
  
 

 
  

 
 
 

  
 
 
 

 
 

 

 

 

 

1 Basic Principles 

Questions 
1.1 Overview 
1.1.1. The history of global environmental pollution has been shaped 
by signifcant events including: the ‘Great Smog of _______’ in 1952; 
the 1986 Chernobyl nuclear plant explosion in _______; the Exxon 
Valdez oil spill, off the coast of _________ in 1989; the ___________ 
__________ explosion in the Gulf of Mexico in 2010. 

1.1.2. The current environmental debate, focusing entirely on the 
failure to reduce global greenhouse gas emissions, has overshadowed 
the urgent need to curb exposures of humans and wildlife to other 
___________. Additional human health disorders are often associated 
with exposures to _________ and __________ _____________. 

1.2 Methodology 
1.2.1. The existing protocols used to characterize the toxic risks of 
biogenic contaminants and environmental pollutants are: 

(a) absolutely reliable 

(b) totally inadequate 

(c) subject to continuous evaluation 

(d) only relevant for greenhouse gases 
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Basic Principles 

1.2.2. The term LD
50

 signifes: 

(a) least difference between 50 species of test organisms 

(b) lethal dose to kill 50% of a population of test organisms 

(c) local dose to harm 50% of the population 

(d) lethal defects in 50 individuals in a population exposed to polluted air 

1.2.3. The term LC
50

 signifes: 

(a) lethal concentration causing mortality in 50% of a population 
of organisms 

(b) least concentration causing mortality in 50% of a population 
of organisms 

(c) lead concentrations exceeding 50 ng l–1 blood 

(d) liquid chromatography of 50 ambient pollutants 

1.2.4. Toxicity of chemical and physical stressors resulting in lethal 
end points is: 

(a) exclusively an occupational hazard 

(b) restricted entirely to laboratory investigations 

(c) a regular occurrence with diverse implications 

(d) now consigned to history 

1.2.5. Lethality is still used as a fundamental criterion in toxicology. 
Discuss this statement, commenting also on ecological implications of 
current protocols. 

1.2.6. Write a brief note on how chronic toxicity of contaminants and 
pollutants is generally assessed. 

1.3 Exposure Pathways 
1.3.1. In humans and other vertebrates, exposures to contaminants 
and pollutants may occur via: 

(a) ingestion of food 

(b) water intake 

(c) contact with other individuals 

(d) inhalation 
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Basic Principles 

1.4 Interactions 
1.4.1. In additive interactions between two toxic pollutants, the re
sulting adverse effects on populations of organisms are: 

(a) the sum of the individual effects 

(b) greater than the sum of the individual effects 

(c) less than the sum of individual effects 

(d) of minor signifcance in risk assessment 

1.4.2. In synergistic interactions between two toxic pollutants, the re
sulting effects on populations of organisms are: 

(a) the sum of the individual effects 

(b) greater than the sum of the individual effects 

(c) less than the sum of individual effects 

(d) of no consequence in risk assessment 

1.4.3. Comment on the potential or actual significance of inter
actions in determining health outcomes for humans exposed to 
toxic pollutants. 

1.5 Cellular and Metabolic Responses 
1.5.1. Write a short note on the cellular and metabolic re
sponses that might occur on exposure of living organisms to toxic 
pollutants. 

1.6 Environmental Fate 
1.6.1. Explain why knowledge of the ultimate fate of pollutants is of 
critical importance in environmental protection and management. 

1.7 Risk Assessment and Regulation 
1.7.1. Write a short note on biomonitoring as an aid in risk 
assessment. 

1.7.2. Outline the regulatory networks currently in existence to 
control risks linked to toxic pollutants. 
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Basic Principles 

Answers 
1.1 Overview 
1.1.1. Insert, respectively: London; Ukraine; Alaska; Deepwater Horizon. 

These events raised awareness of: 

• emissions of toxic gases and particulates; 
• ionizing radiation exposures; 
• crude oil pollution; and 
• ecological impacts. 

1.1.2. Insert: pollutants; radon; ultraviolet radiation. 
The disproportionate emphasis on climate change, relative to envir

onmental toxicology can no longer be justified in the light of unequivo
cal evidence of profound adverse effects caused by: 

• nitrogen dioxide; 
• sulfur dioxide; 
• persistent organic compounds (POPs); 
• fossil fuel pollutants; 
• toxic metals; 
• consumer products and lifestyle choices; and 
• radiation in its three forms. 

