
 1

1 Introduction

1.1 Overview

Although global pollution has been an ongoing phenomenon since Roman 
times, environmental toxicology as a formal discipline emerged relatively 
recently. It can be argued that major pollution and contamination episodes 
around the world provided the impetus for a scientific recording and analysis 
of the impact on society and on the ecology of pristine and damaged habitats. 
A convenient but important historical point is undeniably the deployment of 
two atomic weapons at Hiroshima and Nagasaki in Japan in 1945. The phys-
ical devastation caused by the detonation of these two atomic devices will for-
ever represent an ignominious phase in human history. In addition, however, 
whereas the infrastructure has now been restored in both cities, the toxic legacy 
remains to the present time, representing the most cogent exemplification of 
‘Man’s inhumanity to man’.

A significant development in the UK occurred in 1952 with an event 
generally known as the ‘Great Smog of London’. The roles of particulates 
caused by coal-burning and a mixture of gaseous pollutants were clearly 
identified as the underlying features. The headline that annual air pollution 
limits for London were breached within the first week of January 2017 dem-
onstrated that meagre progress has been achieved since 1952. However, the 
Mayor of London claimed that limited progress on nitrogen dioxide emis-
sions has been recorded since 2017 (Khan, 2018). Meanwhile, the New 
Delhi smog of 2019 will be recorded in history as another example of 
political apathy and regulatory failure, resulting in severe health risks for 
vulnerable residents.

In 1967 and subsequently, pollution events were characterized by major 
oil spills in various accidents worldwide, raising new challenges in terms of 
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chemical and physical effects, with profound implications for ecotoxicity. 
The toxic legacy associated with crude oil pollution in the Exxon Valdez oil 
spill in 1989 with respect to wildlife recovery remains to the present time. 
Meanwhile, the Deepwater Horizon oil spill in 2010 represents a more 
modern beacon of ecotoxicity, with implications resonating long into the 
future.

Another major environmental contamination incident relates to the acci-
dental emissions of radioactive substances from nuclear power stations in the 
USA (Three Mile Island), Ukraine (Chernobyl) and Japan (Fukushima). In add-
ition, there are regular reports of radiation leaks from nuclear plants and sub-
marines as well as storage facilities on both sides of the Atlantic. A number 
of these and other case studies will be presented for analysis in the following 
chapters.

1.2  Three Environmental Emergencies: Climate Change, 
Increased Human Morbidity and Ecotoxicity

The disproportionate emphasis on climate change, relative to environmental 
toxicology of pollutants, can no longer be justified in the light of unequivocal 
evidence of the profound risks consistently linked to human health and eco-
logical emergencies (Fig. 1.1). The current environmental debate, focusing 
on the failure to reduce agreed global greenhouse gas emissions, has, to an 
alarming extent, overshadowed the urgent need to curb exposures of hu-
mans and wildlife to major pollutants, including nitrogen dioxide, sulfur di-
oxide, POPs, pesticides, heavy metals and radionuclides. This situation has 
to change to rebalance the debate and to ensure formulation and enforce-
ment of a comprehensive and legally binding set of regulations for damage 
limitation.

It is well known that biological systems are influenced by physical factors, 
and photosynthesis in plants is the prime example of this effect. It is therefore 
important to recognize that climate change may impact on the emission of 
certain contaminants and pollutants that adversely affect living organisms, re-
sulting in unintended consequences. For example, increased drought may be 
a predisposing factor in the incidence of spontaneous or accidental wildfires 
(as in California, USA, and Australia), thereby resulting in increased exposure 
of local residents to harmful particulates. Again, if the recommendation to con-
sume less meat to control methane emissions is adopted, then the reliance on 
plant-based foods would inevitably lead to increased applications of fertilizers 
and pesticides, while land use and water resources would impose additional 
constraints. Excessive use of fertilizers has been associated with increased oc-
currence of toxic algal blooms, while pesticides have long been recognized 
as outright poisons, endangering human health and survival of wildlife spe-
cies, including insects, birds, reptiles and marine animals. Furthermore, the 
use of genetically modified crops might then become inevitable. It is doubtful 
whether society is ready for such an innovation, given that the full ecological 
implications remain obscure.
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1.3 Outline of Chapters

Both chemical and physical factors that contribute to human morbidity and 
ecological degradation are presented in this volume. The contaminants and 
pollutants considered here are classified within a conventional system to in-
clude biogenic compounds, ambient gases and particulates, persistent organic 
pollutants, fossil fuel constituents, heavy metals and complex polymers. In add-
ition, the impacts of radiation from specific sources are presented to exemplify 
the wide spectrum of effects on human health and ecological biodiversity.

