
You are currently focusing on the effects 
of toxicant ingestion in fish. How did you 
become involved in this research field? 

My research interests are fairly broad 
within the areas of ecotoxicology and the 
pathophysiology of aquatic organisms, and 
ingestion of toxicants is one of the exposure 
routes that is especially relevant for some 
types of substances. This is particularly true 
in the context of anthropogenic particles, 
which include engineered nanoparticles 
(NPs) and microplastics (MPs), because 
filtration of these particles from the water 
column by filter-feeding organisms that are 
then consumed by fish is a realistic exposure 
scenario. Investigation of the impacts of 
ingested particles is not limited to the 
effects of toxicant absorption and internal 
tissue toxicity, but includes effects on gut 
physiology, such as motility, digestion, 
microbiota, host-microbe interactions and 
immune system function. It is also evident 
that some (perhaps most) NPs and MPs 
remain within the lumen of the gut and are 
not absorbed into internal tissues: effects 
of this exposure situation have interesting 
implications on organism health.  

How do you account for different routes of 
toxin exposure in fish? 

Toxicant exposure is largely defined by the 
physicochemical properties of the substance or 
particle. If a substance is water soluble, fish may 
be exposed via the water to a greater extent 
than ingestion (mostly by the passage of water 
over the gills, and to a much lesser extent by 
the ingestion of water itself). Substances of 
low water solubility, on the other hand, tend to 
accumulate in sediments and in lipid-rich tissues 
of organisms, and fish are more likely to be 
exposed upon ingestion of these other organisms. 

It may be that the particle readily persists 
suspended in the water column and that fish 
may be exposed to these particles in the aqueous 
phase; however, if the particles are removed from 
the water column by a filter-feeding organism, 
the number of particles a fish is exposed to can 
be considerably higher than when exposed in the 
aqueous phase only because these organisms 
can filter very large volumes of water to 
accumulate particles.

The effects of toxicant ingestion in fish have 
been investigated in numerous previous 
studies. Why do many remain limited in their 
understanding of the impact on organs and 
internal tissues?

In the context of toxicology of NPs and MPs 
after ingestion, the initial questions are how 
the particles are absorbed across epithelial 
membranes, distributed to internal tissues and 
accumulated in tissues such that direct toxicity 
can occur. Determining whether particles 
have crossed the epithelial membranes can be 
challenging and techniques for investigation 
are limited. For example, in experiments in 
which fish are fed metal nanoparticles, the 
internal tissues can be sampled at the end of 
the exposure period and the tissue samples 
acidified prior to elemental analysis; however, 
this process does not allow the presence of 
particles to be distinguished from metal ions 
that might have dissolved from the particles (ie. 

if ions were absorbed but not particles). Particles 
are different and some might be absorbed, 
while absorption of others might be minimal or 
none. First, the question of whether particles 
are absorbed and accumulate within internal 
tissues must be answered and for many particles 
investigated, absorption appears to be minimal.  

Teaching is also a fundamental part of your 
work. Could you outline some of the support 
you offer to students who are interested in 
your area of expertise?  

All of our projects engage students in research 
activities. These can vary from high school 
students on student bursaries, such as the Nuffield 
Programme, for example, undergraduate student 
research volunteers or paid research assistants, 
undergraduate honours student research projects, 
MSc/Mres postgraduate student projects and PhD 
studentships. Student engagement has been an 
essential component in many of these projects 
and students have frequently been included in 
research publications. The ability to engage and 
teach students within my research programme is a 
primary reason I have been interested in academia.  

Could you outline the progress you have made 
in your current research on the effects of NP 
ingestion and the toxicity of MPs? 

Our investigations of NPs have included 
numerous experiments with different types of 
particles, different species of fish and different 
routes of exposure. We have found absorption of 
the various particles that we have investigated is 
minimal, but there have been some effects that 
were not readily explained by the exposure that 
we continue to investigate. Among the various 
areas of interest, this work has raised changes 
in the composition of the microbial community 
in the intestine of fish. Effects have included 
changes in species richness and diversity of the 
gut microbiota in fish fed metal nanoparticles. We 
are now working to understand the consequences 
of these microbial community changes on 
overall fish health including resistance to specific 
bacterial pathogens.

