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INTRODUCTION



Applied toxicology covers all chemicals, natural and man-made, and the full range of exposure situations from the natural presence of chemicals in the environment to their extraction or synthesis, industrial production, transport, use and disposal. 

Toxicology, ecotoxicology and risk assessment require a detailed knowledge of chemical exposure and of biological effects. 

This course is designed to be adapted to meet local needs and for distance learning. In the text provision is made for self-assessment of course attainment to reinforce learning and to indicate areas to the learner that need more attention. 

The course covers basic aspects of chemistry, health effects of chemicals, and environmental toxicology, and is intended as a primer for those needing a grounding in chemical hazard and risk assessment. 

This course was prepared by Dr. J.H. Duffus, the Edinburgh Centre for Toxicology, Heriot-Watt University, Edinburgh, Scotland. Early drafts were tested in a number of chemical safety courses in different parts of the world. 

WHAT IS TOXICOLOGY?

Toxicology is the fundamental science of poisons. 
A poison is generally considered to be any substance which can cause severe injury or death as a result of a physicochemical interaction with living tissue. 

However, all substances are potential poisons since all of them can cause injury or death following excessive exposure. 

On the other hand, all chemicals can be used safely if exposure of people or susceptible organisms is kept below defined tolerable limits, that is if handled with appropriate precautions. 

If no tolerable limit can be defined, zero exposure methods must be used. 

Exposure is a function of the amount (or concentration) of the chemical involved and the time of its interaction with people or organisms at risk. 

For very highly toxic chemicals, tolerable exposure may be close to zero. 

In deciding on what constitutes a tolerable exposure, the chief problem is often in deciding what constitutes an injury or adverse effect. 

An adverse effect is defined as an abnormal, undesirable, or harmful change following exposure to the potentially toxic substance. 

The ultimate adverse effect is death but less severe adverse effects may include altered food consumption, altered body and organ weights, visible pathological changes, or simply altered enzyme levels. 

A statistically significant change from the normal state of the person at risk is not necessarily an adverse effect. The extent of the difference from normal, the consistency of the altered property, and the relation of the altered property to the total wellbeing of the person affected have to be considered. 

An effect may be considered harmful if it causes functional or anatomical damage, irreversible change in homeostasis, or increased susceptibility to other chemical or biological stress, including infectious disease. The degree of harm of the effect can be influenced by the state of health of the organism. 

Reversible changes may also be harmful but they may often be essentially harmless. An effect which is not harmful is usually reversed when exposure to the potentially toxic chemical ceases. 

Adaptation of the exposed organism may occur so that it can live normally in spite of an irreversible effect. 

In immune reactions leading to hypersensitivity or allergic responses, the first exposure to the causative agent may produce no adverse response though it sensitizes the organism to respond adversely to future exposures. 

The amount of exposure to a chemical required to produce injury varies over a very wide range depending on the chemical and the form in which it occurs. 

The extent of possible variation in harmful exposure levels is indicated in Table 1 which compares LD50 values for a number of potentially toxic chemicals. The LD50 value is more descriptively called the median lethal dose as defined below. 

Median lethal dose (LD50):-The statistically derived single dose of a chemical that can be expected to cause death in 50% of a given population of organisms under a defined set of experimental conditions. 

Where LD50 values are quoted for human beings, they are derived by extrapolation from studies with mammals or from observations following accidental or suicidal exposures. 

The LD50 has often been used to classify and compare toxicity among chemicals but its value for this purpose is limited. 

A commonly used classification of this kind is shown in Table 2 . 

Such a classification is entirely arbitrary and not entirely satisfactory. For example, it is difficult to see why a substance with an LD50 of 200mg/kg body weight should be regarded only as harmful while one with an LD50 of 199mg/kg body weight is said to be toxic when the difference in values cannot be statistically significant. 

In decisions relating to chemical safety, the toxicity of a substance is less important than the risk associated with its use. 

Risk Predicted or actual frequency (probability) of a chemical causing unacceptable harm or effects as a result of exposure of susceptible organisms or ecosystems. 

Assessment of risk is often assessment of the probability of exposure. 

Conversely, Safety Practical certainty that injury will not result from exposure to a hazard under defined conditions: in other words, the high probability that injury will not result. 

Practical certainty Numerically specified low risk or socially acceptable risk applied to decision making. 

In assessing permissible exposure conditions for chemicals, uncertainty factors are applied. 

Uncertainty factor Mathematical expression of uncertainty that is used to protect populations from hazards which cannot be assessed with high precision. 

For example, the 1977 report of the U.S. National Academy of Sciences Safe Drinking Water Committee proposed the following guidelines for selecting uncertainty (assessment or safety) factors to be used in conjunction with no observed effect level (NOEL) data. The NOEL should be divided by the following uncertainty factors: 

1. An uncertainty factor of 10 should be used when valid human data based on chronic exposure are available. 

2. An uncertainty factor of 100 should be used when human data are inconclusive, e.g. limited to acute exposure histories, or absent, but when reliable animal data are available for one or more species. 

3. An uncertainty factor of 1000 should be used when no long-term, or acute human data are available and experimental animal data are scanty. 

This approach is subjective and is being continually updated. Safety control often involves the assessment of acceptable risk since total elimination of risk is often impossible. 

Acceptable  risk Probability of suffering disease or injury that will be tolerated by an individual, group, or society. Assessment of risk depends on scientific data but its "acceptability" is influenced by social, economic, and political factors, and on the perceived benefits arising from a chemical or process. 



SUMMARY 

You should now have some idea what toxicology is all about. 

The damage caused by any chemical is directly proportional to the amount of the chemical to which anyone has been exposed (the dose) and the time of exposure. It also depends upon the age, sex, and general health status of the person at risk. 

The severity of any harmful reaction is concentration dependent but it is often difficult to know the effective concentration at the site of action and so the dose is used as a substitute. 

Preventing exposure is the best way to ensure safety but, if this is impossible, a safe permissible exposure may need to be established. 

Some concepts related to this have been defined and discussed. 

You should know and understand the definitions given as they are fundamental to toxicological thinking. 



SELF ASSESSMENT 

· What information would you require to determine the exposure to a potentially toxic chemical of people at risk? 

· What is an adverse effect? List some examples of adverse effects that may be used to detect toxicity. 

· What is the median lethal dose and how is it used? 

· What is risk? 

· What is safety? How are uncertainty factors used? 

· What is acceptable risk? 



Table 1. Approximate acute LD50 values for some potentially hazardous substances*



Substance....................................................................LD50 male(mg/kg body weight) Oral Administration 

Ethanol.........................................................................................7 000 

Sodium chloride.............................................................................3 000 

Cupric sulphate..............................................................................1 500 

DDT................................................................................................100 

Nicotine.............................................................................................60 

Tetrodotoxin....................................................................................0.02 

Dioxin (TCDD)..................................................................................0.02 

* Values obtained from the Merck Index, The Sigma-Aldrich Material Safety Data Sheets (Sigma-Aldrich Library of Chemical Safety Data), and Casarett and Doull's Toxicology. 



TABLE 2. An example of a classification of toxicity based on acute LD50 values (Used in EC Directives on Classification, Packaging and Labelling of Chemicals) 

Category............................................................................LD50 Orally to Rat (mg/kg body weight) 

Very toxic.......................................................................................Less than 25 

Toxic.............................................................................................From 25 to 200 

Harmful.........................................................................................From 200 to 2000

(only valid for humans)

DESCRIPTIVE TERMS USED ON LABELS AND OTHER INFORMATION SOURCES



OBJECTIVE 

You should be aware of the health significance of the descriptive terms used on labels, in the general literature and in the information sources available to you. 

Toxic substance (harmful substance) 

A substance which can cause injury to living organisms as a result of physicochemical interactions. 

Toxicity is: 

1. Capacity to cause injury to a living organism defined with reference to the quantity of chemical administered or absorbed, the way in which the chemical is administered (inhalation, ingestion, topical application, injection) and distributed in time (single or repeated doses), the type and severity of injury, the time needed to produce the injury, the nature of the organism(s) affected and other relevant conditions. 

2. Adverse effects of a chemical on a living organism defined with reference to the quantity of chemical administered or absorbed, the way in which the chemical is administered (inhalation, ingestion, topical application, injection) and distributed in time (single or repeated doses), the type and severity of injury, the time needed to produce the injury, the nature of the organism(s) affected, and other relevant conditions. 

3. Measure of incompatibility of a substance with life: this quantity may be expressed in relation to the absolute value of median lethal dose (LD50) or concentration (LC50) (median lethal dose and concentration are discussed later). 

The degree of toxicity produced by exposure to a given substance is usually directly proportional to the exposure concentration and to the exposure time; a possible exception to this general rule is immunotoxicity as reflected in hypersensitivity and other allergic reactions. 

The relationship between severity of effect and exposure concentration and time is dependent upon the age and the underlying health of the person or organism at risk. 

The embryo and the fetus in the womb may be particularly sensitive and so expectant mothers should be particularly careful to avoid exposure to potentially toxic substances. 

Corrosive : Chemical causing a surface-destructive effect on contact; in toxicology, this normally means causing visible destruction of the skin or the lining of the respiratory tract or the gastrointestinal tract. 

Irritant : A substance which can produce inflammation of skin and mucous membranes following immediate or prolonged contact.. Solubility is important in determining the site of irritant action in the respiratory and gastro-intestinal tracts. Highly soluble substances such as ammonia and formaldehyde can rapidly affect the upper respiratory and/or gastro-intestinal tracts. Substances of low solubility, such as phosgene and nitrogen dioxide, can affect the bronchi before irritation of the upper respiratory tract occurs. Substances with extreme pH values will always act as irritants. 

Asphyxiant : A substance which can deprive a living organism, its tissues and cells of oxygen or of the ability to use it. An inert gas such as helium can dilute available oxygen below the level required to support life: carbon dioxide can have the same effect and this has led to death of workers in fermentation vessels. A reactive gas such as hydrogen can react with oxygen making it unavailable but the main danger will be of explosion. Some substances, such as carbon monoxide, can inhibit oxygen transport in living organisms and thus deprive tissues of oxgyen: others, such as hydrogen cyanide, inhibit oxygen utilization: both groups of chemicals are asphyxiants. 

Primary anaesthetic : A substance such as ether which depresses central nervous system activity. 

Systemic poison; A substance which affects organs or tissues in the body. For example: 

· Carbon tetrachloride affects the liver (hepatotoxicity). 

· Mercuric chloride affects the kidney (nephrotoxicity). 

· Carbon disulphide affects the nervous system (neurotoxicity). Benzene affects bone marrow cells and hence the formation of white blood cells (haemopoietic toxicity or haematotoxicity). 

Lung damaging agent : Any substance harming the lungs, including those which do not produce any immediate irritant reaction, such as dusts of asbestos which cause fibrosis. Dusts in this group may become more dangerous if contaminated with bacterial allergens, fungal allergens, mycotoxins, or pollens. Contamination of dusts with fungal spores can lead to fungal invasion of damaged lungs which is very difficult to treat: for example - farmers' lung. 

Genotoxic agent : A substance which can damage the genetic material of an organism: such a substance may be mutagenic (see below) but not necessarily. 

Mutagen : A substance which can cause mutations. A mutation is any relatively stable heritable change in the genetic material, DNA. Many mutagenic substances can also cause cancer (carcinogens). 

Carcinogen : A substance which can cause cancer. Cancer is the disease which results from the development of a malignant tumour and its invasive spread into surrounding tissues. A tumour (neoplasm) is a growth of tissue forming an abnormal mass in the body. A benign tumour is one which is localized and neither spreads nor causes cancer. A malignant tumour is composed of cells which break off and spread throughout the body causing cancer. This process is called invasive spread or metastasis. 

Embryotoxic agent : A substance with the potential to induce adverse effects in progeny during the first stage of pregnancy between conception and the fetal stage. 

Teratogen : A substance which, at doses which have no effect on the mother can cause nonheritable birth defects. These defects may lead to miscarriage. After birth, the defects may be referred to as 'congenital defects'. 



Safety phrases and Risk phrases are widely used now. The phrases are given on labels or in Material Safety Data Sheets and Chemical Safety Cards etc as numbers preceded by R for risk and S for safety. 



The following are some of the regulatory or guideline values that are based on risk assessments using the models described: they have a strict legal meaning and may be specific to a country.. 

Acceptable daily intake (ADI) : Estimate of the amount of a substance in food or drinking water, expressed on a body-weight basis, that can be ingested daily over a lifetime without appreciable health risk (standard human = 60kg). 

Air quality standard See Environmental quality standard. 

Ambient standard See Environmental quality standard. 

Ceiling value (CV) : Maximum permissible airborne concentration of a potentially toxic substance, a concentration which should never be exceeded in the breathing zone. 

Ceiling recommended exposure limit (CREL) See Recommended exposure limit. 

Control limit (used in the UK) : Airborne concentration of a potentially toxic substance which is judged to be "reasonably practicable" for the whole spectrum of work activities and which must not normally be exceeded. 

Emission standard : Quantitative limit on the emission or discharge of a potentially toxic substance from a source. The simplest form for regulatory purposes is a uniform emission standard (UES) where the same limit is placed on all emissions of a particular contaminant. See Limit values. 

Environmental quality objective (EQO) : Quality to be aimed for in a particular aspect of the environment, for example "the quality of water in a river such that coarse fish can maintain healthy populations". Unlike an environmental quality standard, an EQO is not usually expressed in quantitative terms and it is not legally enforceable. 

Environmental quality standard (EQS) : Maximum concentration of a potentially toxic substance which can be allowed in an environmental compartment, usually air (air quality standard - AQS) or water, over a defined period. Synonym: ambient standard. See Limit values. 

Immediately dangerous to life or health concentration (IDLH) : According to the U.S. National Institute for Occupational Safety and Health (NIOSH), the maximum exposure concentration from which one could escape within 30 minutes without any escape-impairing symptoms or any irreversible health effects. This value should be referred to in respirator selection. 