The biogenic compounds include secondary metabolites synthesized by 
specific plants, fungi and algae. Consideration of these toxins is justified as 
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Fig. 1.1. Pathways to three environmental emergencies: climate change, increased 
human morbidity and ecotoxicity as affected by specific pollutants. Cross-linking 
shown above is designed to illustrate the impact of climatic factors on the generation 
of contaminants or pollutants harmful to human health and wildlife. Presentation 
of pollutants in red is designed to highlight the pathway of carbon to the three 
environmental emergencies, emphasizing the need to expand global objectives in 
the pursuit of carbon neutrality. Not shown is the direct effect of climate change on 
habitat degradation, which may exacerbate risks for wildlife species.
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their occurrence may be influenced by environmental factors, for example 
global climate change. In addition, plant secondary compounds are attributed 
with the potential to replace existing harmful synthetic pesticides. The toxi-
cology of biogenic substances is characterized by diverse and profound ef-
fects in humans and other vertebrates following intake via contaminated food 
and water or exposure in damp dwellings characterized by the ‘sick building 
syndrome’. Plants and microbes may also exert physical effects affecting, for 
example, habitat selection by vectors or efficacy of oceans to serve as carbon 
sinks. However, such issues are outside the scope of this volume, but should 
nevertheless be considered in the general model of biological–environmental 
interactions.

Ambient gases associated with human morbidity include ozone, nitrogen 
dioxide and sulfur dioxide, but the effects may be compounded by interactions 
with other pollutants, including polyaromatic hydrocarbons and particulates. 
Specific conditions currently under investigation include exacerbation of idio-
pathic pulmonary fibrosis, chronic obstructive pulmonary disease (COPD), 
asthma, cardiovascular disease, metabolic syndromes (particularly childhood 
obesity and type 2 diabetes), as well as diverse forms of cancer. The cognitive 
and neurological effects of air pollutants are an additional source of concern 
and in utero exposure may be a contributory feature in certain cases, such as 
the incidence of autism (Becerra et al., 2013). Interactions between certain 
gaseous pollutants and other ambient air contaminants, for example particu-
lates, inevitably add to the complexities of interpretation of emerging data for 
the above-mentioned conditions. The diverse effects of acid rain on adaptation 
mechanisms in higher plants are relevant here, due to interactions with oxides 
of nitrogen and sulfur. Responses in plants include modulation in morphology, 
nutrient uptake, primary metabolism and oxidative status.

Persistent organic pollutants are of immense significance due to low en-
vironmental degradability, presenting long-term risks for human health and 
biodiversity in the major ecosystems. The anthropogenic derivation of these 
compounds, including polychlorinated biphenyls, dioxins, pesticides and 
endocrine disruptors, only adds to public disquiet over their distribution in dif-
ferent matrices such as food, water and sediments. Issues of particular concern 
in relation to human morbidity include consequences of maternal exposure, 
transgenerational effects, reproductive dysfunction and relationship to carcino-
genesis. Also under consideration is the possible link to asthma and diabetes. 
Furthermore, the biochemical mechanisms underlying the toxicity of these pol-
lutants remain complex issues, despite recent advances in activation of recep-
tors, signalling pathways and gene expression.

The extraction, transport, refining and combustion of fossil fuels are im-
portant stages in environmental pollution, presenting diverse human health and 
habitat risks. The Torrey Canyon oil spill of 1967 remains the worst marine 
contamination incident in UK history, but images of the Exxon Valdez oil spill 
in 1989 off the coast of Alaska will readily be recalled by observers of marine 
pollution. However, the effects of the 2010 Deepwater Horizon oil discharge 
in the Gulf of Mexico continues to reverberate in ecological, regulatory and 
legal circles to the present time. It should be noted that oil leaks on a smaller 
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scale occur regularly, affecting sensitive ecosystems around extraction wells. 
Consequently, it is important to determine the extent to which coastal and 
marine species can recover after oil contamination events, minor or major. 
Similarly, human health and ecological risks associated with fracking technolo-
gies and coal combustion need to be evaluated in the light of emerging evi-
dence of detrimental effects for human health and biodiversity.