1.2 Methodology 
1.2.1. Select (c). 

The protocols used to evaluate the toxic characteristics of 
contaminants and pollutants are under regular review. Traditional 
methods have relied on assessments of hazards associated with acute 
and chronic exposures, as, for example, in the safety evaluation of 
pharmaceuticals, food additives and pesticides. 

In environmental toxicology, however, risk assessment method
ologies are required to accommodate a wide spectrum of end points 
relevant to specific environmental stressors. 

Appropriate end points might include one or more of the following: 

• dermal lesions; 
•  ocular dysfunction; 
• immunosuppression; 
• reproductive disruption; 
• carcinogenesis; 
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Basic Principles 

• respiratory disorders; 
• cardiovascular disease; 
• neurodegenerative disorders; and 
• mortality. 

In ecological settings, relevant end points generally include: 

• lethality; 
• reproductive disruption; 
• relative abundance of endangered wildlife species; 
• behavioural responses; 
• recovery of wildlife species following significant pollution events; 
• bleaching of coral species; and 
• habitat degradation and loss. 

Acute and chronic assays can only provide limited data in respect 
of the end points cited above and the development of more sophisti
cated techniques is, therefore, required. Furthermore, extrapolation of 
data obtained with laboratory models to humans is problematic. Thus, 
unravelling interactions between ambient pollutants and underlying 
conditions such as respiratory or cardiovascular disease is more chal
lenging in standard toxicity assays. 

Another major limitation of traditional methodologies has been reli
ance on the use of rodent models in laboratory tests. Such assays are 
not only expensive to conduct but also provoke protests from certain 
sections of society. Currently, there is considerable interest in the use 
of a zebra fish model to replace rodents in laboratory assays. Reference 
to this model will appear in subsequent chapters in this volume. 

It is often suggested that greater reliance should be placed on 
in vitro investigations using, for example, human hepatoma cells 
(Arumugam et al., 2021). However, interorgan dynamics and biotrans
formation cannot be fully replicated under these conditions. 

Increasingly, researchers are turning to epidemiological models, as 
exemplified in previous wellknown correlations linking tobacco smok
ing with lung cancer as well as excessive alcohol consumption with 
liver cirrhosis. 

• Can you define ‘epidemiology’? 
1.2.2. Select (b). 

LD50
 represents the lethal dose to kill 50% of a population of test 

organisms. The LD
50

 assay is a quantitative assessment of acute toxicity 
of a specific/suspected stressor. 
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Basic Principles 

Lethality data are generally obtained with a population of test 
organisms in a dose–response experiment. Graded doses of the toxi
cant under investigation are used to determine the effects on potential 
mortality for the test organisms. The dose–response curve 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. 

Despite wellestablished limitations, LD50
 assays are still used in 

research trials, particularly for emerging toxins and pesticides. It is 
worthwhile reading the paper by BoenteJuncal et al. (2020) for deriva
tion of no observed adverse effect level (NOAEL) from the LD

50
 data. 

• Can you draw a sigmoid curve?
• Has the application of NOAEL been explained by your course

lecturer?
1.2.3. Select (a). 

In an ecological context, acute toxicity results are reported as LC
50 

values and relate to the concentration of the test compound required to 
kill 50% of the population in aquatic or atmospheric systems. Favoured 
test organisms used in environmental biomonitoring include species of 
Daphnia. The paper by Kergaraval et al. (2021) provides an update on 
the use of this species in the ecotoxicity of antibiotics. 

• Can you name another species used in biomonitoring?
1.2.4. Select (c). 

Toxicity of chemical and physical stressors resulting in lethality 
is a regular occurrence, impacting human communities and wildlife. 
Indeed, toxicology is founded on numerous historical, and occasion
ally anecdotal, examples of harm. There are still regular occurrences 
that raise issues of concern and requiring further investigation, and 
not just for humans. Examples below are selected to illustrate diverse 
impacts of: 

• vehicular pollution:
◦ gaseous;
◦ particulates;

• radionuclide emissions;
• climate change and algal blooms:

◦ toxins;
◦ anoxic effects; and

• pesticides.
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Basic Principles 

The Great Smog of London claimed the lives of approximately 4000 
individuals in 1952, attributed to the use of coal for domestic heating 
and industrial purposes. Fatalities continue to be registered in London 
and across the globe due to road traffic pollution produced during gas
oline combustion in vehicle engines. Premature mortality is a particular 
feature for individuals with underlying conditions such as respiratory 
or cardiovascular disease residing in polluted cities. 