Limit values (LV) : Limits at or below which Member States of the European Community must set their environmental quality standards and emission standards; these limits are set by Community Directives. 

Maximum allowable concentration (MAC) : Exposure concentration not to be exceeded under any circumstances. 

Recommended exposure limit (REL) . According to the U.S. Occupational Safety and Health Administration (OSHA), unless noted otherwise, time weighted average concentrations for up to a 10 hour workday during a 40 hour working week. A ceiling REL is designated by "C" preceding the value and, unless noted otherwise, should not be exceeded at any time. 

Recommended limit : Maximum concentration of a potentially toxic substance which is suggested to be safe. Such limits often have no legal backing in which case a control or statutory guide level which should not be exceeded under any circumstances may be set. See Control limit. 

Safety factor See Uncertainty factor. 

Short term exposure limit (STEL) ; According to the U.S. Occupational Safety and Health Administration (OSHA), the time weighted average (see below) airborne concentration to which workers may be exposed for periods up to 15 minutes, with no more than 4 such excursions per day and at least 60 minutes between them. See Time weighted average. 

Suggested no adverse response level (SNARL) : Maximum dose or concentration which, on the basis of current knowledge, is likely to be tolerated by an organism without producing any adverse effect. 

: Inhalational exposure level which is safe for a short time but which should be reduced as soon as possible or appropriate respiratory protection employed. 

Threshold limit value (TLV) : Guidelines defined by the American Conference of Governmental Hygienists to establish the airborne concentration of a potentially toxic substance to which it is believed that healthy working adults may be exposed safely through a 40 hour working week and a full working life. This concentration is measured as a time weighted average concentration (see below). They are developed only as guidelines to assist in the control of health hazards and are not developed for use as legal standards. 

Time weighted average concentration (TWA);  Concentration of a substance to which a person is exposed in ambient air, averaged over a period, usually 8 hours. For example, if a person is exposed to 0.1mg m-3 for 6 hours and 0.2mg m-3 for 2 hours, the 8 hour TWA is (0.1x6 + 0.2x2) / 8 = 0.125 mg m-3. 

Uncertainty factor (UF) : Mathematical expression of uncertainty that is used to protect populations from hazards which cannot be assessed with high precision. 



SUMMARY 

Descriptive terms used on labels and in other sources of information have meanings which must be understood by the users of chemicals. In particular, the health significance of the descriptive terms must be appreciated as correct precautions must be taken to prevent these effects. 



SELF ASSESSMENT QUESTIONS 

· Without reference to the preceding text, list the terms defined and attempt to make your own definitions. 

· Compare your definitions with those given. 

· Ask your tutor about any aspect of the given definitions that you do not understand or that you would like to know more about. 

ENVIRONMENTAL TOXICOLOGY AND ECOTOXICOLOGY



INTRODUCTION 

Environmental toxicology and ecotoxicology are terms used to describe the scientific study of the adverse effects on living organisms that chemicals can have when released into the natural environment. 

There is a tendency to apply the term "environmental toxicology" only to the study of direct effects of environmental chemicals on human beings and the term "ecotoxicology" only to the study of the effects of chemicals on ecosystems and their nonhuman components. 

Human beings are not isolated from the natural environment; they are an integral part of it and have modified it by their activities. Chemicals move through the environment to reach people directly through water, the air, dust etc. and indirectly through food. 

Most of the world environment as we know it is the result of human interventionand hence human activities, for example in agriculture, have a profound effect on environmental transfer processes. 



OBJECTIVES 

You should be aware of the complexity of possible environmental interactions and effects. 

You should know what information is required to assess possible environmental and health damage. 

You should know the limitations of the information currently available. 

INTRODUCTION 

Most toxicological information available relates to direct effects of chemicals on human beings, their domesticated animals, and laboratory bred mammals used for toxicity testing. There is a great shortage of similar information about effects on wild animals, plants and micro-organisms. 

Toxicity testing usually involves administering each chemical on its own to populations of a selected species under controlled conditions. 

The test population is usually isolated from interactions with other organisms and chemicals, and is often genetically atypical, having been selected for ease of laboratory study. 

Testing under the above conditions should give results which are repeatable under the test conditions and hence scientifically sound but of little relevance to natural conditions outside the laboratory. 

The Natural Environment 

In a natural environment, large numbers of potentially toxic substances are present. Each chemical in the natural environment may be present at a level which on its own would cause no harm, but interaction with other chemicals may result in harm being done.  For example, consider the production of photochemical smog. Under the influence of ultraviolet light from the sun, in the presence of oxygen, hydrocarbons and nitrogen oxides interact to form peroxyacyl nitrates which are much more toxic than any of their precursors. 

NO2 -> NO + 1/2O2 

1/2O2 + O2 -> O3 

NO + Hydrocarbons + O3 -> Peroxyacyl nitrates + O2 

Some other possibilities of interaction have already been discussed in Section 1.2.2.2 but will be reconsidered here. For example, the effects of chemicals may be additive if they are sufficiently similar. DDT, PCB's and Dieldrin are all chlorinated hydrocarbons with similar chemistry and biological effects: thus the effects may be small for each individual substance but add up to something serious if they are all present together. 

Sometimes two substances may have effects which reinforce each other so much that the combined effect is more than additive: this is called synergism.  For example, tobacco smoke frequently makes lung damage by other substances worse, the reaction to asbestos dust and the development of lung cancer being a classic example. Smokers are 40 times more likely than nonsmokers to get lung cancer following exposure to asbestos dust. 

There are also cases where potentially toxic substances may counter each other's effects: this is known as antagonism. 

For example, selenium reduces the toxic effects of mercury. Other antagonists that have been identified are methionine and vinyl chloride, arsenic and selenium, and zinc and cadmium. 

Climatic conditions 

Climatic conditions have a profound effect on the amount of harm caused by potentially toxic substances. 

The role of sunlight in producing photochemical smog has already been mentioned. 

On the other hand, the ultra-violet component of sunlight accelerates the breakdown of many organic chemicals and kills micro-organisms and destroys viruses which may cause disease. 

Of course, the same ultraviolet light causes mutations in exposed organisms by its action on DNA and this is what leads to skin cancer in many human beings and concern about the ozone layer in the stratosphere since this absorbs ultraviolet light but is being depleted by pollution. 

Another effect of bright sunlight is increased temperature. 

Increased temperature increases vaporization of chemicals into the atmosphere: thus, they may spread through the atmosphere and be inhaled, creating a respiratory hazard where only a hazard of ingestion may have existed at lower temperatures. 

Increased temperature decreases excretion through the kidneys in mammals, thereby tending to keep potentially toxic chemicals in the body and promoting their accumulation. 

Increased temperature increases excretion in sweat but this may not be an effective way of removing toxic chemicals from the body since they may be reabsorbed through the skin. 

In the wider natural environment, increased temperature decreases the oxygen content in natural waters, thereby causing fish deaths and making the fish that survive much more susceptible to other environmental stresses. 

Increased temperature increases rates of chemical reactions and water solubility: whether these effects are beneficial or harmful depends upon the chemicals involved and on the organisms and environments affected. 

Rain, hail and snow wash chemicals out of the atmosphere. This is called wet deposition. 

Increased soil water increases soil biological activity up to the point at which flooding makes the soil anaerobic. 

When the soil becomes anaerobic, oxidative processes rapidly cease. This means that oxidative degradation of toxic waste by bacteria will cease. 

Flooding facilitates the release of substances bound to soil colloids and the spread of potentially toxic substances from contaminated areas to adjacent land and water supplies. In particular, drinking water may become contaminated. 

Air movement increases loss of volatile chemicals from exposed surfaces and can move atmospheric contaminants from their sites of production over long distances. 

For example. emissions including sulphur dioxide and nitrogen oxides from British coal-fired power stations is carried across the North Sea to Scandinavia where it contributes to the acidification of lakes and resultant fish kill. This is an example of acid rain. Acid rain does not simply alter the pH of the water in the environment on which it falls. It can also dissolve metals from the rocks, soil and sediments and these metals may reach toxic levels in affected soil water, runoff water, and lakes, streams and rivers. In some places, sulphur and nitrogen oxides from natural volcanic sources may have similar effects. 

Another example is the spread of radionuclides from Chernobyl causing significant contamination throughout Europe. 

Air movement may also cause the concentration of nonvolatile chemicals in solution by promoting evaporation of the solvent, normally water in the natural environment. 

The most widespread example of this is the salination of irrigated land: irrigation water brings in salts in solution and when the water evaporates under the influence of air movement, usually coupled with high air temperature, the salts are left behind, ultimately poisoning the soil so that crops cannot grow. 

Because it is still impossible to predict exactly what will happen when a potentially toxic substance enters the natural environment, it is essential to monitor the fate of such substances. Chemical monitoring (chemical analyses of environmental samples to a predefined plan appropriate to the assessed risks) should keep track of the distribution of the substance and should give us information on any transformations to derivatives which may be more or less toxic. Chemical monitoring should also give us an early warning of potentially dangerous localized accumulation of the substance or its derivatives. 

Problems to be faced in chemical monitoring include designing an effective sampling scheme and choosing appropriate extraction and analytical methods for the chemicals to be monitored. Good laboratory practice quality control and quality assurance must be applied at all stages. 

Selection of chemicals to be monitored must take into account derivatives and other substances which may enhance toxicity or reduce it. 

Extraction methods must be checked for their efficiency and their relevance to the likely routes of exposure: sometimes extraction methods may reveal substances that are present but not biologically available, sometimes the reverse. 

Remember that chemical analysis can never prove that a substance is absent from any sample: there is a detection limit to any analytical method below which a substance may be present but not detectable. 

You must ensure that the analytical techniques used are appropriate to the objectives of the monitoring programme and know what the detection limit is for any analytical method used. Remember that the most advanced and sensitive analytical techniques are not necessarily the best for routine monitoring. 

Biological monitoring 

"Biological" monitoring is a term which has three meanings dependent upon context. In the context of medicine, it means chemical analysis of tissues and body fluids as a measure of exposure to potentially toxic substances. Examples of tissues and body fluids used are blood, urine, hair, nails and deciduous teeth. Body components which may be analysed in this way and show a relationship to exposure are referred to as biomarkers. This has been referred to as 'molecular epidemiology'. An example of this approach is the use of measurements of DNA and protein adducts in tissue samples as a biomarkers for exposure to potentially mutagenic substances. 

'Biological limit values' may be set for reference. These would be analytical levels in the appropriate tissues or fluids which should not be exceeded if adverse effects are to be avoided. 

In the the context of environmental toxicology and ecotoxicology, biological monitoring means biological assessment of exposed organisms in order to detect adverse effects which may indicate their exposure to toxic levels of substances in their environment. 

Another form of monitoring is that for susceptibility, for example for enzymic or genetic deficiencies. 

An adverse effect on a natural population will first be detected as a deviation from normality: unfortunately we usually do not know exactly what constitutes normality in a natural population. 

Fluxes occur in natural populations from month to month, season to season and year to year and can be dramatic and result from normal changes in climate and environment. 

Species diversity and species numbers may be reduced by increasing pollution: however, it is not clear what level of reduction and for how long constitutes an adverse effect. Often, natural environmental changes affect these statistics and often the recovery power of a species is sufficient to enable it to survive a period of adverse conditions and/or recolonize areas from which it has been eliminated. 

Rare species may be particularly sensitive to chemical contamination but their rarity makes the establishment of statistically valid changes difficult. 

The classic example of ecotoxicological biological monitoring is the observation of declining populations of birds of prey that led to the discovery of the food chain biomagnification of chlorinated hydrocarbons such as DDT and their resultant effects on behaviour, egg shell thickness, and reproductive failure. 

Death of honey bees reported by beekeepers whose livelihood is at risk may be an early warning of excessive use of pesticides. 

Another example is the use of lichens to monitor sulphur dioxide air pollution: different species have different sensitivities to sulphur dioxide and their environmental distribution reflects the pollution load of this gas. 

Such monitoring as described above is relatively inexpensive and can be done by people with a minimum of appropriate training but its potential is largely untapped because more fundamental information is required to widen its scope. 

It is sometimes possible to identify a "critical path": this is the route of environmental exposure which presents the greatest risk. 

If the critical path leads to a particularly sensitive population or one which is more at risk than any other, this may be identified as a "critical group". 

Monitoring and protecting the "critical group" should ensure that other groups at risk will also be protected. 

Table 1 gives a list of the items that must be considered in assessing the likely environmental hazard of a chemical. 

Certain aspects of this list deserve special comment. 

Biodegradation in the environment is difficult to assess because the natural environment is highly variable and very difficult to reproduce under laboratory conditions. 

If a potentially toxic substance appears likely to be persistent in the environment, potential for bioaccumulation must be assessed. 

A persistent substance, especially if fat soluble, may enter the food chain and become a danger to human health for people far removed from the point at which the substance entered the environment. 

This kind of problem is illustrated by the concern about methylmercury or organochlorine compounds such as aldrin, dieldrin, DDT, dioxins and polychlorinated biphenyls which reach human beings through the food chain, for example in fish. 

Many chemicals may interfere with normal sewage treatment and this must be checked when considering waste disposal. 

As the production and use of chemicals throughout the world increases, so too does the amount of waste produced. There are already problems with contamination of drinking water by waste which has been carelessly dumped. Housing estates have had to be rebuilt after being sited on dumps with resultant contamination of water, vegetables and the indoor atmosphere. 

Possibilities of eutrophication (excess nutrients in natural waters) and excessive blooms of algae and release of their toxic products must be considered as these can destroy fish and other aquatic life if not controlled. 

Toxicity test information may not be available for the key organisms in the ecosystems most at risk and cautious extrapolation will usually be inevitable. Toxicity tests may not relate to the naturally occurring conditions in regard to such things as temperature, water hardness, oxygen availability, trace metal content and the presence of other potentially toxic substances. 

Assessment of environmental hazard and risk is not something that can be done simply by a set of rules: it is a continually developing skill which requires dedicated expertise and current awareness of the state of relevant knowledge. However, some generalizations can be made:- 

Firstly, an estimate must be made of the levels at which any potentially hazardous substance will appear in the environment and be taken in by living organisms including, ultimately, people. This is an estimate of probable exposure. 