The toxicology of heavy metals has not been consigned to history but con-
tinues to cause concern due to increasing exposures associated with mining, 
coal combustion, deforestation and accidental discharges. Mercury pollution 
is still a persistent issue worldwide, following identification of this heavy metal 
in the Minamata poisoning episode some 60 years ago. This incident occurred 
in Japan following the consumption by entire coastal communities of seafood 
contaminated with industrial sources of mercury. In addition, the burgeoning 
global accumulation of electronic waste is creating toxic burdens for commu-
nities in developing countries where small-scale processing is performed on 
behalf of affluent customers elsewhere. In this chapter, particular emphasis 
will be given to methyl mercury, lead, cadmium and arsenic, reviewing di-
verse physiological and behavioural changes as well as ecotoxicological 
implications.

Global consumerism and lifestyle choices threaten the well-being and, in-
deed, survival of numerous marine species due to inappropriate disposal of 
plastics, pharmaceuticals and personal care products. It is opportune to con-
sider the wide-ranging physical and physiological effects caused by these 
disparate environmental contaminants. This chapter will reflect the need for 
immediate action, particularly since endangered species are already subjected 
to a variety of other pollutants while simultaneously attempting to adapt to cli-
mate change and habitat deterioration.

Three major classes of human health risks associated with radiation are 
presented in this volume, covering radionuclide contamination (underlining in 
particular the Chernobyl and Fukushima nuclear plant accidents), as well as 
exposures to radon and ultraviolet light. Although common themes in adverse 
effects can be discerned, unique manifestations are also emerging which may 
determine future lines of investigation.

The penultimate chapter is devoted to a consideration of the mechanisms 
of adaptation in microbes and higher plants in response to abiotic stresses im-
posed by adverse environmental conditions. Exposure to low pH, water deficit 
and organic and inorganic contaminants can affect biological systems and in-
stigate adaptive mechanisms. It is widely acknowledged that these responses 
are maximal in microbes, compared with higher plants. Understanding these 
mechanisms may provide insight into the potential for bioremediation in con-
taminated ecosystems.

The final chapter is designed to use the basic toxicology of contaminants 
and pollutants to address real-time human health and ecological risks associ-
ated with vehicle emissions, industrial legacies, fuel extraction and transport, 
metal recycling, consumerism and radiation. It is also important to examine the 
constraints in the monitoring and regulation of emission of toxic compounds 
into the environment, given the duplicity and lack of disclosure among the 
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major contributors to pollution. The successes and failures of environmental 
protection agencies are presented in the form of specific case studies.

1.4 Methodology

Well-established protocols exist to evaluate the toxic potential of contaminants 
and pollutants. These focus principally on the assessment of acute toxicity or 
effects induced by chronic exposure and are derived from methods used in the 
design of pharmaceuticals and pesticides. The passage of time has done little 
to remove the major limitations in the systems employed in the determination 
of potential harm attributed to specific contaminants and pollutants. It is im-
portant to bear in mind that a particular compound may be associated with 
both acute and chronic effects and that biological species is invariably a critical 
factor in the interpretation of results.

Acute toxicity assessments are based on quantitative lethality data ob-
tained with a population of test organisms in a dose–response trial. Graded 
doses of the toxin under investigation are used to determine the effects on 
potential lethality for the test organisms. The dose–response so obtained will 
correspond to a sigmoid shape, with low doses causing small but perceptible 
effects, followed by a steep increase in lethality up to an asymptote of 100% 
mortality in the population of organisms. It is conventional to express the 
results as lethal dose values (LD50), in other words, the dose required to kill 
50% of the population of test organisms. In an ecological context the results 
are reported as lethal concentration values (LC50) and relate to the concentra-
tion of the test compound required to kill 50% of the population in aquatic 
or atmospheric systems. These determinations are typically short-term, over 
a few hours or days, providing insufficient data to assess long-term effects at 
lower doses or concentration; in addition, mechanisms of action of the test 
compound remain obscure. Nevertheless, LD50 and LC50 data are a useful first 
step in determining potential toxicity. It is helpful to note that examples of 
acute toxicity are not confined merely to laboratory investigations (see Case 
Study 1.1).