In 2020, alerts were issued over predictions of an ‘ecological disaster’ 
in Kenyan Rift Valley lakes relating to deaths of over 300 elephants at water
holes in Central Africa. It is now emerging that the alkaline stagnant waters 
in these lakes promotes the proliferation and growth of toxic algal blooms. 

In other ecological settings, there are serious concerns over the 
virtual extinction of several species of insects, attributed to increasing 
and indiscriminate use of pesticides. 

• What are the major classes of pesticides? 
1.2.5. Although much maligned by toxicologists, particularly regarding 
acute tests, lethality is still a fundamental criterion used to determine 
the effcacy of pesticides. Indeed, the US Environmental Protection 
Agency (EPA), as well as other regulatory authorities, regularly evaluate 
pesticides in the light of lethality data. 

Relevant issues to consider include: 

• duration of assays; 
• impact on nontarget species; 
• a case study: 

◦ neonicotinoid insecticide; and 
• limitations. 

Toxicity evaluations by manufacturers typically focus on relatively 
shortterm tests with mammalian models (rodents) to establish risks 
for humans consuming pesticidetreated foods. However, the impact 
on invertebrates, aquatic animals and other nontarget species is often 
not considered in satisfactory detail. The observations in a case study 
illustrate the point regarding a widely used neonicotinoid insecticide 
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, thereby adversely impacting on popula
tions of fish. These effects were attributed to leaching of the pesticide 
into the lake. Neonicotinoids and other pesticides are fatal for bees 
and butterflies, while other evidence implies detrimental effects on 
bird populations. 
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Basic Principles 

More significantly, however, lethality tests cannot be used to 
determine effects of pesticides as carcinogens or as agents promot
ing or facilitating the development of neurodegenerative disorders in 
humans. 

1.2.6. Chronic toxicity observations enable scientists to assess ad
verse risks of longterm exposures to chemical or physical stressors. 
LD

50
 data provide a frst approximation of potential harm, particularly 

in the development of pharmaceuticals and pesticides. However, other 
methodologies are necessary for risk assessment of the vast majority 
of pollutants in the environment. These protocols generally rely on 
statistical analysis of epidemiological data. 

For example, Bergmans et al. (2021) used spatiotemporal and gen
eralized linear models to determine the longterm air pollution effects 
on depression in older adults. All models included demographic char
acteristics, individual and community socioeconomic status as well as 
other relevant criteria to assess risks in a cohort of adults from the US 
Health and Retirement Study. 

Mortality may be an end point, for example in cases of prolonged 
or repeated exposures in subjects compromised by underlying ill
nesses or lifestyle choices. 

Factors relating to bias, confounders, unravelling of exacerbation 
effects and causeandeffect issues form the major theme in subsequent 
chapters. 

• Can you suggest why smokers are likely to be more adversely af
fected by air pollution than nonsmokers? 

1.3 Exposure Pathways 
1.3.1. Select (a), (b) and (d). 

Food and water consumption as well as inhalation are the primary 
routes of entry of xenobiotics. Of particular concern, however, is in 
utero exposure of the fetus to these contaminants, thereby adversely 
affecting health outcomes in offspring. Similarly, neonates reliant on 
mother’s milk may also receive potentially toxic compounds. During 
both pregnancy and lactation, pollutants deposited in the mother’s 
depot reserves may reenter her circulation and, consequently, provide 
additional toxic burdens for the fetus or neonate. 

For a variety of gaseous pollutants and particulates, inhalation into 
the lungs would be the primary pathway. 

8 



 

 

 
 

 

 
 
 
 

 

 

 

 

 
 
 
 
 

 
 

Basic Principles 

Absorption through the skin is another important route of entry 
into the body. In the case of radionuclides, exposure would occur via 
multiple pathways, depending on proximity to the source of radiation. 

• Can you name the different parts of the lung? 

1.4 Interactions 
1.4.1. Select (a). 

As the term implies, additive effects represent the sum of the 
individual effects of each component in a binary mixture. In particu
lar settings, populations are often exposed to a complex array of 
pollutants. The difficulties with ascribing toxic effects to a specific 
component may, therefore, be amplified in cases where complex 
interactions occur. Thus, toxic air in polluted cities is composed of 
gaseous as well as particulate pollutants. 