Secondly, an estimate must be made of the levels likely to be harmful to the organisms at risk. This is an estimate of dose-effect and dose-response relationships under expected conditions of exposure. 

A comparison of these two sets of data will indicate the likely safety margin if the chemical under consideration enters the environment following the mode of use or disposal assumed in the initial estimates. This safety margin should be very large before use and release of a chemical into the natural environment can be justified. Even after every reasonable step has been taken to ensure the safe use of a potentially toxic chemical, it is essential that routine monitoring be carried out after it enters the natural environment. 

Our best predictions and estimates of safety margins are still very imprecise and must be checked in practice. This is particularly relevant to the environmental impact assessment (EIA) which should be part of every major project affecting the natural environment. EIA attempts to identify likely environmental damage and to minimize it. However, it is no better than any other attempt to predict the future and it must be backed up with an ongoing montoring scheme if the aims of EIA are to be attained. 



TABLE 1 (1.3) 

Checklist of factors to be considered in assessing environmental hazard and risk. 

·  Chemistry 

· potential oxidation states 

· potential interactions with other materials or factors 

· potential impurities 

· decomposition pathways and products 

· availability to organisms 

· is the substance a solid, liquid or gas? 

· what are its vapour pressure, solubility and water/n-octanol partition coefficient? 

· analytical methods available 

· Biodegradability 

· biological oxygen demand (BOD) and chemical oxygen demand (COD) 

· screening methods used 

· temperature range 

· oxygen availability 

· intermediate and end products 

· biodegradability of products of interactions 

· Acute toxicity test 

· bacteria fungi and yeasts algae higher plants invertebrates fish birds mammals 

· Chronic toxicity tests 

· key fish species key food chain invertebrates key mammals 

· Disappearance from 

· the atmosphere river water lakes estuaries the sea ground water soil sediments 

·  Treatability by and effect on 

· settling activated sludge trickling filters sludge digestion lagoons septic tanks soil percolation water flocculation and filtration chlorination carbon absorption precipitation by iron, lime, alum, or polyelectrolytes ion exchange 

· Bioaccumulation by  bacteria fungi and yeasts algae higher plants invertebrates especially shellfish fish birds mammals people 

· Eutrophication 

· laboratory assays of the response of algae and other water plants Soils,sludges and sediments 

· accumulation release of other meterials by exchange reactions or by modification of surrounding media 

· Physical effects 

· surface accumulation on natural waters, 

· inhibiting gas exchange in microorganisms, plants and animals, and inhibiting movement in birds and animals which become coated, e.g. with oil surface active effects leading to foaming in natural waters and destruction of permeability barriers in living organisms radiation (ultraviolet, infrared, ionizing etc) 



SELF ASSESSMENT QUESTIONS 

What are the problems in relating the results of toxicity tests to the fate and effects of a potentially toxic substance in the natural environment? 

What are the potentially harmful effects of ultraviolet light and how are they related to air pollution? 

Give examples of additive, synergistic, and antagonistic toxic effects. 

How does temperature affect potentially toxic substances and the consequences of their entering the natural environment? 

What factors influence the distribution and effects of potentially toxic substances in aquatic systems? 

What is the role of air movement in relation to potentially toxic substances in the environment? 

What are the key items in designing a programme for chemical monitoring? 

What is "biological monitoring"? What are the main approaches adopted for "biological monitoring" in the ecological context? 

What use may be made of (i) birds of prey and (ii) lichens in monitoring? 

Define "critical path" and "critical group". 

Why are persistent chemicals of particular concern? 

How can excess of nutrients in natural waters lead to production of toxicants and death of aquatic organisms? 

What are the main steps in assessment of aquatic hazard and risk? 

List all the factors that you can think of that must be considered in a complete assessment of environmental hazard and risk. 



EXPOSURE TO POTENTIALLY TOXIC SUBSTANCES AND THEIR ADVERSE EFFECTS



OBJECTIVE 

You should know the routes of human exposure to potentially toxic chemicals and the ways in which resultant effects may depend upon these routes, exposure pattern and the properties of the chemicals. 

You should know about allergy and its possible consequences. 

You should know about idiosyncratic reactions, delayed effects and irreversible effects. 

You should know about the complexities of possible interactions between chemicals and their effects. 

INTRODUCTION 

Injury can be caused by chemicals only if they reach sensitive parts of a person or other living organism at a sufficiently high concentration and for a sufficient length of time. 

Thus, injury depends upon the physicochemical properties of the potentially toxic substances, the exact nature of the exposure circumstances, and the health and developmental state of the person or organism at risk. 

Major routes of exposure are through the skin (topical), through the lungs (inhalation), or through the gastrointestinal tract (ingestion). In general, for exposure to any given concentration of a substance for a given time, inhalation is likely to cause more harm than ingestion which, in turn, will be more harmful than topical exposure. 

Skin (dermal or percutaneous) absorption : Many people do not realise that chemicals can penetrate healthy intact skin and so this fact should be emphasized. Amongst the chemicals that are absorbed through the skin are aniline, hydrogen cyanide, some steroid hormones, organic mercury compounds, nitrobenzene, organophosphate compounds and phenol. Some chemicals, such as phenol, can be lethal if absorbed for a sufficient time from a fairly small area (a few square centimetres) of skin. If protective clothing is being worn, it must be remembered that absorption through the skin of any chemical which gets inside the clothing will be even faster. 

Inhalation : Gases and vapours are easily inhaled but inhalation of particles depends upon their size and shape. The smaller the particle, the further into the respiratory tract it can go.  Dusts with an effective aerodynamic diameter of between 0.5 and 10 micrometres (the respirable fraction, the PM10 fraction) can persist in the alveoli and respiratory bronchioles after deposition there.  Peak retention depends upon aerodynamic shape but seems to be mainly of those particles with an effective aerodynamic diameter of between 1 and 2 micrometers. Particles of effective aerodynamic diameter less than 1 micrometre tend to be breathed out again and do not persist either in the alveoli or enter the gut (see below). 

Remember: The effective aerodynamic diameter is defined as the diameter in micrometers of a spherical particle of unit density which falls at the same speed as the particle under consideration. 

Dusts of larger diameter either do not penetrate the lungs or lodge further up in the bronchioles and bronchi where cilia (the mucociliary clearance mechanism) can return them to the pharynx and from there to the oesophagus. 

From the oesophagus dusts are excreted through the gut in the normal way: it is possible that particles entering the gut in this way may cause poisoning as though they had been ingested in the food. 

A large proportion of dust breathed in will enter the gut directly and may affect the gut directly by reacting with it chemically or indirectly from contamination with micro-organisms. As already mentioned, some constituents of dust may be absorbed from the gut and cause systemic effects. 

Physical irritation by dust particles or fibres can cause very serious adverse health effects but most effects depend upon the solids being dissolved. Special consideration should be given to asbestos fibres which may lodge in the lung and cause fibrosis and cancer even though they are insoluble and therefore not classical toxicants: similar care should also be taken with manmade mineral fibres. 

Insoluble particles may be taken in by the macrophage cells in the lung which normally remove invading bacteria (phagocytosis). 

If phagocytic cells are adversely affected by ingestion of insoluble particles, their ability to protect against infectious organisms may be reduced and infectious diseases may follow. Note: Phagocytosis is the process whereby certain body cells, notably macrophages and neutrophils engulf and destroy invading foreign particles. The cell membrane of the phagocytosing cell (phagocyte) invaginates to capture and engulf the particle. Hydrolytic and oxidative enzymes are released around the particle to cause its destruction: these enzymes may leak from the phagocyte and cause local tissue damage. Tissue damage may release biologically active substances which cause further adverse effects. 

Some insoluble particles such as coal dust and silica dust will readily cause fibrosis of the lung. Others, such as asbestos, may or may not cause fibrosis depending on the exposure conditions. 

Remember that tidal volume (the volume of air inspired and expired with each normal breath) increases with physical exertion; thus absorption of a chemical as a result of inhalation is directly related to the rate of physical work. This is why jogging and other active exercise has been discouraged in certain cities during periods of severe air pollution. 

Ingestion 

Airborne particles breathed through the mouth or cleared by the cilia of the lungs will be ingested. Otherwise, ingestion of potentially toxic substances in the work, domestic, or natural environment is likely to be accidental and commonsense precautions should minimize this. 

The nature of the absorption processes following ingestion is discussed elsewhere. 

The importance of concentration and time of exposure has already been pointed out. 

It should be remembered that exposure may be continuous or repeated at intervals over a period of time; the consequences of different patterns of exposure to the same amount of a potentially toxic substance may vary considerably in their seriousness. 

In most cases, the consequences of continuous exposure to a given concentration of a chemical will be worse than those of intermittent exposures to the same concentration of the chemical at intervals separated by sufficient time to permit a degree of recovery. 

Repeated or continuous exposure to very small amounts of potentially toxic chemicals may be a matter for serious concern if either the chemical or its effects have a tendency to accumulate in the person or organism at risk. 

A chemical may accumulate if absorption exceeds excretion; this may happen with substances that combine a fairly high degree of lipid solubility with stability. 

Adverse Effects 

Adverse effects may be local or systemic. Local effects occur at the site of exposure of the organism to the potentially toxic substance.  Corrosives always act locally. Irritants frequently act locally. Most substances which are not highly reactive are absorbed and distributed around the affected organism causing systemic injury at a target organ or tissue distinct from the absorption site. 

The target organ is not necessarily the organ of greatest accumulation. 

Adipose (fatty) tissue accumulates organochlorine pesticides to very high levels but does not appear to be harmed by them. 

Some substances produce both local and systemic effects; for example, tetraethyl lead damages the skin on contact and is then absorbed and transported to the central nervous system where it causes further damage. 

Effects of a chemical can accumulate even if the chemical itself does not. There is evidence that this is true of the effects of organophosphate pesticides on the nervous system. 

A particularly harmful effect that may accumulate is death of nerve cells, since nerve cells cannot be replaced though damaged nerve fibres can be regenerated. 

It will be clear that the balances between absorption and excretion of a potentially toxic substance and between injury produced and repair are the key factors in determining whether any injury follows exposure. 

All of the possible adverse effects cannot be discussed here but some aspects should be mentioned specifically. 

Production of mutations, tumours and cancer, and defects of embryonic and fetal development have been referred to in Descriptive terms. 

Adverse effects related to allergies are a cause of increasing concern. 

Allergy (hypersensitivity) is the name given to disease symptoms following exposure to a previously encountered substance (allergen) which would otherwise be classified as harmless.  Essentially, an allergy is an adverse reaction of the altered immune system.  The process which leads to the disease response on subsequent exposure to the allergen is called sensitization. Allergic reactions may be very severe and even fatal. To produce an allergic reaction, most chemicals must act as haptens, that is - combine with proteins to form antigens. Antigens entering the human body or produced within it cause the production of antibodies; usually at least a week is needed before appreciable amounts of antibodies can be detected and further exposure to the allergen can produce disease symptoms. Most common symptoms are skin ailments such as dermatitis and urticaria, or eye problems such as conjunctivitis; the worst possibility is death resulting from anaphylactic shock. Of particular importance in considering the safety of individuals is the possibility of idiosyncratic reactions. 

An idiosyncratic reaction is an excessive reactivity of an individual to a chemical, for example - an extreme sensitivity to low doses as compared with the average member of the population. There is also the possibility of an abnormally low reactivity to high doses. 

An example of a group of people with an idiosyncrasy is the group which has a deficiency in the enzyme required to convert methaemoglobin (which cannot carry oxygen) back to haemoglobin; this group is exceptionally sensitive to chemicals like nitrites which produce methaemoglobin. 

Another factor to be considered is whether the adverse effects produced by a potentially toxic chemical are likely to be immediate or delayed. 

Immediate effects appear rapidly after exposure to a chemical while delayed effects appear only after a considerable lapse of time. 

Amongst the most serious delayed effects are cancers; carcinogenesis may take 20 or more years before tumours are seen in humans. 

Perhaps the most difficult adverse effects to detect are those that follow years after exposure in the womb; a well established example of such an effect is the vaginal cancer produced in young women whose mothers have been exposed to diethylstilbestrol during pregnancy. 

Another important aspect of adverse effects to be considered is whether they are reversible or irreversible. 

For the liver, which has a great capacity for regeneration, many adverse effects are reversible and complete recovery can occur. 

For the central nervous system, in which regeneration of tissue is severely limited, most adverse effects leading to morphological changes are irreversible and recovery is, at best, limited. 

Carcinogenic and teratogenic effects are also irreversible, but suitable treatment may reduce the severity of effects. 

A major problem in assessing the likely effect of exposure to a chemical is making allowance for possible interactions. The simplest interaction is an additive effect; this is an effect which is the result of two or more chemicals acting together and which is the simple sum of their effects when acting independently,. In mathematical terms: 1 + 1 = 2, 1 + 5 = 6 etc. 

The effects of organophosphate pesticides are usually additive. 

More complex is a synergistic (multiplicative) effect: this is an effect of two chemicals acting together which is greater than the simple sum of their effects when acting alone; it may be called synergism. In mathematical terms: 1 + 1 = 4, 1 + 5 = 10 etc. 

Asbestos fibres and cigarette smoking act together to increase the risk of lung cancer by a factor of forty, taking it well beyond the risk associated with independent exposure to either of these agents. 

Another possible form of interaction is potentiation. 

In potentiation, a substance which on its own causes no harm makes the effects of another chemical much worse. This may be considered to be a form of synergism. In mathematical terms: 0 + 1 = 5, 0 + 5 = 20 etc. 

For example - isopropanol, at concentrations which are not harmful to the liver, increases (potentiates) liver damage caused by a given concentration of carbon tetrachloride. 

The opposite of synergism is antagonism: an antagonistic effect is the result of a chemical counteracting the adverse effect of another; in other words, the situation where exposure to 2 chemicals together has less effect than the simple sum of their independent effects; such chemicals are said to show antagonism. In mathematical terms: 1 + 1 = 0, 1 + 5 = 2 etc. 