Lethality is a fundamental criterion used to determine the efficacy of pes-
ticides. Toxicity evaluations by manufacturers typically focus on relatively 
short-term tests with mammalian models (rodents) to establish risks for humans 
consuming pesticide-treated foods. However, the impact on invertebrates, 
aquatic animals and other non-target species is often not considered. A recent 
investigation illustrates the point regarding a widely used neonicotinoid in-
secticide introduced into Japan in 1993. Numbers of arthropods in Lake Shinji 
were decimated almost immediately, leading to a collapse of the food web 
in the aquatic ecosystem and the associated population of fish. These effects 
were attributed to leaching of the pesticide into the lake. Neonicotinoids are 
fatal for bees and butterflies, while other evidence implies detrimental effects 
on bird populations. More significantly, lethality tests cannot determine effects 
of pesticides as carcinogens or as agents promoting or facilitating the develop-
ment of neurodegenerative disorders in humans. Furthermore, acute toxicity 
tests cannot estimate potential legacy effects arising from persistence in the soil 
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Case Study 1.1. Acute toxicity in Salisbury (UK) and in aquatic ecosystems

LD50 and LC50 determinations are valuable tools in the assessment of the potential effi-
cacy of compounds intended for pharmaceutical and pesticide formulations with respect 
to human health and environmental impact. Such bioassays are also employed in evalu-
ating the safety of a wide range of contaminants in food and water. Although these data 
of lethality are normally obtained under relatively stringent laboratory conditions, the 
poisoning of five individuals in Salisbury brought into sharp focus, once again, a real-life 
example of acute toxicity among innocent civilians. This attack in March 2018 resulted 
in the death of one person and intensive care of the four survivors.

It has been confirmed that the agent used in the Salisbury incident was Novichok, 
one of a class of highly potent organophosphate (OP) nerve poisons, developed spe-
cifically as a lethal weapon. It has been assumed that Novichok was prepared in the 
binary form based on two innocuous compounds which were mixed just prior to de-
ployment. Anecdotal evidence indicates that the routes of exposure in the Salisbury 
included skin absorption, inhalation and ingestion with food and drink. The LD50 
value has been estimated at 0.22 μg kg–1 for humans. The expression of toxicity 
is progressive and extremely rapid, proceeding from neurotoxicity, seizures, severe 
respiratory distress, coma and death. The mechanism of action, as with all OP com-
pounds, is via the irreversible binding of the agent with acetylcholinesterase to pro-
duce a cholinergic toxidrome in affected individuals. Inhibition of this critical enzyme 
prevents the physiological breakdown of acetylcholine, thus interfering with normal 
neurotransmission.

The treatment protocol involves immediate provision of oxygen, resuscitation and 
decontamination of patients and the local environment to prevent further exposure and 
dispersal of the nerve poison. The prophylactic measures include the administration 
of anticholinergic drugs, anticonvulsants and reactivation of the acetylcholinesterase 
system through the use of oximes. Specifically, intravenous provision of atropine and 
pralidoxime have been cited in the medical literature. It is assumed that such procedures 
were adopted in the Salisbury poisoning, but in any case, the resuscitation strategies 
and clinical approach have been well rehearsed following numerous incidents of serious 
OP pesticide intoxication in human subjects over several decades.

Malathion has emerged as a prominent example of an OP insecticide in common 
use worldwide. It is well recognized for its high lethality towards target insects and low 
to moderate toxicity in humans and other mammals. However, malathion is associated 
with severe detrimental effects in aquatic ecosystems. For example, it is highly toxic to 
freshwater invertebrates as demonstrated in bioassays with the test species Daphnia 
magna. Malathion is also lethal towards fish and there is, therefore, widespread con-
cern about the general environmental implications of continuing use of this pesticide in 
intensive farming.

 •  Can you summarize the circumstances surrounding the fatal ricin poisoning near 
Waterloo Bridge in London in 1978?

 •  How does this event compare with the sarin poisoning incident in a Tokyo subway in 
1995?
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or aquatic ecosystems. Nevertheless, it should be noted that premature mor-
tality is an important outcome in the long-term toxicity of several pollutants 
described in this volume.