Ecotoxicologist Dr Ted Henry explains how nanoparticles  
and other substances could have unexpected effects in fish
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Resolving particle toxicity 
in aquatic organisms
The potential for toxicants including particulates to influence gut microbiota and overall organism health is an 
important emerging concern. Integrated research between Heriot-Watt University, UK, and The University 
of Tennessee, USA, aims to enhance understanding of indirect effects of toxicants on health

ENGINEERED NANOPARTICLES (NPs) can 
be found in an increasingly diverse range of 
applications, from the bacteria killing properties 
of silver (Ag) and ability to make clothes odour 
resistant, to their promising potential in vaccine 
delivery. They are proving especially useful as 
a means of breaking down oil and removing 
pollution from groundwaters, including toxic 
levels of arsenic from wells. The benefits of 
employing NPs in the modern world are clearly 
evident, but in spite of these, concerns have 
emerged over the unintended impacts they 
may have as they are inevitably released into 
the environment. The quantity of manufactured 
NPs released into the environment is currently 
very low; and the fields of nanotoxicology 
and nanoecotoxicology have developed to 
investigate effects in organisms to determine 
if there is any cause for concern. There is also 
an urgent need to objectively investigate and 
report results of minimal effects on organisms 
to enable the full potential of the benefits of 
nanotechnology to be realised.  

Unlike NPs, microplastics (MPs), manufactured 
as such or the result of larger pieces of plastic 
disintegrating, are already commonly found 
in most beaches in the world. The presence 
of NPs and MPs in the water column and 
their potential to persist and accumulate is 
troubling. It is expected that the most likely 
route by which exposure will occur in fish is via 
diet. Filter-feeding organisms can accumulate 
these particles in their gut, and, when these 
organisms are ingested by fish or higher 
trophic-level organisms including humans, 
there is potential for negative effects to occur.   

NEW DIRECTIONS

Currently leading a research programme which 
focuses on the molecular ecotoxicology and 
pathophysiology of fish is Dr Ted Henry, who 

directs the Ecotoxicology and Pathophysiology 
of Aquatic Organisms research programme 
(http://epaquatic.org) that encompasses his 
activities as a reader (associate professor) in 
the School of Life Sciences at Heriot-Watt 
University in Edinburgh, Scotland, and in 
the Centre for Environmental Biotechnology 
and the Department of Forestry, Wildlife 
and Fisheries at the University of Tennessee, 
Knoxville, USA.

Typically, nanotoxicology and nanoecotoxicology 
studies have focused on the effects of NPs on 
organ toxicity and internal tissues, but there 
is scant information regarding their impact on 
endogenous microbiota and what this might 
mean for the host organism. In an effort to 
address this little understood issue, Henry 
is leading two separate yet complementary 
projects, one funded by the US National Science 
Foundation (NSF)’s Chemical, Bioengineering, 
Environmental and Transport Systems (CBET) 
division and the other by the EU’s Seventh 
Framework Programme (FP7). Differing from 
the traditional toxicology of substances, these 
investigations into particle toxicity require a more 
multidisciplinary approach due to its particle 
characterisation and detection. As such, Henry 
has helped forge crucial collaborations between 
experts in microscopy, microbiology and particle 
physics in order to determine the effects of NPs 
and MPs in the environment.

UNDERSTANDING LINKAGES

When investigations first began into the 
potential negative impacts of NPs and MPs their 
dissimilarity to traditional toxicants presented 
researchers with more than a few challenges, 
not least among them an insufficient grasp 
of the methods of testing. Consequently, 
much of the initial literature on NP toxicity is 
subject to confusing inconsistencies, such as 

that regarding titanium dioxide (TiO2) NPs. 
Widely used as a pigment and as a component 
in sunblock because of its photo-refractive 
and photo-absorptive properties, particulate 
TiO2 has been detected amongst the effluents 
released into the seas. Since contradictory 
evidence of how TiO2-NPs affect fish 
undermines the effort to determine the threat, 
a comparative study of previous reports and 
further experimentation is necessary to clear 
up old inconsistencies.