Tolerance is a decrease in sensitivity to a chemical following exposure to it or a structurally related substance. 

For example - cadmium causes tolerance to itself in some tissues by inducing the synthesis of the metal-binding protein, metallothionein. However, it should be noted that cadmium-metallothionein sticks in the kidney causing nephrotoxicity. 

Resistance is almost complete insensitivity to a chemical. It usually reflects metabolic capacity to inactivate and eliminate the chemical and its metabolites rapidly. 



SUMMARY 

You have now learnt about routes of human exposure to potentially toxic chemicals and how effects depend upon exposure pattern and the properties of the chemicals involved. 

You have also learned about allergy (hypersensitivity) and possible allergic reactions. 

You should know what an idiosyncratic reaction is, what a delayed toxic effect is and what may constitute an irreversible effect. 

Local and systemic injuries have been discussed. 

Definitions and examples have been given of possible interactions between potentially toxic chemicals. 



SELF ASSESSMENT QUESTIONS 

· What are the routes of human exposure to potentially toxic chemicals? 

· Name 5 chemicals that are readily absorbed through the skin. 

· What diameter of particle can reach the alveoli? 

· What are phagocytosis and tidal volume and why are they important in human toxicology? 

· How are inhalation and ingestion related? 

· What combinations of exposure pattern and chemical properties are likely to be the most harmful? 

· What are the key factors in determining whether injury follows exposure to a potentially toxic chemical? 

· What is hypersensitivity (allergy)? 

· What are the most common symptoms of allergy? 

· Define "idiosyncratic reaction and give an example. 

· Give an example of a delayed toxic effect and name the potentially toxic chemical that causes it. 

· Name 3 adverse effects that are essentially irreversible. 

· What is systemic injury and what is a target organ? 

· What is the importance of body fat in relation to potentially toxic substances? 

· What are the possibilities for interactions between potentially toxic substances in causing injury? Give examples. 



HEALTH EFFECTS OF CHEMICALS



· TOXICOLOGY 

After reading this section you should have an understanding of the relationship between toxicity and the dose or exposure concentration of the substance causing the toxic response. 

You should understand how the dose or concentration / effect relationship and dose or concentration / response relationships have formed the basis for classifying potentially toxic substances. 

You should also understand how the dose or concentration / effect relationship and dose or concentration / response relationship may be used to establish permissible exposure levels with the application of uncertainty (assessment or safety) factors. 

You should know what constitutes an adverse effect and some of the general considerations to be applied to the assessment of adverse effects. 

You should understand the concepts of hazard characterization and risk assessment as applied to potentially toxic substances. 

You should also understand how the human body responds to chemicals and how this knowledge is used in assessing potential toxicity. 

· What is toxicology? 

· Exposure to potentially toxic substances and their adverse effects 

· Dose-response and concentration-response relationships 

· Human biotransformation of chemicals and mechanisms of action 

· Standard setting 

· Identification of chemical hazards 

· Descriptive terms used on labels and in other information sources 



Dose-response and concentration-response relationships



OBJECTIVE 

You should understand the use of dose/response and concentration/response relationships to quantify toxicity (especially with regard to mortality) and the limitations of the LD50 or LC50 as a basis for comparison of toxicity. 

You should know about fixed dose testing as a possible substitute for conventional determination of the LD50 and LC50. 

You should know the fundamental considerations relating to extrapolation from quantitative results with experimental animals to assess the corresponding relationships for human beings. 

You should be familiar with typical test requirements currently applied to new chemicals. 

INTRODUCTION 

The classic dose-response or concentration-response relationship is shown in Figure 1 (1.2.2.3); this is a theoretical curve and in practice such a Gaussian curve is rarely found. 

This relationship forms the basis of the determination of the LC50 or the LD50. 

The LC50 and LD50 are specific cases of the generalized values defined below; 

LCn:-The exposure concentration of a toxicant lethal to n% of a test population. 

LDn:-The dose of a toxicant lethal to n% of a test population. 

Median lethal concentration (LC50):-The statistically derived exposure concentration of a chemical that can be expected to cause death in 50% of a given population of organisms under a defined set of experimental conditions. 

Median lethal dose (LD50):-The statistically derived single dose of a chemical that can be expected to cause death in 50% of a given population of organisms under a defined set of experimental conditions. 

Another important value that may be derived from the relationship shown is the threshold dose or concentration, the minimum dose or concentration required to produce a detectable response in the test population. 

The threshold value can never be derived with absolute certainty and therefore the lowest observed effect level (LOEL) or no observed effect level (NOEL) is used instead in deriving regulatory standards. 

The use of the LD50 in the classification of potentially toxic chemicals has been described; it must be emphasized that such a classification is only a very rough guide to relative toxicity.  The LD50 tells us nothing about sublethal toxicity. Any classification based on the LD50 is strictly valid only for the test population on which it is based and on the route of exposure. 

The LD50 tells us nothing about the shape of the dose-response curve on which it is based. Thus, 2 chemicals may appear to be equally toxic since they have the same LD50 but one may have a much lower lethal threshold and kill members of an exposed population at concentrations where the other has no effect.  See Figure 2 (1.2.2.3). Remember, these are theoretical curves and in practice, Gaussian curves of this sort are rarely, if ever, found. 

The determination and use of the LD50 is likely to decline in future as fixed dose testing becomes more widely used. 

In fixed dose testing, the test substance is administered to rats or other test species at one dose level: the dose level is selected from preset levels which equate with regulatory classification or ranking systems. 

Dosing is followed by an observation period of 14 days. The dose at which toxic signs are detected is used to rank or classify the test materials. 

A retrospective study of LD50 values showed that between 80% and 90% of those compounds which produced signs of toxicity but no deaths at dose levels of 5, 50 or 500 mg/kg body weight oral administration had LD50 values from the same studies of more than 25, from 25 to 200, or from 200 to 2000 mg/kg body weight, the European Union classification banding for very toxic, toxic and harmful. 

The initial test dose level should be selected with a view to identifying toxicity without mortality occurring.  Thus, if a group of 5 male and 5 female rats is tested with an oral dose of 500 mg/kg body weight and no clear signs of toxicity appear, the substance should not be classified in any of the categories of toxicity applied. 

If toxicity is seen but no mortality, the substance can be classed as 'harmful'. 

If mortality occurs, retesting with a dose of 50mg/kg body weight is required. 

If no mortality occurs at the lower dose but signs of toxicity are detected, the substance would be classified as 'toxic'. 

If mortality occurs at the lower dose, retesting at 5mg/kg body weight would be carried out and if signs of toxicity were detected and/or mortality occurred, the substance would be classified as very toxic. 

For full risk assessment, testing at 2000mg/kg body weight is also required if no signs of toxicity are seen at 500 mg/kg body weight. 

Fixed dose testing reduces the number of animals required and, because mortality need not occur, also greatly reduces any possible animal suffering. 

Fixed dose testing can also identify substances which have high LD50 values but still cause acute toxic affects at relatively low doses or exposures. 

In assessing the significance of LD50 or other toxicological values, pay attention to the units used in expressing dosage. Normally dosage is expressed in mg/kg body weight but it may be expressed as mg/cm2 body surface area as this has been shown in a number of cases to permit more accurate extrapolation between animals of different sizes and from test species to humans. 

For biocides, selective toxicity is the key property so that they can be used to kill pests with minimal harm to other organisms. Selective toxicity depends upon differences in biological characteristics which may be either quantitative or qualitative. Hence, minimizing the amount of pesticide used and targeting its application is crucial to avoid harm to nontarget organisms. 

Toxicity testing is primarily aimed at establishing by tests on laboratory animals what effects chemicals are likely to have on human beings who may be exposed to them.  On a body weight basis, it is assumed for toxicity data extrapolation that humans are usually about ten times more sensitive than rodents. 

On a body surface area basis, humans usually show about the same sensitivity as test mammals, that is they respond to about the same dose per unit of body surface area. 

Knowing the above relationships, it is possible to estimate the exposure to a chemical that humans should be able to tolerate. 

In a number of countries there is now a defined set of tests which must be carried out on every new chemical which is to be used or produced in an appreciable quantity, usually above 1 tonne per year. 
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Table 1.3 gives an example of test requirements applicable in a number of countries. 

TABLE 1.3 

Example of information requirements in some countries for notification and hazard assessment of new chemicals Base set information. 

1. IDENTITY OF THE SUBSTANCE 

1.1. Name 

1.1.1. Names in the IUPAC nomenclature 

1.1.2. Other names (usual name, trade name, abbreviation) 

1.1.3. CAS number (if available) 

1.2. Empirical and structural formula 

1.3. Composition of the substance 

1.3.1. Degree of purity (%) 

1.3.2. Nature of impurities, including isomers and by-products 

1.3.3. Percentage of (significant) main impurities 

1.3.4. If the substance contains a stabilising agent or an inhibitor or other additives, specify: nature, order of magnitude: . . . ppm; . . . % 

1.3.5. Spectral data (UV, IR, NMR) 

1.4. Methods of detection and determination 

A full description of the methods used or the appropriate 

bibliographical references 

2. INFORMATION ON THE SUBSTANCE 

2.1. Proposed uses 

2.1.1. Types of use Describe: the function of the substance and the desired effects 

2.1.2. Fields of application with approximate breakdown 

(a) closed system 

- industries. 

- farmers and skilled trades 

- use by the public at large 

(b) open system 

- industries. 

- farmers and skilled trades 

- use by the public at large 

2.2. Estimated production and/or imports for each of the anticipated uses or fields of application 

2.2.1. Overall production and/or imports in order of tonnes per year 1, 10, 50 100, 500, 1 000 and 5 000 

- first 12 months 

- thereafter

2.2.2. Production and/or imports, broken down in accordance with 2.1.1 and 2.1.2, expressed as a percentage 

- first 12 months 

- thereafter

2.3. Recommended methods and precautions concerning: 

2.3.1. handling 

2.3.2. storage 

2.3.3. transport 

2.3.4. fire (nature of combustion gases or pyrolysis, where proposed uses justify 

2.3.5. other dangers, particularly chemical reaction with water 

2.4. Emergency measures in the case of accidental spillage 

2.5. Emergency measures in the case of injury to persons (e.g. poisoning) 

3. PHYSICO-CHEMICAL PROPERTIES OF THE SUBSTANCE 

3.1. Melting point 

3 2. Boiling point 

...oC at ...Pa 

3 3. Relative density 

(D420) 

3.4. Vapour pressure 

Pa at ..oC; 

Pa at ..oC 

3.5. Surface tension 

N/m (..oC) 

3.6. Water solubility 

mg/litre (..oC) 

3 7. Fat solubility 

Solvent-oil (to be specified) 

mg/100g solvent (..oC) 

3.8. Partition coefficient 

n-octanol/water 

3.9. Flash point 

..oC. open cup and closed cup 

3.10. Flammability 

3.11. Explosive properties 

3.12. Auto-flammability 

..oC 

3.13. Oxidizing properties 

4. TOXICOLOGICAL STUDIES 

4.1. Acute toxicity 

4.1.1. Administered orally 

LD50 mg/kg 

Effects observed, including in the organs 

4.1.2 . Administered by inhalation 

LC50 (ppm). Duration of exposure in hours 

Effects observed, including in the organs 

4.1.3. Administered cutaneously (percutaneous absorption) 

LD50 mg/l 

Effects observed, including in the organs 

4.1.4.  Substances other than gases shall be administered via two routes at least one of which should be the oral route. The other route will depend on the intended use and on the physical properties of the substance. Gases and volatile liquids should be administered by inhalation (a minimum period of administration of four hours). in all cases, observation of the animals should be carried out for at least 14 days. Unless there are contraindications, the rat is the preferred species for oral and inhalation experiments. The experiments in 4.1.1, 4.1.2 and 4.1.3 shall be carried out on both male and female subjects. 

4.1.5. Skin irritation 

The substance should be applied to the shaved skin of an animal, preferably an albino rabbit. Duration of exposure in hours 

4.1.6. Eye irritation The rabbit is the preferred animal. 

Duration of exposure in hours 

4.1.7. Skin sensitization To be determined by a recognized method using a guinea-pig. 

4.2. Sub-acute toxicity 

4.2.1. Sub-acute toxicity (28 days) 

Effects observed on the animal and organs according to the concentrations used, including clinical and laboratory investigations 

Dose for which no toxic effect is observed 

4.2.2. A period of daily administration (five to seven days per week) for at least four weeks should be chosen. 

The route of administration should be the most appropriate having regard to the intended use, the acute toxicity and the physical and chemical properties of the substance. 

Unless there are contra-indications, the rat is the preferred species for oral and inhalatlon experiments. 

4.3. Other effects 

4.3.1. Mutagenicity (including carcinogenic pre-screening test) 

4.3.2. The substance should be examined during a series of two tests one of which should be bacteriological, with and without metabolic activation, and one non-bacteriological. 

5. ECOTOXICOLOGICAL STUDIES 

5.1. Effects on organisms 

5.1.1. Acute toxicity for fish 

LC50 (ppm) 

Duration of exposure 

Species selected (one or more) 

5.1.2. Acute toxicity for Daphnia 

LC50 (ppm) 

Duration of exposure 

5.2. Degradation - biotic and abiotic 

The BOD and the BOD/COD ratio should be determined as a minimum 

6. POSSIBILITY OF RENDERING THE SUBSTANCE HARMLESS 

6.1. For industry/skilled trades 

6.1.1. Possibility of recovery 

6.1.2. Possibility of neutralization 

6.1.3. Possibility of destruction: 

- controlled discharge 

- incineration 

- water purification station 

- others. 

6.2. For the public at Iarge 

6.2.1. Possibility of recovery 

6.2.2. Possibility of neutralization 

6.2.3. Possibility of destruction: 

- controlled discharge 

- incineration. 

- water purification station 

- others



SUMMARY 

You should now be aware of the classic dose/response or concentration/response relationship and its use as a basis for toxicity classification for regulatory purposes. 