Chronic toxicity is, by definition, based on assessment of adverse effects 
following long-term exposure to a particular contaminant or other poten-
tially harmful substance. Such procedures provide a more realistic appreci-
ation of deleterious consequences to individuals or populations and there is 
also scope for elucidating the mechanisms underlying these manifestations. 
Although chronic toxicity may be determined under laboratory conditions, 
more typically they are linked with epidemiological studies using a variety of 
correlation models. For example, the association of lung cancer with cigarette 
smoking was first established by epidemiology before confirmatory mechan-
istic evidence emerged in subsequent investigations. It will be apparent that 
long-term exposure to pollutants and other contaminants will result in a wide 
range of manifestations in individuals and populations of living organisms. In 
vertebrate animals (including humans), gross manifestations might include re-
duced growth and development usually accompanied by loss of appetite, but 
aberrations in organ morphology and functions may also occur. For example, 
the lungs are often affected by traffic pollutants, instigating or exacerbating pul-
monary functions in disorders such as asthma, chronic obstructive pulmonary 
disease and cancer. Another target organ is the heart and there is accumulating 
evidence of the detrimental impact of common pollutants on cardiovascular 
disease. Although normally associated with extensive detoxification pathways, 
the liver can also be affected adversely by toxic contaminants and pollutants. 
A number of these compounds may also damage the kidney. Of increasing 
interest is the impact on the central nervous system, particularly the brain, but 
the peripheral system may also be affected. How conditions such as autism, 
cognitive impairments and related disorders are affected by pollutants is cur-
rently under active consideration. A matter of much concern is the disruption of 
the endocrine system and functions in humans and endangered animal species. 
At the subcellular level, DNA damage may result in the initiation and expres-
sion of mutational disorders. The production of characteristic metabolites and 
DNA adducts during metabolic processes can occasionally serve as biomarkers 
linking adverse effects with specific contaminants or pollutants.

The procedures described above may be defined as in vivo studies. However, 
due to disquiet over the use of live animals in lethality tests, alternative method-
ologies have emerged over recent decades based on in vitro cytotoxicity assess-
ments of contaminants and pollutants. For example, hepatocytes are frequently 
used, but it is important to recognize that such investigations cannot be used to 
predict the outcome for any resulting transformation metabolites in other tissues 
or organs such as the pulmonary, renal or central nervous systems.

Integrated into the standard methodologies of toxicity assessments are add-
itional terms applied widely for investigating the safety or otherwise of food 
contaminants and environmental pollutants. For example, LOAEL refers to the 
lowest observed adverse effect level, whereas NOAEL means no observable 
adverse effect level.

In this volume a comprehensive range of adverse effects is considered in 
addition to questions of lethality and implications for individuals predisposed 
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to conditions such as asthma, cystic fibrosis, COPD and cardiovascular 
disease. Thus, the impacts on sleep deprivation caused by light and noise pol-
lution are relevant here.

1.5 Exposure Pathways

In the case of food and water contaminants, the primary route of entry would 
be oral intake. This would also apply to neonates reliant on mother’s milk, an 
exposure pathway continuing to cause concern among environmental scientists 
(Tsygankov et al., 2019). For a variety of gaseous pollutants and particulates, 
inhalation into the lungs would be the most important pathway. Absorption 
through the skin is another route of entry into the body. Of increasing concern 
is the development of disorders arising from inadvertent in utero exposure, 
adversely affecting health outcomes in offspring (Fig.1.2). In higher plants, the 
major routes of entry are the roots and the stomata in the leaves.

1.6 Interactions

The difficulties with ascribing toxic effects to a particular contaminant or pol-
lutant are amplified in cases involving complex interactions. It is important to 
distinguish between genuine and confounding factors that might contribute to 
toxicity, particularly when considering the impact of a cocktail of potentially 
harmful compounds. At the simplest level, the effects of the individual com-
ponents in these mixtures might be additive, making interpretation relatively 
straightforward (Fig. 1.3). However, when the components act synergistically 
(Fig. 1.4) or via a potentiation mechanism, then risk assessment and prediction 
of likely outcomes becomes considerably more controversial. For example, 
evaluating the relative effects of gaseous pollutants and particulates in urban 
environments with heavy traffic is destined to challenge both toxicologists and 
regulators. Another example of interactions is the photoactivation of precursors 
to yield a toxic compound. This is particularly the case with certain biogenic 
compounds associated with forms of dermatitis.