Earlier studies recording accumulations of TiO2 
appear to have suffered from experimental 
artefacts and confusion over the bioavailability 
of NPs from the external environment. Henry’s 
study gets around the problem by using an 
intravenous injection of TiO2-NPs and bulk TiO2 
using the same batch of NPs, the same species 
of rainbow trout at the same life history stages 
and the same histological, haematological and 
biochemical endpoints as previous studies in 
which exposure was via aqueous or dietary routes. 
Intravenous injection showed that the kidney 
is the principle site of accumulation, and the 
comparative nature of the study demonstrated 
that particles were not appreciably absorbed 
during aqueous or dietary exposure. Further, 
the study showed that even when present in 
tissues by injection, measured toxic effects were 
minimal leading to the conclusion that previous 
reports of minor toxicity in aqueous or dietary 
exposure routes were likely a consequence 
of disruption of external tissue surfaces (eg. 
respiratory distress at gills). 

Beyond the toxicity of the NPs themselves, 
however, lie the potential behaviours of co-
contaminants. Sorbed by MPs and NPs, the 
bioavailability of toxicants (termed here 
‘co-contaminants’) may be either increased 
or decreased by association with particles. 
Research into the aqueous aggregates of 
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ECOTOXICOLOGY AND 
PATHOPHYSIOLOGY OF AQUATIC 
ORGANISMS RESEARCH PROGRAMME 
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Buckminsterfullerene, nC60, showed that 
dissolved organic matter and other toxicants 
can associate with them. The toxicity of co-
contaminants is therefore dependent on the 
potential for the particle, in this case, nC60, 
to release it into the organism. By measuring 
the vitellogenin (vtg1A/B) gene expression 
in zebrafi sh (Danio rerio), Henry found that 
the bioavailability synthetic oestrogen (EE2) 
went down the more the levels of nC60 went 
up. The bioavailability of EE2 was reduced 
by the presence of nC60; however, this is not 
always the case.

A further study showed that mercuric ion 
(Hg2+), a substance that can be toxic to fi sh in 
the aqueous phase, is sorbed by nC60 and Hg2+  
bioavailability reduced in the water column. 
However, the Hg-nC60 aggregate, settled 
more swiftly to the sediment where the Hg2+ 
bioavailability was increased in developing 
zebrafi sh larvae. In this case, the nC60 effectively 
delivered the co-contaminant to the organisms. 
These fi ndings may determine a major agenda 
among the scientifi c community in shifting the 
focus from NPs themselves to the potentially 
toxic substances associated with them. 

FUTURE FOCUS

Infl uencing metabolism, physiology and gene 
expression, the microbial community of any 
organism is crucial to its health. The effects 
of ingested NPs on the major physiological 
functions of the gastrointestinal tract is, 
however, an understudied area of research.  
Ag and copper (Cu) NPs are both known for 
their antimicrobial properties and as such are 
used in disinfectant products, but concern has 
arisen over the effects these NPs may have on 
benefi cial endogenous microbial communities. 
Henry’s efforts to shed some light on the 
situation show that dietary exposure to 

NPs does indeed have a disruptive effect on 
zebrafi sh gut microbiota. Interestingly, each 
variable produced a unique set of disruptive 
circumstances: Ag-NPs produced different 
effects to Cu-NPs and these produced 
different effects compared to bulk delivery of 
the substances, all evidence pointing toward 
another layer of concern regarding fi sh 
exposure to NPs. 

This study has only touched upon what looks 
set to be a major fi eld of research within 
nanoecotoxicology. As an initial assessment 
it paves the way for Henry’s US-funded 
project commencing late 2014 where it will 
be possible to elaborate on the effects of the 
physical, chemical and biological processes 
of the digestive system on NPs. The link 
between toxicant effects on gut microbiota 
with consequences on overall health has 
implications that are only beginning to 
be explored. Mounting evidence based on 
previous research of NPs and MPs indicates 
that absorption of these particles may be 
minimal in aquatic organisms, and effects 
in aquatic organisms may not be related 
to any unique ‘nano-specifi c’ effects of the 
particles.  Unexpected effects of particles may 
be related to physical disruption of external 
tissue surfaces, particle facilitated delivery of 
co-contaminants to organisms, and indirect 
effects of particles within the lumen of the 
digestive tract.  

Their dissimilarity to traditional 

toxicants presented researchers 

with more than a few challenges  
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