You should also understand the main limitations of such data. 

The importance of the units used to express dosage has been emphasized. 

A typical base set of data has been listed as an example of the kind of information now required by regulatory authorities for the assessment of potential chemical hazards. 



SELF ASSESSMENT QUESTIONS 

· What is the classic dose/response or concentration/response relationship and what are the derived values that may be used for regulatory purposes? 

· What are the limits on the use of the LD50 to classify the toxicity of chemicals? 

· What units should be used to express dosage to permit extrapolation from test animals to other animals or human beings at risk? 

· What are the main components of a typical set of information requirements for registration of a new chemical? 



STANDARD SETTING

OBJECTIVE 

You should learn from this part of the module the principles underlying the establishment of permissible exposure levels. 

This involves the application of various models to the available information and you should have a knowledge of the general approach involved in each. 

You should learn the definitions of the main types of regulatory value currently in use. 

INTRODUCTION 

Toxicity testing provides the basis for hazard characterization and risk assessment in relation to human populations at risk. 

From chronic toxicity tests, a lowest observed effect level (LOEL) or no observed effect level (NOEL) can be obtained for the species studied. For a NOEL the effects looked for and not observed need to be defined, described and clearly identified. 

Estimation of a safe exposure level for humans requires the application of an uncertainty (safety) factor to the NOEL. 

The purpose of the uncertainty factor is to protect the most susceptible people and therefore it must be very large, usually 1,000 when little reliable chronic toxicity information is available. In deciding this, the reliability of the originators of the data under consideration must be established and the data must have been obtained following the application of good laboratory practice or an equivalent system of quality assurance. 

Planning for chemical safety requires scientific assessment of risk followed by pragmatic evaluation of the risk associated with various possibilities of exposure to potentially toxic substances in order to determine risk management options.

The evaluation of risk often includes consideration of what is believed to be an acceptable level of risk to decide what exposure can be tolerated for risk management purposes. One fatality in a million people at risk (1 in 106) is considered in some countries to be an acceptable level of risk for many risky situations but there may be circumstances where a greater risk, for example - one in a hundred thousand (1 in 105), may be considered tolerable if the risk is balanced by a very considerable benefit. 

It should be emphasized that an increase in mortality in the general population due to a specific cause at such a small rate would be virtually impossible to detect with current epidemiological techniques. 

Acceptability of risk is influenced by many factors and some of those which may be considered are listed below: 

1. Potential benefits of manufacture and use of the chemical 

Economic advancement in industrial and agricultural processes 

Provision of employment 

Increased government revenue 

Improved health 

Improved standard of living 

2. Potential harm from manufacture and use of the chemical 

Economic cost of environmental and health damage 

Loss of employment 

Increased government expenditure on control of chemical manufacture and use and on health care 

Damage to health and quality of life 

One of the biggest problems in risk extrapolation is in deciding what approach to use to extend the dose-response curve from high dose, high frequency responses to low dose, low frequency responses. 

The aim of extrapolation to low dose, low frequency responses is to ensure that risk is not underestimated. 

The following are the main types of mathematical modelling approaches that have been applied to extrapolation: 

1. Distribution models - assume that every member of a population has a critical dose or exposure below which no adverse effect will be observed and that the critical dose varies among individuals according to a chosen probability distribution, usually Gaussian. 

2. Mechanistic models - assume that the detailed processes for the production of adverse effects under consideration are known. 

Note The mechanistic approach is favoured for mutagenic carcinogens since the existence of a critical dosage for such carcinogens is not generally accepted; unfortunately, the correct mechanistic model for carcinogenesis is also uncertain. 

3. Pharmacokinetic models - assume that the key events in producing adverse effects are those of biotransformation and that the effective dose or concentration is that of the reactive metabolites produced. 

4. Time to tumour models - based on the time to observance of tumours and the proportion of animals developing tumours in a test population following exposure to the potential carcinogen. 

Note If the estimated time to tumour appearance following a given exposure is much greater than the normal lifetime of any individual in the population at risk, that exposure is probably safe in practical terms. 



SUMMARY 
You should now have some understanding of the different types of regulatory values used in legislation relating to chemical safety and how these regulatory values are set in relation to "safety" and the legal concept of "acceptable risk". You should know the kinds of assumption and model that are applied in deriving regulatory values and why regulatory values must generally allow a large margin for error (uncertainty factor). 



SELF ASSESSMENT QUESTIONS 

· What is a LOEL and what is a NOEL? How may a permissible exposure level be derived from a NOEL? 

· What are the essentials of - 1. a distribution model; 2. a mechanistic model; 3. a pharmacokinetic model; 4. a time to tumour model? 

· Define the following terms:  Acceptable daily intake;  Ambient standard; Ceiling value; Control limit; Emission standard; Environmental quality objective;  Environmental quality standard;  Immediately dangerous to life or health concentration;  Limit value; Maximum allowable concentration; Permissible exposure limit; Recommended exposure limit;  Recommended limit; Uncertainty factor; Short term exposure limit; Suggested no adverse response level; Temporary safe reference action level; Threshold limit value; Time weighted average concentration. 



IDENTIFICATION OF CHEMICAL HAZARDS



OBJECTIVE 

You should be able to provide a list of all potentially hazardous chemicals in your place of work or home along with related Material Safety Data Sheets such as the IPCS International Chemical Safety Cards. 

You should be able to use Material Safety Data Sheets in surveys for the assessment of potential chemical hazards and in planning preventive and emergency measures. 

Preparation of an inventory and material safety data sheets 

A list should be prepared listing all potential chemical hazards requiring consideration. 

Information should be obtained on all chemicals in the list and a Material Safety Data Sheet prepared for each one following the model provided or one which is similar..Chemical suppliers should often be able to provide you with the information that you need for your Data Sheet. 

Many chemical products are mixtures and you may have difficulty finding out what all the components are; however it is essential that you insist on this information as minor components of a mixture in quantitative terms may have severe toxic effects. 

When the components of a mixture are known, assessing the likely toxicity is still difficult, even if they have already been evaluated individually. This is because little is known of the way most chemicals interact in causing harm. 

The simplest assumption to make in the absence of other evidence is that the effects of the chemicals in a mixture will be additive. 

Remember that minor components of a mixture may be extremely toxic, for example - benzene in xylene or dioxin in the herbicide, 2,4,5-trichlorophenoxyacetic acid (2,4,5-T). 

Remember also that a major component of any product is the 'vehicle' or carrier, such as a solvent, in which the chemical is made available. Thus, solvents such as trichloroethane may be more of a problem than the substances they have been used to dissolve. 

A list of information sources is provided separately and these should be referred to where data are not available from chemical suppliers and to check the validity of essential data from whatever source since errors can occur. 

Study of Material Safety Data Sheets should allow assessment to be made of the probable nature and effects of exposure to potentially dangerous substances. 

Assessment should concentrate on the toxicity of the substance and its dose/effect relationship, likely routes of exposure, for example through the skin or lungs, the amount and concentration of the substance involved in the exposure, and the probable time of exposure. From this information, likely effects (or absence of effects) may be deduced. 

Following assessment, emphasis should be placed on the techniques required for safe handling. 

Consideration should be given to the possibility of accidents and to methods of accident prevention. 

Emergency measures to deal with accidents should be planned and put in place ready to be operated at the shortest possible notice. 

Consideration should also be given to the safe disposal or other fate of any waste materials produced. Appropriate plans and procedures should be established. 

You should make your own survey of places where potentially toxic substances are to be manufactured, used or stored, and sites for the disposal of potentially toxic waste 



Survey of places associated with potentially toxic substances

Here is a checklist, a series of questions to which the correct answer is "yes". Any "no" answers will need explanation and probably action to ensure safety. 

General checklist questions...............................................................................Answer 

· Do those responsible have a chemical safety policy? 

· Do those responsible have adequate knowledge of chemical hazards? 

· Do those working with potentially toxic substances have adequate knowledge of chemical hazards? 

· Do processes involving chemicals appear to be under control? 

· Is ventilation and temperature control adequate in buildings where potentially toxic chemicals are produced, used, or stored? 

· Do noise levels and lighting permit safe use of chemicals? 

· Is there a regular check on potential chemical hazards and revision of control measures if necessary? 

· Are all chemical containers labelled correctly? 

· Are chemicals stored properly and potentially reactive mixtures prevented by separate storage? 

· Is a plan of storage arrangements immediately available for emergency services in event of an accidents? 

NOTES 
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Examples of specific questions.............................................................. Answers 
· Do the people using chemicals know what chemicals they are using and the precautions that they should take? 

· Are the correct precautions being taken in practice? 

· Is complete documentation available on all the chemicals in use, on potentially hazardous intermediates, and on waste products? 

· Are there effective emergency plans including first aid provision, necessary equipment, and emergency procedures which are practised and kept up to date? 

· Have processes involving potentially toxic substances been fully characterized, preferably in the form of a flow sheet? 

· Is there regular monitoring to check for leaks from equipment to prevent emission of chemicals and to stop it if it occurs? 

· Are there hazard warning notices and labels on equipment where required? 

· Are local medical personnel and hospitals aware of possible causes of poisoning and prepared to cope, for example by having available appropriate antidotes or other treatment? 

NOTES 



SUMMARY 

Identification of chemical hazards is a sequential process. 

A list is prepared of all potentially toxic substances. 

Material Safety Data Sheets are completed for all substances in the list. 

A survey is carried out of the places associated with the potentially toxic substances and the safety of the existing situation assessed. 



SELF ASSESSMENT QUESTIONS 

· Without reference to the text, draw a model Material Safety Data Sheet and write a short description of how your Material Safety Data Sheet enables you to assess potential hazards, especially those resulting from toxicity. 

· Without reference to the text, prepare a checklist for a survey of places where potentially toxic substances are to be found. 

DATA RETRIEVAL



OBJECTIVES 

You should know what information is required for the assessment of potential hazard and risk associated with specific chemicals. 

You should know where to find the information you require and what international organizations exist to help you. 

You should know what books and journals may be of particular assistance. 

You should know the principal available databases and the kind of information which they contain. 

When you have found the information you require, you should be able to cite the source so that anyone can check it or supplement it if required. 

THE INFORMATION THAT YOU MAY REQUIRE IS AS FOLLOWS: 

Note These headings correspond to the data profile structure of the International Register of Potentially Toxic Chemicals (IRPTC). 

1. Identifiers, Properties and Classification 

2. Production Trade 

3. Production Processes 

4. Use 

5. Pathways into the Environment 

6. Concentrations 

· Loss/Persistence 

· Concentrations 

· Human Intake 

7. Environmental Fate Tests 

· Biodegradation/Biotransformation 

· Photodegradation 

· Hydrolysis 

· Sorption 

· Evaporation 

· Oxidation 

· Model Ecosystem Studies 

8. Environmental Fate 

9. Chemobiokinetics 

· Absorption 

· Distribution 

· Bioconcentration Factor 

· Metabolism 

· Excretion 

10. Mammalian Toxicity 

11. Special Toxicity Studies 

· Biochemical Interactions 

· Carcinogenicity 

· Mutagenicity 

· Neurotoxicity 

· Behaviour 

· Sensitization 

· Interacting Agents 

· Primary Irritation 

· Immunotoxicity 

· Reproduction 

· Teratogenicity 

12. Effects on Organisms in the Environmen 

· Aquatic Toxicity 

· Terrestrial Toxicity 

13. Sampling/Preparation/Analysis 

14. Spills 

15. Treatment of Poisoning 

16. Waste Management 
The first source to investigate is the library: relevant books are listed in Annex 1 : when consulting any of these books for specific information, go first to the Table of Contents and the Index. 

The Merck Index is particularly useful and very widely available. It is a comprehensive interdisciplinary chemical encyclopaedia. It gives brief descriptions of the preparation and general properties of chemicals and relates trivial, generic and chemical names with structures, trademarks and producing companies: it also describes the use, main pharmacological actions, and toxicity of these substances. 

The Merck Index is based on an alphabetical arrangement of chemical names, with a comprehensive cross-referencing index of alternative names, as well as indexes of Chemical Abstracts Service Registry (CAS) numbers and formulae. 

If the information required cannot be found in the available books, the next step is to consult the current literature in the form of the journals, many of which are listed in Annex 2 . 

If you cannot find a journal that meets your requirements by looking through the list given, you may wish to consult a complete directory to most of the existing periodicals, for example: Ulrich's International Periodicals Directory. Pub. Bowker, New York, annual. Two volumes.  This is a directory of periodicals available in many languages.  It is indexed alphabetically by subject and by titles. 

For each periodical it gives the full title, name and address of the publisher, subscription rates, name of the editor, date of the first issue, and where some of the journals are indexed: it also lists the periodicals that have ceased publication since the previous edition.

 In order to find relevant articles quickly, use must be made of abstracts and indexes. One of the most useful sets of abstracts is - 

· Chemical Abstracts. Pub. American Chemical Society, Columbus, Ohio, 1907 to date. Chemical Abstracts is the world's largest and most comprehensive index of the chemical literature, covering 14,000 current journals, patents, reports, specialist books and conference proceedings. Each document included is listed as a citation with an informative summary of its contents.  Chemical Abstracts may be searched through various indexes - author index, general subject index, formula index, index of ring systems, chemical substance index, or patent index. 

· Current Contents, now available on floppy disks for computer searching, lists the contents of almost all the major scientific journals with full titles and authors so that you can find relevant publications provided that the titles contain appropriate keywords or you know who is working in the field of interest to you. 

· Science Citation Index. Pub. Institution for Scientific Information, Philadelphia, 1961 to date.  Science Citation Index is another good way into the current literature.  Almost all scientific papers refer to (cite) earlier publications which support or relate to the author's point of view: all papers which cite the same publications will therefore have subject matter in common. Thus, you can identify related papers by seeking those which cite the same publication(s): Science Citation Index enables you to do this.  It can be used to trace recent source articles which cite key references (source index, citation index), to find publications from known authors or laboratories (corporate index), and to discover all articles which refer to a specific substance in their title (permuterm index). 