In environmental toxicology, two examples exemplify the difficulties in pre-
dicting or determining cause-and-effect issues and the impact of interactions. 
Of immense concern currently is the catastrophe labelled ‘the next ecological 
Chernobyl’ in the media. This case relates to large quantities of mercury as well 
as a pressurized storage container full of unknown hazardous chemicals in an 
abandoned Siberian factory (Balmforth and Heinrich, 2019). Oil waste pre-
sents an additional risk at that site, with the potential to pollute a nearby river, 
thereby jeopardizing the safety and health of local inhabitants and a part of the 
Russian wilderness renowned for its ecology and wildlife. The coastal green 
turtles foraging around the Great Barrier Reef in Australia endure a diverse 
burden of pollutants ranging from agricultural effluents, including pesticides, to 
industrial chemicals, pharmaceuticals and personal care products. It is, there-
fore, a challenge to apportion adverse effects on physiology and behaviour of 
these turtles (or other marine species) to a particular pollutant or to discern the 
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type of interactions involved in the manifestations of toxicity. Interpretation is 
further complicated when the effects of climate change are considered in con-
junction with pollution associated with farming, sewage disposal and personal 
care products. For example, the extent to which ocean acidification (attributed 
to rising atmospheric concentrations of CO2) interacts with land-based sources 
of pollution in the degradation of the unique coral ecosystem (Fig. 1.5) still 
cannot be quantified with any degree of confidence.

Fig. 1.2. This is undeniably an image of contentment and pride, but also one 
of vulnerability. Maternal exposure to pollutants can adversely impact on the 
development and health of infants and older children. Key pathways include placental 
transport and feeding on mother’s or cow’s milk. Of immense concern is the WHO 
announcement in 2018 that 93% of all children below the age of 15 inhaled polluted 
air. Residential exposure to vehicle exhaust emissions can initiate or exacerbate 
conditions such as cystic fibrosis and childhood asthma. While toxic air quality is 
normally associated with cities such as New Delhi, Mexico City, Los Angeles and 
London, the British Lung Foundation estimated that children’s lives were reduced by 
5 months due to pollution in Liverpool (UK, announced January 2020). Irreversible 
damage can be caused to immature and developing lungs in young children. It is 
appropriate to acknowledge here the role of mothers who, against all the odds, 
successfully secured environmental justice for communities and individuals exposed 
to lead in Flint, Michigan (USA), cadmium and other contaminants in Corby, 
Northamptonshire (UK) and air pollutants in Lewisham, London (UK). (Photograph 
‘Golden Child’ by Garry Knight is licensed under CC BY 2.0.)
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1.7 Metabolic Responses

The entry of potentially harmful compounds almost invariably provokes a 
metabolic response in living organisms as pathways are activated to diminish 
or overcome any adverse effects. Microbes possess the greatest capacity to 
metabolize deleterious substances, occasionally yielding products of higher 
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 potential toxicity. The induction of adverse effects is rarely a passive process 
even in higher plants which might, superficially at least, appear to be defence-
less. The metabolic machinery involved in defence or detoxification processes 
can be quite complex. For some pollutants, the response might entail the use of 
receptors, signalling pathways and gene expression for the synthesis of the ap-
propriate metabolizing enzymes, usually in the liver of animals. This biotrans-
formation normally proceeds in three steps. In Phase I, the toxin is modified 
in a process designed to make it more reactive, for example by hydroxylation 
catalysed by cytochrome P450 mixed-function oxidases. In Phase II, the modi-
fied molecule is conjugated with one of a variety of compounds, including 
glutathione, glycine or glucuronic acid. In Phase III, additional modifications 
may be introduced and the final product excreted in the urine via the kidneys. 
However, this process may also lead to the synthesis of reactive metabolites 
and adducts that may initiate chronic toxicity in the form of cancer and other 
conditions.

There are also significant mechanisms in higher plants to reduce the impact 
of different types of abiotic stress. One may involve the mediation of specific 
amino acids such as proline and histidine. The physical properties of proline 
associated with its cyclic structure are believed to confer particular attributes 

Fig. 1.5. Coral reefs support unique habitats for a diverse range of organisms in 
marine ecosystems. However, bleaching of corals is extensive due to rising sea 
temperatures and pollution caused by sewage and fertilizer discharges as well as use 
of sunscreens. (‘Emperor angelfish, goldies, corals and blue ocean at Elphinstone 
Reef, Red Sea, Egypt #SCUBA’ by Derek Keats is licensed under CC BY 2.0.)
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in complex formation with toxic elements. Another mechanism centres on the 
synthesis of a wide array of peptides, known as phytochelatins, capable of con-
ferring stress tolerance in the plant towards potentially toxic metals. In certain 
instances, these peptides may form part of a system that provides for chelation, 
transport and compartmental sequestration within the plant cell so that the of-
fending compound cannot interfere with the primary metabolism of the plant.