1.4.2. Select (b). 
In synergistic interactions, outcomes can be considerably greater 

than the sum of individual effects of each component in a mixture. 
When the components act synergistically or via a potentiation mecha
nism, then risk assessment and prediction of likely end points become 
markedly more controversial. For example, identifying the synergistic 
effects of gaseous pollutants and particulates in polluted cities remains 
a formidable task. 

1.4.3. Given the complex array of pollutants in the environment, the 
adverse impact of interactions in human health outcomes is inevitable, 
simply on the basis of theoretical considerations. Responses to toxic 
pollutants may be infuenced by: 

• withingroup interactions, for example relating to gaseous and par
ticulates in vehicular combustion emissions; 

• betweengroup interactions, for example persistent organic pollu
tants and toxic metals; 

• underlying chronic diseases: 
◦ asthma; 
◦ cystic fibrosis; 
◦ chronic obstructive pulmonary disease; 
◦ cardiovascular disease; 

• genetic predisposition; and 
• obesity. 
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Basic Principles 

Although several of these interactions remain unresolved at pres
ent, it is nevertheless instructive and appropriate to consider likely 
implications for a variety of circumstances and pollutants. Concerns 
are heightened by a 2020 coroner’s ruling that the death of an asth
matic child was due to exacerbations caused by toxic air in London. 

• Can you explain ‘genetic predisposition’? 
• What is asthma? 

1.5 Cellular and Metabolic Responses 
1.5.1. The fundamental unit in all living organisms is the cell. It con
tains the full metabolic machinery for microbes, plants and animals to 
respond to chemical and physical stressors. The animal cell (Fig.1.1), 
for example, comprises: 

• a nucleus; 
• mitochondria; 
• endoplasmic reticulum; 
• enzymes; 
• receptors; and 
• cytoplasm, providing a medium for biochemical transformations, 

including: 
◦ Phase I reactions; 
◦ Phase II reactions; 
◦ Phase III reactions; 
◦ oxidative stress; 
◦ inflammation. 

Specialized cells develop to form the unique structures of all tis
sues and organs. In plants, distinctive features include a cell wall, chloro
plasts and vacuoles. 

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. The metabolic 
machinery involved in defence or detoxification processes is quite com
plex. For some pollutants, the response might entail the use of recep
tors, signalling pathways and gene expression for the synthesis of the 
appropriate metabolizing enzymes, usually in the liver of animals. 

Biotransformation normally proceeds in three steps. In Phase I, the 
toxin is modified in a process designed to make it more reactive, for exam
ple by hydroxylation catalysed by cytochrome P450

 mixedfunction oxidases. 

10 



 

 
 
 
 

 

 
 
 

 
 
 

 

 
 
 

Basic Principles 

Fig. 1.1. Diagrammatic representation of an animal cell. (File: structure of animal cell. 
JPG by Royroydeb is licensed under CC BYSA4.D.) 

• Copy this or a similar diagram. Insert and label the ‘endoplasmic reticulum’. 
• What is the main function of the endoplasmic reticulum? 
• In what way is this cell different from: 

◦ a neuron? 
◦ a bacterial cell? 
◦ a plant cell? 

• Can you use the article by Lee et al. (2021) to summarize the role of mitochondria 
in animal cells? 

• What is: 
◦ a hepatocyte? 
◦ an erythrocyte? 

In Phase II, the modified molecule is conjugated with one of a vari
ety 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. 

Significant mechanisms exist in higher plants to reduce the 
impact of different types of environmental stressors. One may involve 
the mediation of specific amino acids such as proline and histidine. 
Another mechanism centres on the synthesis of a wide array of pep
tides, known as phytochelatins, capable of conferring stress tolerance 
in the plant towards potentially toxic metals. 
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Basic Principles 

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 animals, inflammation is another 
component of this mechanism. Both oxidative stress and inflammation 
have been implicated in several agerelated and pollutantexacerbated 
conditions, including ocular, cardiovascular, pulmonary and neurode
generative diseases. 

• Why are mitochondria so important? 
• What is the endoplasmic reticulum? 