Literature searching - an essential skill!! 

1. Define what you are looking for. 

· Encyclopaedias and dictionaries may help you. 

2. Decide what information sources to consult. 

· Can you find what you want in standard books and reference works or must you consult the current literature? 

3. List key words to use for searching the literature. Think of synonyms. Note alternative spellings. 

4. Test search. You may find too much or too little information. You may be searching the wrong source. Re-organize your search in the light of your experience. 

5. Carry out our search. Search indexing or abstracting systems from the current volumes backwards until you have enough references for your purpose or reach a stop date, for example the year of first use of a substance. 

6. Note the references. Write down everything that you may need to know about your references. It is easy to edit out material later but not always so easy to locate it again. 

7. Examine the references. Arrange your references in an order of priority based on apparent relevance. Check those immediately available in your library and consult your librarian about the availability of others. 

8. Evaluate your findings. 

Read the abstract of each reference and decide whether the reference requires to be read in detail. 

Note reviews and read them carefully as they should evaluate much of the relevant literature for you. 

References which you find particularly informative can be used as the basis of a Science Citation Index search for recent papers that cite them. In this way you will not miss much relevant knowledge. 

Access to data bases on CD-ROM or online computer-based sources of information can simplify and speed data retrieval. The system used normally consists of a typewriter-type keyboard connected to a printer and a visual display unit (VDU). Through an interface, this equipment is connected to a CD-ROM drive or a telephone network that communicates with a computer which stores and searches for information. The computer which supplies the information is generally operated commercially and provides either a printout online or by post for a small charge. 

There are two types of computer based information - databanks and databases, for a list see Annex 3. Databanks contain preselected factual information in summary form with a carefully designed search system to facilitate location of information. 

Examples of relevant databanks are United States RTECS (Registry of Toxic Effects of Chemical Substances) and the European Community's ECDIN (Environmental Chemicals Data and Information Network). 

Databanks have a policy for selection of information included: you should check whether this includes evaluation and the nature of the evaluation. 

RTECS normally includes the most adverse information rather than the most representative or the most reliable and this may cause unjustified concern. 

When possible, you should check that data has been entered correctly since mistakes can occur. 

Databases provide direct access to the literature without any preselection or evaluation. 

Examples are TOXLINE, MEDLINE and CANCERLINE, which are free text databases. TOXLINE covers literature back to 1965 with a chemical dictionary file. 

Another example is CHEMICAL ABSTRACTS SEARCH (CAS-ONLINE) which is a free text database corresponding to Chemical Abstracts but not including abstracts before 1983. 

One of the most useful ways to search databanks and databases is to use Chemical Abstracts Service Registry Numbers which may be obtained from CAS-ONLINE. 

Beware of asterisked Registry Numbers assigned at U.S. government request to UVCB's (unknown or variable composition or biological materials) which do not have "true" Registry Numbers; these numbers are not found in CAS output. 

Among information files using Registry Numbers are the U.S. government TOSCA Inventory of Existing Substances and EINECS (European Inventory of Existing Chemical Substances). 

You must not leave computer data searching to staff who are not familiar with toxicology if you want to be sure of getting the information you require: computer skills alone are not sufficient. 

Three international sources of information should be noted particularly. 

The International Programme on Chemical Safety (IPCS) produces Environmental Health Criteria which summarize, review and evaluate available information on specific chemicals and groups of chemicals. IPCS also produces Health and Safety Guides and International Chemical Safety Cards which summarize essential information on the properties and safe use of selected chemicals. In addition, IPCS now produces the Poison Information Monograph Series. 

The International Register of Potentially Toxic Chemicals (IRPTC) supplies information to those responsible for human health and environmental protection: it is based in Geneva, responds to enquiries and makes information available through its Bulletin and monographs. Each country has a national correspondent to whom enquiries should be addressed. These national correspondents also act for INFOTERRA (below). 

The International Referral System for Sources of Environmental Information (INFOTERRA) refers enquiries to sources of information or expertise. 

The INFOTERRA International Directory has brief descriptions of about 10,000 sources of information and has set up a network of National Focal Points to which requests for information should be made. These focal points also represent IRPTC. 

The International Occupational Safety and Health Information Centre (CIS), based in the International Labour Office in Geneva, produces the bibliographic database, CISILO, accessible online and available on CD-ROM, and the bimonthly publication "Safety and Health at Work". Both products are available in English and in French. It runs an enquiry service and provides copies of original documents abstracted in CISILO. CIS is a focal point for national occupational health and safety centres. 



SUMMARY 

· You should now be aware of the available sources of information. 

· You should be able to use indexing and abstracting publications to locate relevant literature. 

· You should be able to carry out a literature search using library materials. 

· You should be aware of the main databases and databanks that are available for online computer searching. 

· You should know what information is available to you from international sources. 



SELF ASSESSMENT QUESTIONS 

If you have access to a copy of the Merck Index, try using it to obtain the following information: 

1. What are the chemical constituents of raspberry? 

2. What is myristic acid used for, where does it occur naturally, what is its LD50 in mice and by what route? 

3. What environmental health problems might be associated with the use of acetarsone? 

Arrange the following steps in a literature search in order: 

Examine relevant material. 

Define the sources 

Test search 

Evaluate findings 

Define the topics 

Record references 

Conduct the search 

List search terms 

Write the following categories of source materials beside the search steps where you would consult them: Abstracts 

Journal paper 

Textbooks 

Patents 

Reviews 

Dictionaries 

Reports 

Indexing services 

Encyclopaedias 
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MD 20705, U.S.A. 
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BIOSIS 

Biosciences Information Service 

2100 Arch Street, Philadelphia, 

PA 19103, U.S.A. 

Biological literature 

CA Search 

Chemical Abstracts Service American Chemical Society 

Ohio State University 

Columbus, OH 43210, U.S.A. 

Chemical literature in Chemical Abstracts 

CANCERLINE 

International Cancer Research Data Bank Program 

9000 Rockville Pike 

Bethesda, MD 20014, U.S.A. 

Cancer related literature 
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Canadian Centre for Occupational Health and Safety 

250 Main Street East, 

Hamilton, Ontario, Canada L8N 1H6 

Chemical and toxicological information Hazard information Transport information Training packages 

CHEMDATA 

National Chemical Emergency Centre 

B7.22 Harwell Laboratory 
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Oxfordshire OX11 0RA 

United Kingdom. 

Hazard information Emergency action advice 

CHEMLINE 

Toxicology Information Program 

U.S.National Library of Medicine 

8600 Rockville Pike 

Bethesda, MD 20209, U.S.A. 

Chemical dictionary 

CA names 

CA registry numbers and formula fragments 

CISDOC 

International Labour Office 

CIS, CH-1211 Geneva 22 

Switzerland. 

Occupational Health and Safety Data Base 

ECDIN 

CEC Joint Research Centre 

Available from: DIMDI 

Weisshausstrasse 27 

D-5000, Koln 41, Germany. 

Environmental chemicals 

EMIC 

Environmental Mutagen Information Center 

Information Center Complex, Information Division 

Oak Ridge National Laboratory 

Oak Ridge, Tennessee, U.S.A. 

Potential mutagens 

ENVIROLINE 

Environmental Information Center 

292 Madison Avenue 

New York, NY 10017, U.S.A. 

Environmental literature 

EXCERPTA 

MEDICA 

Excerpta Medica Foundation 

Keisergracht 205 

Amsterdam 

Netherlands. 

Biomedical literature 

IRPTC Data Bank 

IRPTC, Palais des Nations 

1211 Geneva 10 

Switzerland. 

Chemical and toxicity data Legal file 

MARTINDALE ONLINE 

Pharmaceutical Society of Great Britain 

1 Lambeth High Street 

London SE1 7JN 

England, U.K. 

Current data on 5000 substances 

MEDLINE 

U.S.National Library of Medicine 

8600 Rockville Pike 

Bethesda, MD 20209, U.S.A. 

Biomedical literature 

MERCK INDEX 

Merck and Co., Inc., Rahway 

New Jersey, U.S.A. 

Current data on 10 000 substances 

NIH-EPA Chemical Information System (CIS) 

Interactive Sciences Corporation, 

CIS Project 

918 16th Street NW, 

Washington D.C. 20006, U.S.A. 

40 Files including RTECS linked by SANSS 

PESTICIDE DATABANK 

British Crop Protection Council and Commonwealth 

Bureaux through Pergamon Infoline 

Data on pesticides and related substances 

RTECS 

U.S.National Institute for Occupational Safety and Health 

4676 Columbia Parkway 

Cincinnati, OH 45226, U.S.A. 

Toxicity data 

SCISEARCH 

Institute for Scientific Information 

3501 Market Street 

Philadelphia, PA 19104, U.S.A. 

Science Citation Index with records from Current Contents 

Toxicology Data Bank (TDB) 

Toxicology Information Program, 

U.S.National Library of Medicine 

8600 Rockville Pike 

Bethesda, MD 20209, U.S.A. 

Toxicology data 

TOXLINE 

Toxicology Information Program Data Base 

U.S.National Library of Medicine 

8600 Rockville Pike 

Bethesda, MD 20209, U.S.A. 

Toxicology literature 

TSCA 

U.S.Environmental Protection Agency 

Office of Pesticides and Toxic Substances 

Division of Chemical Information 

401 M Street SW 

Washington D.C. 20460, U.S.A. 

Toxicology information on the chemicals in the initial inventory of the Toxic Substances Control Act 

EXAMPLES OF THE APPLICATION OF DATA TO HAZARD AND RISK ASSESSMENT



OBJECTIVES 

You should know how assessment of data has been applied to the ranking of chemical hazards to establish priorities for action. 

This involves considerations of the quantities of chemicals involved, their environmental fate and their toxicity to people. 

You should understand how such information may be used to construct a hazard index, using a scoring model. Two examples of such models are given. You should be aware of the assumptions underlying these models from the knowledge of toxicology you have already obtained. You should view the models critically and determine their strengths and weaknesses. 

You should be able to assess probable human dose from knowledge of contaminant concentration in food or drink and information on consumption patterns and toxicological data. 

INTRODUCTION 

You are given two examples of scoring systems which have been used in ranking hazardous chemicals in waste in order to decide on priorities for control and regulation. 

The first system shown is the Michigan system, based on the following factors - acute  toxicity, carcinogenicity, hereditary mutagenicity, teratogenicity, persistence, bioaccumulation, aesthetics, and chronic adverse effects. 

Scores for each substance under consideration are obtained by applying to each factor the scales indicated in the relevant sections of Table A.1.1. A hazard index is calculated, by multiplying the scores together. 

Note the inherent problem of borderline values for the factors being scored. For example, a substance with an oral LD50 of 5 mg/kg would strictly have a score of 3 while one with an oral LD50 of 4.9 mg/kg would strictly have a score of 7. Other judgement criteria may have to be applied to scoring such cases. 

It is assumed that the greater the numerical value of the hazard index, the greater the potential for harm and the greater the need for action. 

In practice, such a hazard index will be most useful if it includes a score related to the quantities of potentially toxic chemicals in use and/or entering the environment. A scoring scheme that has been used for this purpose is shown in Table A.1.2. 

The Michigan system for rank-order assessment of critical hazardous waste materials (Michigan Department of Natural Resources, 1980) 

Table A.1.1

I. Acute toxicity 

Score Category  
Oral LD50

Dermal LD50.......Aquatic 96hour LC50 

    mg/kg

       mg/kg

 mg/L 

7..........................Less than 5...................Less than 5...............Less than 1 

3..........................5 to 50..........................5 to 200.....................1 to 10 

2..........................>50 to 500.....................>200 to 500...............>0 to 100 

1..........................>500 to 5 000.................>500 to 5 000...........>100 to 1 000 

0..........................>5 000...........................>5 000........................>1 000 

*...........................Insufficient information 

II. Carcinogenicity 

Score....................................Category 

7...........................................Human positive by inhalation, ingestion or dermal exposure 

6...........................................Human suspect by inhalation, ingestion or dermal exposure 

5...........................................Animal positive by inhalation, ingestion or dermal exposure 

4...........................................Animal suspect by inhalation, ingestion or dermal exposure 

3...........................................Carcinogenic to animals by injection 

2...........................................Strong potential carcinogen by accepted mutagenicity screening tests or accepted cell transformation studies 

1............................................Potential carcinogen by accepted mutagenicity screening tests or accepted cell transformation studies 

0............................................Not carcinogenic 

*............................................Insufficient information 

III. Hereditary mutagenicity (mutations affecting the gametes) 

Score....................Category 

7...........................Confirmed 

4...........................Suspect - evidence from multicellular organisms 

2...........................Suspect - evidence from micro-organisms 

0...........................Not a hereditary mutagen 

*............................Insufficient information 

IV. Teratogenicity 

Score.............................Category 

7...................................Confirmed 

3...................................Suspect 

0...................................Not teratogenic 

*...................................Insufficient information 

V. Persistence in the environment 

Score............................Category 

4...................................Very persistent 

3....................................Persistent 

2....................................Slowly degradable 

1....................................Moderately degradable 

0....................................Readily degradable 

*.....................................Insufficient information 

VI. Bioaccumulation 

Score......................Bioaccumulation Factor Measured With Fish.................Log Pow 

7.............................More than 4 000.......................................................More than 6.00 

3.............................1 000-3 999............................................................. 5.00-5.99 

2.............................700-999....................................................................4.50-4.99 

1..............................300-699...................................................................4.00-4.49 

0...............................Less than 300...................................................Less than 4.00 

*................................Insufficient information 

VII. Aesthetics 

Criterio 1:  Endpoint for acute exposition (LC50 or EC50)

Criterion 2: Fish tainting/taste and odour, foaming, floating film, and/or, major colour change?? 