A mechanism frequently invoked to explain particular features of toxicity 
in both animals (including humans) and plants centres on the development of 
‘oxidative stress’. In the processes of metabolism, reactive oxygen and  nitrogen 
species accumulate, but the adverse effects are offset by antioxidant defences. 
Oxidative stress results from an imbalance in favour of reactive radicals and 
has been implicated in several age-related conditions such as cardiovascular, 
pulmonary and neurodegenerative diseases that might be exacerbated by 
pollutants.

1.8 Environmental Fate

Understanding the dynamics of potentially toxic compounds and other con-
taminants after release into the environment and subsequent degradation or 
partition into different phases of air, soil, sediments and aquatic systems is of 
critical significance in protecting human health and ecological biodiversity. 
Environmental fate data are essential for the completion of environmental risk 
assessments, particularly for synthetic chemicals such as dioxins and pesti-
cides. The major determinants of pathways and ultimate destination of these 
compounds will depend upon their physical characteristics and reactivity 
in different ecosystems. For example, the environmental fate of hydrophilic 
and lipophilic compounds will clearly be different. If the chemical in ques-
tion readily submits to biotransformation reactions, then the outcome might be 
more favourable compared to a more recalcitrant substance. All of these factors 
will determine the persistence of a contaminant in the environment and poten-
tial risks to human health and biodiversity.

1.9 Risk Assessment

Analysis of soil, air, water and foods provides a valuable insight into potential 
risks associated with environmental contaminants. In addition, certain living 
organisms may be suitable bioindicators, particularly in assessments of water 
quality and safety. For example, the use of eels has been advocated due to their 
relatively long lifespan, high fat content, sedentary existence at certain stages 
and feeding as benthic carnivores. Consequently, eels are able to carry signifi-
cant burdens of contaminants in their body fat reserves. However, analyses of 
blood, breast milk, organ tissue, urine and stools give a more comprehensive 
picture of exposure reflecting metabolic changes and the potential for harmful 
physiological consequences in humans and endangered animal species. The 
identification of subcellular markers such as enzymes, DNA-adducts and signature 
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molecules is also possible with advancements in appropriate methodologies. 
An example of this approach is presented by Alves et al. (2016) relating to 
ozone stress in plants. The enzymes of particular significance in risk assessment 
are those associated with antioxidant protective mechanisms, including cyto-
chrome P450, superoxide dismutase and reduced glutathione.

1.10 Key Issues

Pollution results in three environmental emergencies: climate change, human 
health disorders and existential risks for biodiversity in a variety of ecosystems. 
Although there is a clear requirement to control greenhouse gas emissions, pul-
monary and cardiovascular degeneration caused by vehicle combustion prod-
ucts can no longer be ignored, while hazards associated with persistent organic 
pollutants (POPs), recycling of heavy metals and radiation impose additional 
constraints for human health. Crude oil pollution, widespread distribution of 
endocrine disruptors and the indiscriminate use of pesticides have already con-
tributed to the extinction of numerous wildlife species, while endangering the 
very survival of apex predators. Meanwhile, disposal of plastics and personal 
care products present substantial risks for a wide range of marine species.
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1.12 Exercises

(i) Using the format presented in Figs 1.3 and 1.4, indicate how pollutant 
E might potentiate the toxicity of pollutant F.
(ii) Indicate the criteria that might be used to determine the toxic responses 
presented in Figs 1.3 and 1.4.
(iii) Explain how antagonisms between pollutants might induce adverse effects 
in living organisms.

https://www.london.gov.uk/press-releases/mayoral/londons-air-quality-still-within-legal-limits
https://www.london.gov.uk/press-releases/mayoral/londons-air-quality-still-within-legal-limits
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(iv) Comment on the difficulties in assessing the impact of interactions in 
environmental toxicology.
(v) What are the limitations of conventional acute and chronic tests in envir-
onmental toxicology?
(vi) Give examples of legacy pollutants and comment on the significance of 
these compounds in human morbidity and survival of endangered wildlife 
species.
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