman et al (2015)

Ag+ - exposure as silver nitrate
PVP – Polyvinylpyrrolidone
PEG – Polyethylene glycol 
Cit - Citrate

***

**

*

Kai Paul, Farhan Khan, Judit Kalman
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with dissolution, aggregate size or 
zeta potential

 Ranking depends on test species 

Acute toxicities of different forms of Ag 

NPs (~ 10 nm) to 3 standard species

Khan et al (2015)
Kalman et al (2015)



Effects of Ag NPs on C. vulgaris

Kalman et al (2015)

• Aqueous Ag was more toxic than Ag NPs to C. 

vulgaris

• Transmission electron microscopy (TEM) images 

indicated uptake and internalization of PVP-, and 

PEG-Ag NPs into the cells of C. vulgaris only at high 

exposure concentration

• Possible increase in membrane permeability led to 

the internalization of NPs

• In general uptake rate constant correlated well with 

toxicity in C. vulgaris 

• Dissolution data do not relate to toxicity, suggesting 

that dissolved Ag from Ag NPs not the only form that 

interact with the algae



Kalman et al (2015)

• Ag was assimilated from ingested algae by D. magna

• D. magna assimilated Ag from ingested Ag NP-

containing algae with a higher efficiency than algae 

pre-exposed to AgNO3

• Ag NPs were not eliminated completely from D. magna, 

suggesting possible transport of Ag NPs along the food 

chain

• In general, food is the dominant pathway of Ag uptake in 

the cases of Ag NPs. 

• In the case of aqueous Ag, water becomes the major 

source to the overall accumulation 

NanoBee project

Effects of Ag NPs on D. magna
(food vs aqueous Ag exposures)



The project

• NANOMICEX - Mitigation of risk and control of exposure in 

nanotechnology based inks and pigments

• Partners from academia and industry

• Heriot-Watt University:

– Hazard assessment of pristine and functionalised particles 

– Human and environmental exposure (and models)

– Identification of high hazard particles

– Impact of surface modifications:

Decreasing particle toxicity

Keeping pigment properties



Al2O3 Ag 
(hydrophilic)

CdSe
(QDs)

CoAl2O4 Fe2O3 TiO2 ZnO

P. sub-
capitata

L. varie-
gatus

D. magna

J774
Macro-
phages

C3A
Hepato-
cytes

A549 
Alveolar
epithelial 
type II cells

Ranking of particle acute toxicity



Modified QDs – toxicity
(with ZnS shell and Silica-Glucose ligands)

• Modified QDs are less toxic than original QDs

(macrophages)



Slide Title
Research prioritization to develop an 

Intelligent Testing Strategy 

A process that allows the risks of 
nanomaterials (NMs) to be assessed:

• Accurately

• Effectively

• Efficiently

Stone et al. 2014 

Part Fibre Toxicol 11, 9.

• Short term - understanding of the connections between 
physicochemical, exposure and hazard IDs to enable grouping/ ranking.

• Longer term - development of modelling approaches for RA with a 
continual reduction in testing.

• In the distant future RA based on modelling and extrapolations and 
only if additional information is required with focused physicochemical, 
exposure and hazard testing.







Summary

• Nanoecotoxicology has learnt a LOT from nanotoxicology

• Collaboration and interaction are essential

• The receiving environment affects fate, bioavailability and toxicity

• NMs can be taken up by the gut and sometimes translocated to other parts 

of the body (although not always)

• Respiratory surfaces (such as gills) are sometimes the most sensitive, but 

that is not always the case

• Some NMs can be passed on through the food chain

• Not all nanomaterials are equally toxic, but often toxicity in one 

model/species can be replicated in other models/species

• Physical impacts can be a problem but ‘toxic’ effects are also observed

• Population, food chain  studies and interactions with other chemicals 

provide a means of assessing long-term and indirect effects

• Assay preparation and conditions, as well as reporting of any observed 

effects need to be considered carefully – certain methods are not 

appropriate to nanomaterial hazard studies!
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Well done and thanks, Vicki!