Score...........................................Criterion 1...........................................Criterion 2 

3................................................0.0001-0.001 

2................................................>0.001-0.01 

1..................................................>0.01-0.1 ..................................................Yes 

0.......................................................>0.1......................................................No 

VIII. Chronic adverse effects 

Score...........................................Category 

4.................................................Irreversible effects 

2.................................................Reversible effects 

1.................................................Adverse effects by route other than oral, dermal or aquatic 

0.................................................No detectable adverse effects 

*..................................................Insufficient information 

Table A.1.2

Chemical Quantity Scoring Scheme 

Quantity (Tonnes/Year)...............................................................Score 

More than 10 000............................................................................5 

Between 1 000 and 10 000...............................................................4 

Between 100 and 1 000...................................................................3 

Between 10 and 100........................................................................2 

Less than 10...................................................................................1 

Rodricks' Hazard Ranking System for Hazardous Waste (1984) 

In this case, a hazard index is derived from the following equation: 

Hazard Index (HI) = Chemical Quantity (Q) x Environmental Fate and Transport(EF) x Human Toxicity (T) 

Q may be derived from Table A.1.2. The other scores may be derived from Tables A.1.3 to A.1.6. 

EF = (W + S)/ V + BCF + P 

Where 

EF = overall environmental fate and transport score 

W = water solubility 

S = soil mobility score 

V = volatility score 

BCF = bioaccumulation score 

P = persistence score 

T = AT x TP 

AT = acute toxicity 

TP = toxic potential 

Table A.1.3

ACUTE TOXICITY (AT) 

...........................................LD50............................................Score 

High....................................Less than 100 mg/kg..........................1 

Low.....................................More than 100 mg/kg.........................0 

Table A.1.4

TOXIC POTENTIAL (TP) OF CARCINOGENIC AND NONCARCINOGENIC SUBSTANCES 

NONCARCINOGENS.........................................CARCINOGENS 

ADI (mg/kg/day) ......................................Unit risk (Per g/kg/day)........................Chronic Score 

Less than 10-8............................................More than 103........................................ .......9 

Between 10-8 and 10-7................................Between 103 and 102......................................8 

Between 10-7 and 10-6................................Between 102 and 101......................................7 

Between 10-6 and 10-5................................Between 10 and 1...........................................6 

Between 10-5 and 10-4................................Between 1 and 10-1........................................5 

Between 10-4 and 10-3................................Between 10-1 and 10-2....................................4 

Between 10-3 and 10-2................................Between 10-2 and 10-3....................................3 

Between 10-2 and 10-1................................Between10-3 and 10-4 ....................................2 

More than 10-1............................................More than 10-4...............................................1 

Table A.1.5

CHEMICAL PROPERTY SCORING BENCHMARKS 

Characteristic.......................................................Score 

Water solubility (W) 

More than 10 000 ppm...............................................3 

Between 100 and 10 000 ppm.....................................2 

Less than 100 ppm.....................................................1 

Volatility (vapour pressure) (V) 

More than 78mm Hg...................................................3 

Between 25 and 78mm Hg..........................................2 

Less than 25mm Hg....................................................1 

Soil mobility (S) 

High..........................................................................3 

Moderate ...................................................................2 

Low...........................................................................1 

Table A.1.6

ENVIRONMENTAL PERSISTENCE (P) SCORING 

Half-life (days)..................................................Score 

Less than 0.001................................................Eliminated from further consideration 

Between 0.001 and 10........................................3 

Between 10 and 100...........................................6 

More than 100....................................................9 

Data and assumptions involved in the calculation of human exposure to a toxicant present as a ground water contaminant 

In order to assess whether a potentially toxic chemical in the environment is likely to affect a human population, it is essential to know the dose which the population is receiving. Once that is known, appropriate dose/effect and dose response data may be used to decide whether the dose is likely to be dangerous. 

Ground water contamination can reach people by the 5 routes listed in Table A.1.7. The same applies to all environmental toxicants but the importance of the various routes will vary with the chemical nature of the toxicant and the various chemical and biological transformations which it may undergo. 

Many factors may influence routes of exposure and these will vary from case to case. However, the general aim is always to establish a quantitative estimate of the daily human dose (DHD) of the chemical(s) under consideration in mg/kg body wt/day. Table A.1.7 lists the data and assumptions necessary to estimate the effective human dose from a groundwater contaminant. The approach may readily be modified to suit other cases where environmental media have been contaminated. 

Table A.1.7

Data and assumptions necessary to estimate human dose of a groundwater contaminant from knowledge of its concentration in groundwater: the total dose is equal to the sum of doses from the five routes (After Rodricks, 1984). 

· 1. Direct ingestion through drinking 

Amount of water consumed each day (generally assumed to be 2 litres for adults and 1 litre for each 10kg child). 

Fraction of contaminant absorbed through wall of gastro- intestinal tract. Average human body weight. 

· 2. Inhalation of contaminants 

Air concentrations resulting from showering, bathing, and other uses of water. 

Variation in air concentrations over time. 

Amount of contaminated air breathed during those activities that may lead to volatilization. 

Fraction of inhaled contaminated air absorbed through the lungs. 

Average human body weight. 

· 3. Skin absorption from water 

Period of time spent washing and bathing. 

Fraction of contaminant absorbed through the skin during washing and bathing. 

Average human body weight. 

· 4. Ingestion of contaminated food 

Concentrations of contaminant in edible portions of various plants and animals exposed to contaminated groundwater. 

Amount of contaminated food ingested each day. 

Fraction of contaminant absorbed through the wall of the gastro-intestinal tract. 

Average human body weight. 

· 5. Absorption from contaminated soil. 

Concentrations of contaminant in soil exposed to contaminated groundwater. 

Amount of daily skin contact with the soil. 

Amount of soil ingested per day (by children). 

Absorption rates (skin, gastro-intestinal tract). 

Average human body weight. 
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SUMMARY 

You should now understand the problems in ranking potentially hazardous substances when using available data to compile a hazard index. 

You should know what kinds of data are required for hazard assessment and why these data are important. 

Following the example quoted for calculating daily human dose (DHD) of a potentially toxic substance from contaminated water, you should be able to calculate a probable DHD from other sources, given the relevant data. 



SELF ASSESSMENT QUESTIONS 

· List the factors that may be scored in order to calculate a hazard index. 

· How may you calculate a hazard index from the factor scores? 

· What are the weaknesses inhererent in scoring systems and hence in hazard indexes? (Consider the adequacy of fundamental assumptions, problems of extrapolation betweeen species and between exposures, and the validity of borderline decisions between score points) 

· What are the possible routes of human exposure to environmental contaminants? 

· What information do you need to estimate human exposure by ingestion? 

· What information do you need to estimate human exposure by inhalation? 

GLOSSARY

SOME TERMS USED IN TOXICOLOGY AND CHEMICAL SAFETY (I)

(Please note that the following are not intended to be official WHO definitions)



A

· Abiotic
This is a term used to describe anything which is characterized by the absence of life or incompatible with life. In toxicology and ecotoxicology it refers to physical (e.g. heat, sunlight) or chemical processes (e.g. hydrolysis) that are capable of modifying chemical structures. Thus, abiotic transformation is a process in which a chemical in the environment is modified by non-biological mechanisms. 

· Abiotic transformation
An abiotic transformation is any process in which a chemical in the environment is modified by non-biological mechanisms. 

· Absolute risk
The excess risk due to exposure to a hazard is referred to as the absolute risk. 

· Acceptable daily intake (ADI) 
This is an estimate of the amount of a substance in food that can be ingested daily over a lifetime by humans without appreciable health risk. The concept of the ADI has been developed principally by WHO and FAO and is relevant to chemicals such as additives to foodstuffs, residues of pesticides and veterinary drugs in foods. ADIs are derived from laboratory toxicity data, and from human experiences of such chemicals when this is available, and incorporate a safety factor. The ADI is thus an estimate of the amount of a substance in food that can be ingested over a lifetime by humans without appreciable health risk (for contaminants in food and drinking water, Tolerable Intakes - daily or weekly - are used). See Tolerable Daily Intake. 

· Acceptable risk 
This concept relates to the probability of suffering disease or injury that will be tolerated by an individual, group, or society. Acceptability of risk depends on scientific data, social, economic, and political factors, and on the perceived benefits arising from a chemical or process. 

· Accumulation 
Repeated doses of a chemical may result in its concentration in an organism, organ or tissue increasing progressively and the toxic effects may become more marked with successive doses. Factors involved in accumulation include selective binding of the chemical to tissue molecules, concentration of fat soluble chemicals in body fat, absent or slow metabolism, and slow excretion. Accumulation is a mass balance effect where input exceeds output. 

· Acute toxicity See toxicity. 

· Additive effect 
An additive effect is the overall consequence which is the result of two chemicals acting together and which is the simple sum of the effects of the chemicals acting independently. See antagonistic effect, synergistic effect. 

· Adenoma
This term is applied to a tumour, usually benign, in glandular tissue. 

· Adenocarcinoma
This term is applied to a malignant tumour originating in glandular tissue. 

· Adjuvant
In immunology, this is a substance injected with antigens (usually mixed with them but sometimes given before or after the antigens) which non-specifically enhances or modifies the immune response to the antigens. 

· Adverse effect 
This is an abnormal, undesirable, or harmful effect to an organism, indicated by some result such as mortality, altered food consumption, altered body and organ weights, altered enzyme levels, or visible pathological change. A statistically significant change from the normal state of an organism exposed to a chemical is not necessarily a biologically adverse effect. The magnitude of the departure from the normal range, the consistency of the out-of-range effect, and the relationship of the effect to the physiological, biochemical, and total well-being of the organism must be considered. An effect may be classed as adverse if it causes functional or anatomical damage, causes irreversible change in the homeostasis of the organism, or increases the susceptibility of the organism to other chemical or biological stress. A non-adverse effect will usually be reversed when exposure to the chemical ceases. 

· Aerosol
This is a very broad term applied to any suspension of solid or liquid particles in a gas. Particle diameters may range from about 0.001 micrometres to about 100 micrometres. Mass concentrations may range from 10-9 to 10 grams per cubic metre of gas. 

· Aetiology
In medicine this is the science of the investigation of the cause or origin of disease. 

· Air quality standard (AQS) See environmental quality standard. 

· Alkylating agent
This is a term that describes any substance that introduces an alkyl radical into a compound in place of a hydrogen atom. 

· Allergen
This descriptor may be applied to any substance which produces an allergy (see below). 

· Allergy (hypersensitivity)
A broad term applied to disease symptoms following exposure to a previously encountered substance (allergen), often one which would otherwise be classified as harmless; essentially a malfunction of the immune system. See sensitization. 

· Ambient standard
See environmental quality standard. 

· Aneuploidy This is the condition of having an abnormal number of chromosomes for the species to which the organism under consideration belongs. 

· Antagonistic effect
This is the consequence of one chemical (or group of chemicals) counteracting the effects of another: in other words, the situation where exposure to two chemicals together has less effect than the simple sum of their independent effects; such chemicals are said to show antagonism. 

· Antigen 
The descriptor applied to any substance that produces a specific immune response when it enters the tissues of an animal. 

· Atrophy 
The process which is observed during the wasting of a tissue or an organ. 

· Autophagosome 
This is the name given to the membrane-bound body occurring inside a cell and containing decomposing cell organelles. 



B

· Base pairing
A process involving the linking of the complementary pair of polynucleotide chains of deoxyribonucleic acid by means of hydrogen bonds between the opposite purine and pyrimidine pairs. Stable base pairs form only between adenine and thymine (A-T) and guanine and cytosine (G-C). In ribonucleic acid, uracil replaces thymine and can form a base pair with adenine. 

· Benign 
This adjective is applied to a any growth which does not invade surrounding tissue. See malignant, tumour. 

· Biochemical mechanism
This is the general term for any chemical reaction or series of reactions, usually enzyme catalysed, which produces a given physiological effect in a living organism. 

· Biological half-life (t1/2) 
The term which is used for the time required for the amount of a particular substance in a biological system to be reduced to one half of its value by biological processes when the rate of removal is approximately exponential. Substances with a long biological half-life will tend to accumulate in the body and are, therefore, particularly to be avoided. Substances with a short biological half-life may accumulate if some becomes tightly bound, even if most is cleared from the body rapidly. There is also the possibility of cumulative effects of chemicals which have a short residence time in the body. 

· Biological monitoring
This is a procedure of periodic examination of biological specimens for the purposes of monitoring). It is usually applied to exposure monitoring but can also apply to effect monitoring. Analysis of the amounts of potentially toxic substances or their metabolites present in body tissues and fluids, as a means of assessing exposure to these substances and aiding timely action to prevent adverse effects. The term is also used to mean assessment of the biological status of populations and communities of organisms at risk, in order to protect them and to have early warning of possible hazards to human health. 

· Biomagnification 
This is a general term applied to the sequence of processes in an ecosystem by which higher concentrations are attained in organisms of higher trophic level, i.e., of higher levels in the food chain. The process by which xenobiotics increase in body concentration in organisms through a series of prey-predator relationships from primary producers to ultimate predators, often human beings. 

· Biotransformation
In this process, a chemical is modified by a living organism in contrast to abiotic processes referred to earlier. The enzyme-mediated transformation of xenobiotics, frequently involving phase 1 and phase 2 reactions. 



C

· Cancer
Cancer is a disease which results from the development of a malignant tumour and its spread into surrounding tissues. See tumour. 

· Carcinogen
A carcinogen is any agent, chemical, physical or biological, that can act on living tissue in such a way as to cause a malignant neoplasm. More simply, a carcinogen is any substance which causes cancer. 

· Carcinogenesis 
Carcinogenesis is the process which leads to development of cancer. Carcinogenesis may be a matter of induction by chemical, physical, or biological agents, of neoplasms that are usually not observed, an earlier induction of neoplasms that are usually observed, and/or the induction of more neoplasms than are usually found. 

· Carcinogenic
This is the adjective applied to anything which can cause cancer. 

· Carcinoma
This is a general term applied to a malignant epithelial tumour. 

· Catalase
Catalase is a haem-based enzyme which catalyses the breakdown of hydrogen peroxide into oxygen and water. It is found in all living cells, especially in the peroxisomes. 

