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Toxicity & Toxicology: Meaning and Measurements

By Dr Rick Leah

In this course, there is constant reference to 'toxicity of pollutants' and their impacts. However, many otherwise environmentally informed people do not understand how toxic substances have their effect. The lecture on this topic is intended as an introduction to significant aspects of  toxicology   - it can only be an introduction as Toxicology is a massive subject in its own right. Thus, the principal purpose of this lecture is to give a brief introduction to the terminology and major relevant aspects of toxicology to students whose main interest is in Ecotoxicology.

Ecotoxicology is the branch of toxicology concerned with the study of toxic effects, caused by natural or synthetic pollutants, to the constituents of ecosystems, animal, vegetable or microbial in an integrated context.

Ecotoxicology as a subject area came to prominence in the 1950s and 60s after the publishing of Rachel Carson’s book (Silent Spring) on the impact of pesticides such as DDT.
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· Toxicology

· Exposure

· Metabolism 
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Dose

· The amount of toxicant present in the organism (units of mass of toxicant per unit weight of body mass of the organism)

· The amount of toxicant entering the organism (in the diet, drinking water or inhaled air/water in animals, or absorbed through the roots or leaf cuticle in the case of plants

· The concentration in the environment of the organism (time ie duration of the exposure is important) 
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Toxicology : the study of the effects of poisonous substances on living organisms including the way in which they gain entry into the organisms

Above a critical level – detrimental effects

Dose-response

The critical (or threshold response) differs between species, sexes and individuals

Effects – nothing – death
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Acute 

Chronic
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Pollutants

Different Classes:

· Inorganic ions

· Organic pollutants

· Organometallic compounds.

· Radioactive isotopes

· Gaseous Pollutants
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Toxicity of a substance depends on:

ADME

· Absorption

· Distribution

· Metabolism

· Excretion
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Persistent Pollutants

Metals ie. Elements – infinite half-life

eg Mercury (Hg) or cadmium (Cd)

Metals – Radio-isotopes – short to long half-life

Industrial Chemicals eg PCBs Plasticisers

Pesticides such as DDT
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Lethal Dose

LD50
Lethal Concentration

LC50
NOAEL

No Observed Adverse Effect Level
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	Toxicity Rating
	Probable lethal Dose

(mg/kg/body weight)

	Practically non-toxic
	>15,000

	Slightly toxic
	5000 – 15000

	Moderately
	500 - 5000

	Very
	50 - 500

	Extremely
	5 - 50

	Super toxic
	<5
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Lethal Doses of TCCD (Dioxin)

	Animal
	LD50 (μg/kg/body weight)

	Guinea pig
	1.0

	Rat (male)
	22

	Rat (female)
	45

	Monkey
	>77

	Rabbit
	115

	Mouse
	114

	Dog
	>300

	Bullfrog
	>500

	Hamster
	5000
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· Teratogenesis

· Mutagenesis

· Carcinogenesis

· Immune system effects
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 Causes of Cancer Risk in USA (1986)

	Rank
	Cause of cancer

	1=
	Occupational Exposure to Chemicals

	1=
	Indoor Radon (<20,000/yr)

	3
	Pesticides in food (6,000/yr)

	4=
	Indoor pollutants (non-radon) – mostly passive tobacco (<6,000/yr)

	4=
	Consumer exposure to chemicals (cleaning fluids, particle board, and asbestos

	6
	Hazardoous/toxic air pollutants

	7
	Depletion of stratospheric ozone

	8
	Hazardous waste sites (inactive)

	9
	Drinking water radon + trihalomethanes (chlorination)

	10
	Application of pesticides: high individual risk
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Endocrine disruption

Oestrogenic chemicals and Male Fertility
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Ecotoxicology

Effects of toxicants on the wide range of interacting species present in an Ecosystem

· Behavioural

· Biochemical

· Physiological
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Pollutant effects:

1. Directly toxic

2. Adverse change in the environment which impacts on the organism
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