1.6 Environmental Fate 
1.6.1. Knowledge of the environmental fate of pollutants is of critical 
importance due to potential impacts on human health and biodiversity. 
Critical factors include: 

• intrinsic properties: 
◦ hydrophilic compounds; 
◦ lipophilic compounds; 

• degradation; 
• persistence; and 
• bioaccumulation. 

Following dispersal into the environment, pollutants may undergo 
spontaneous or microbial degradation. Alternatively, persistent chemi
cal compounds and plastics may partition into different phases of air, 
soil, sediments and aquatic systems, with longlasting implications for 
humans and wildlife. 

The major determinants of pathways and ultimate destination will 
depend upon the physical characteristics and reactivity of these con
taminants in different ecosystems. For example, the environmental 
fate of hydrophilic and lipophilic compounds will clearly be different. 

In aquatic environments, sequential transfer of persistent organic pol
lutants and metals from prey animals results in excessive accumulations 
in predators, placing these animals at risk of direct toxicity and/or endo
crine dysfunction. Bioaccumulation can also impact on human health, 
for example in communities reliant on marine products such as blubber 
which may be contaminated with pesticide residues and toxic metals. 

• What is meant by ‘hydrophilic’? 
• Can you define ‘lipophilic’? 
• What is ‘blubber’? 
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1.7 Risk Assessment and Regulation 
1.7.1. Following reports of a contamination incident, a series of 
protocols are generally adopted to assess risks to humans, fragile eco
systems and wildlife. A frst step usually involves screening of samples 
of soil, air, water and food in order to identify the nature, source 
and extent of pollution. 

However, additional biomonitoring steps are necessary to confirm expo
sures to the toxic agent(s) under investigation. Typical bioindicators include 
levels of the contaminant, enzymes, metabolites and/or hormones in: 

• blood; 
• milk; 
• urine; 
• skin; 
• stools; 
• biopsies; 
• organ tissue; 
• hair, feathers and integument; 
• depot fat; 
• eggs; 
• blubber; and 
• earwax. 

The identification of subcellular markers such as enzymes, DNA 
adducts and signature molecules is also possible with advancements 
in appropriate methodologies. The enzymes of particular significance 
in risk assessment are those associated with antioxidant protective 
mechanisms, including cytochrome P450

, superoxide dismutase and 
reduced glutathione. 

Whole organisms can also serve as bioindicators of pollution. The 
presence of Escherichia coli in surface waters is frequently reported 
by monitoring agencies. The association with sewage contamination 
means that this bacterium is an indicator of both water quality and 
food safety. The use of eels has been advocated due to their relatively 
long lifespan, sedentary existence at certain stages, high fat content 
and feeding on benthic species. 

• What are ‘biopsies’? 
1.7.2. A comprehensive network of regulatory agencies has emerged 
over several decades to monitor and control exposures of humans and 
wildlife to chemical and physical stressors. This system straddles: 
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• international organizations: 
◦ the World Health Organization (WHO); 
◦ the Food and Agriculture Organization of the United Nations 

(FAO); 
• national agencies: 

◦ US Environmental Protection Agency (EPA); 
• regional authorities: 

◦ the European Environment Agency (EEA); and 
• local jurisdictions. 

At the international level, the United Nations environmental pro
visions are enshrined within the activities of the WHO and the FAO. 
The renowned national authority is the US EPA which is accepted as 
a reference benchmark across the globe. In the European Union (EU), 
the equivalent organization is the European Environment Agency (EEA). 

Statutory control and directives apply to virtually all contaminants 
and pollutants. Notable exceptions include plastics and certain pharma
ceutical and personal care products. 

Legislation measures generally range from advisories, as for cer
tain mycotoxins, to outright prohibition, as in the case of several per
sistent organic pollutants. However, there are innumerable examples 
of contraventions of legal directives. For example, the export of pesti
cides prohibited by EU legislation has recently been sanctioned by the 
UK government. 

Of immense concern is the WHO statement in 2018 that 93% of all 
children under the age of 15 inhaled polluted air. This warning remains 
to be addressed in cities worldwide where WHO guidelines for air qual
ity are routinely ignored. A 2020 survey, for example, indicated that 
over 75% of polluted UK streets are in London where emissions of toxic 
pollutants constantly exceed WHO limits. 

It is also important to note that a number of heterogeneous groups 
of compounds identified as ‘emerging pollutants’ are without regulatory 
status and not included in surveillance protocols. 

• What are pharmaceuticals? 
• Why is the term ‘emerging pollutants’ misleading? 
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