· Ceiling value (CV)
The ceiling value is the maximum permissible airborne concentration of a potentially toxic substance and is a concentration that should never be exceeded in the breathing zone. 

· Cell line
This is a general term applied to a defined population of cells which has been maintained in a culture for an extended period and which has usually undergone a spontaneous process of transformation conferring an unlimited culture lifespan on the cells. 

· Chelation
In chemistry, this describes the combination of a metallic ion with heterocyclic ring structures in such a way that the ion is held by bonds from each of the rings. 

· Chemosis 
In medicine, this is the term given to any swelling around the eye caused by exposure to a chemical - the result of oedema of the conjunctiva. 

· Cholinesterase and pseudocholinesterase inhibitors
These are substances which inhibit the enzyme cholinesterase and thus enhance and subsequently prevent transmission of nerve impulses from one nerve cell to another or to a muscle. 

· Chromosomal aberration
Any abnormality of chromosome number or structure may be described as an aberration. 

· Chromosome
This is a structure in the nucleus of a cell composed of deoxyribonucleic acid (DNA) and protein; the chromosome forms the basis of heredity and carries genetic information in DNA in the form of a sequence of nitrogenous bases. 

· Chronic toxicity See toxicity. 

· Clastogen 
A clastogen is any substance which causes chromosomal breaks. 

· Clastogenesis
This is any process resulting in chromosomal breaks and gain, loss, or rearrangement of pieces of chromosomes. 

· Clastogenic
This is the adjective applied to any substance or process causing chromosomal breaks. 

· Cohort 
A cohort is a group of individuals, identified by a common characteristic, who are studied over a period of time as part of an epidemiological investigation. 

· Concentration-effect curve
This is a graph produced to show the relationship between the exposure concentration of a drug or xenobiotic and the magnitude of graded effect that it produces. 

· Concentration-response curve
This is a graph produced to show the relation between the exposure concentration of a drug or xenobiotic and the degree of response it produces, as measured by the percentage of the exposed population showing a defined, often quantal, effect. If the effect determined is death, the curve may be used to estimate an LC50 value. 

· Conjugate
In chemistry, this is a water soluble derivative of a chemical formed by its combination with glucuronic acid, glutathione, sulphate, acetate, glycine etc. Usually conjugation takes place in the liver and facilitates excretion of chemicals that would otherwise tend to accumulate in the body because of their solubility in body fat. 

· Conjunctiva
The term applied to the mucous membrane that covers the eyeball and the undersurface of the eyelids. 

· Control limit
A regulatory value applied to the airborne concentration in the workplace of a potentially toxic substance which is judged to be "reasonably practicable" for the whole spectrum of work activities and which must not normally be exceeded. 

· Corrosion of tissue 
This is the destruction of tissue by a substance on direct contact. 

· Corrosive of tissue 
The descriptor applied to any substance which destroys tissues on direct contact. 

· Cytochrome P-450 
This is a haem-containing protein which takes part in the phase I reactions of xenobiotics during biotransformation processes. 

· Cytogenetics
Cytogenetics is that part of the science of genetics which correlates the structure and number of chromosomes with heredity and genetic variability. 

· Cytoplasm
In cell biology, this term is applied to the ground substance of the cell in which are situated the cell organelles such as the nucleus, mitochondria, endoplasmic reticulum, ribosomes etc. 

· Cytotoxic
The adjective applied to anything that is harmful to cell structure and function and ultimately causing cell death. 



D

· Deoxyribonucleic acid (DNA)
DNA is the constituent of chromosomes which stores the hereditary information in the form of a sequence of nitrogenous bases. Much of this information relates to the synthesis of proteins. 

· Dermal irritation 
This is a localized skin reaction resulting from either single or multiple exposure to a physical or chemical agent at the same site. It is characterized by redness and swelling and may be accompanied by local cell death. 

· Detergent 
A detergent is a cleaning or wetting agent, classed as anionic if it has a negative charge and cationic if it has a positive charge. 

· Detoxify 
Reduce the toxicity of a substance either (1) by making it less harmful or (2) by treating patients suffering from poisoning in such a way as to reduce the probability and/or severity of harmful effects. 

· Distribution
This is a general term for the dispersal of a xenobiotic and its derivatives throughout an organism or environmental system. 

· Dose-effect curve 
This is a graph drawn to show the relationship between the dose of a drug or xenobiotic and the magnitude of the graded effect that it produces. 

· Dose-response curve
This is a graph to show the relation between the dose of a drug or xenobiotic and the degree of response it produces, as measured by the percentage of the exposed population showing a defined, often quantal, effect. If the effect determined is death, such a curve may be used to estimate an LD50 value. 



E

· ECn 
This is the commonly used abbreviation for the exposure concentration of a toxicant causing a defined effect on n% of a test population. 

· EDn 
This is the commonly used abbreviation for the dose of a toxicant causing a defined effect on n% of a test population. 

· Ecotoxicology
Ecotoxicology is the science devoted to the study of the production of harmful effects by substances entering the natural environment, especially effects on populations, communities, and ecosystems; an essential part of ecotoxicology is the assessment of movement of potentially toxic substances through environmental compartments and through food webs. 

· Elimination
The process whereby a substance or other material is expelled from the body (or a defined part thereof), usually by a process of extrusion or exclusion but sometimes through metabolic transformation. The combination of chemical degradation of a xenobiotic in the body and excretion by the intestine, kidneys, lungs, skin, in sweat, expired air, milk, semen, menstrual fluid or secreted fluids. 

· Embryo 
This term is applied to the earliest stages of development of a plant or animal. The embryo is generally contained in another structure, the seed, egg, or uterus. 

· Embryotoxic 
This adjective is applied to any substance which is harmful, in any sense, to an embryo. 

· Emission standard
This regulatory value is a quantitative limit on the emission or discharge of a potentially toxic substance from a source. The simplest form for regulatory purposes is a uniform emission standard (UES) where the same limit is placed on all emissions of a particular contaminant. See limit values. 

· Endoplasmic reticulum
In cell biology, this is a complex pipe-like system of membranes that occupies much of the cytoplasm in cells and which contains many of the enzymes which mediate biodegradation of xenobiotics. 

· Environmental quality objective (EQO)
This is a regulatory value defining the quality to be aimed for in a particular aspect of the environment, for example "the quality of water in a river such that coarse fish can maintain healthy populations". Unlike an environmental quality standard, an EQO is not usually expressed in quantitative terms and it is not legally enforceable. 

· Environmental quality standard (EQS)
This regulatory value defines the maximum concentration of a potentially toxic substance which can be allowed in an environmental compartment, usually air (air quality standard - AQS) or water, over a defined period. Synonym: ambient standard. See limit values. 

· Enzymic (enzymatic) process
Any chemical reaction or series of reactions catalysed by an enzyme or enzymes is described as an enzymic or enzymatic process. An enzyme is a protein which acts as a highly selective catalyst permitting reactions to take place rapidly in living cells under physiological conditions. 

· Epidemiology 
Epidemiology is the science devoted to the statistical study of categories of persons and the patterns of diseases from which they suffer, with the aim of determining the events or circumstances causing these diseases. 

· Epigenetic changes
Any changes in an organism brought about by alterations in the action of genes are called epigenetic changes. Epigenetic transformation refers to those processes which cause normal cells to become tumour cells without any mutations having occurred. See mutation, transformation, tumour. 

· Erythema
In medicine, this term is applied to redness of the skin due to blood vessel distension. 

· Eschar 
In medicine, this term describes a slough or dry scab that forms, for example, on an area of skin that has been burnt or exposed to corrosive agents. 

· ET50 
This abbreviation is used for the exposure time required to produce a defined effect when a test population is exposed to a fixed concentration or specified dose of a toxicant. 

· Eukaryote 
A eukaryote is an organism (micro-organism, plant or animal) whose cells contain a membrane-bound nucleus and other membrane-bound organelles. Compare prokaryote. 

· Eutrophication
Eutrophication refers to the accumulation of nutrients in a lake or landlocked body of water. This occurs naturally over many years but has recently been accelerated by fertilizer runoff from farms and sewage input. Algal blooms result and their decay removes dissolved oxygen, eliminating aerobic organisms such as fish, and may cause accumulation of sulphide in the water. 

· Excretion 
This is a general term for removal of substances from the body. 



F

· Fetus (foetus)
In medicine, this term is applied to the young of mammals when fully developed in the womb. In human beings, this stage is reached after about 3 months of pregnancy. Prior to this, the developing mammal is at the embryo stage. 

· First-order process
A first order process is a chemical process where the rate is directly proportional to the amount of chemical present. Any process changing at a constant fractional rate. 

· First-pass effect 
This is the chemical alteration resulting from biotransformation of a xenobiotic before it reaches the systemic circulation. Such biotransformation by the liver is referred to as a hepatic first-pass effect. 

· Foci 
The medical term applied to a small group of cells occurring in an organ and distinguishable, either in appearance or histochemically, from the surrounding tissue. 

· Foetus See fetus. 

· Frame-shift mutation
Such a mutation is a change in the structure of DNA causing the transcription of genetic information into RNA to be completely altered because the start point for reading has been changed. In other words, the reading frame for transcription has been altered. 

· Fugacity
Broadly speaking, this word is applied to the tendency for a substance to move from one environmental compartment to another. Originally the term was applied to the tendency of a gas to expand or escape and related to its pressure in the system being studied. 

· Fungicide 
Descriptor for a chemical used to kill fungi. See pesticide. 



G

· Gene
This is the part of the DNA molecule which carries the information defining the sequence of amino-acids in a specific polypeptide chain. 

· Genome 
The general term for all the genes carried by a cell. 

· Genetic toxicology (genotoxicology)
This is the study of chemicals which can cause harmful heritable changes in the genetic information carried by living organisms in the form of deoxyribonucleic acid (DNA). 

· Genotoxic
This is the adjective applied to any substance that is able to cause harmful changes to DNA. Such changes may lead to a transformed cell which can form a malignant tumour. 

· Graded effect
This is an effect that can usually be measured on a continuous scale of intensity or severity and its magnitude related directly to dose. An effect increasing in severity with increasing dose or exposure concentration. 

· Guinea pig maximization test
This is a skin test for screening possible contact allergens. It is considered to be a useful model for predicting likely moderate and strong sensitizers in humans. 



H

· Haemosiderin
This is the name given to the iron-protein molecule which is a source of iron for haemoglobin synthesis and other processes requiring iron. 

· Haploid
This adjective is applied to a cell containing only one set of chromosomes. 

· Hazard 
"Hazard" is the general term for anything which has the ability to cause injury or for the potential to cause injury. The hazard associated with a potentially toxic substance is a function of its toxicity and the potential for exposure to the substance. The probability of exposure to the substance is a risk factor. Compare risk. 

· Hepatocyte
In histology, this name is given to a parenchymal liver cell. 

· Hepatotoxic
The adjective applied to anything which is harmful to the liver. 

· Herbicide
The descriptor applied to a chemical used to kill plants. See pesticide. 

· Histochemistry 
This is the science concerned with the chemistry of microscopically visible structures. Chemical processes used to make cell structure microscopically visible. 

· Histology
This is the science concerned with the study of the microanatomy of tissues and their cellular structure. 

· Histopathology
This is the science concerned with the study of microscopic changes in diseased tissues. 

· Homeostasis
In medicine and biology, this term is applied to the inherent tendency in an organism toward maintenance of physiological and psychological stability. 

· Hydrosphere
This is the broad name for the water above, on or in the earth's crust, including oceans, seas, lakes, ground water, and atmospheric moisture. 

· Hypotriglyceridaemia
In medicine, this defines the situation characterized by a decreased blood triglyceride content. 

· Hypersensitivity See allergy. 



I

· Immediately dangerous to life or health concentration (IDLH) 
This is a regulatory value defined as the maximum exposure concentration in the workplace from which one could escape within 30 minutes without any escape-impairing symptoms or any irreversible health effects. This value should be referred to in respirator selection. 

· Immune response 
The immune response is the general reaction of the body to substances that are foreign or treated as foreign. It may take various forms e.g. antibody production, cell-mediated immunity, immunological tolerance, or hypersensitivity (allergy). 

· Immunochemistry 
This is the science concerned with the chemistry of antigens, antibodies, and their relationship to each other. 

· Immunosuppression 
In medicine, this term is applied to inhibition of the normal response of the immune system to an antigen. 

· Immunotoxic
This adjective is applied to any substance harmful to the immune system. 

· Initiator
Any agent which starts the process of tumour formation, usually by action on the genetic material, is called an initiator. 

· Insecticide
This descriptor is applied to any chemical used to kill insects. See pesticide. 

· In vitro
A term applied to any study carried out in isolation from the living organism in an experimental system (applied to studies of biological functions or processes to contrast with in vivo studies). 

· In vivo
The term used to contrast with "in vitro" describing any study carried out within the living organism. 

· Irritant
This descriptor is applied to any substance causing inflammation following immediate, prolonged, or repeated contact with skin or mucous membrane. 

· Ischaemia
In medicine, this term is applied to deficiency of blood supply to any part of the body, relative its local requirements. 

· I.v.
This is the abbreviation for intravenous (used in relation to administration of drugs or other substances). 



L

· Lauric acid hydroxylase (hydroxylation) 
Lauric acid 11- (=omega-1) or 12 (=omega) hydroxylating enzyme which is used as a marker for the measurement of an isoenzyme of cytochrome P-450. This microsomal enzyme is induced in rodent liver by several peroxisomal proliferators. See microsome, peroxisome. 

· LCn
This abbreviation is used for the exposure concentration of a toxicant lethal to n% of a test population. See median lethal concentration. 

· LDn 
This abbreviation is used for the dose of a toxicant lethal to n% of a test population. See median lethal dose. 

· Liver nodule 
This medical term is applied to any small node or aggregation of cells within the liver. 

· Lysimeter
Laboratory column of selected representative soil or a protected monolith of undisturbed field soil with facilities for sampling and monitoring the movement of water and chemicals. 



M

· Macrophages
Large phagocytic cells found in connective tissue, especially in areas of inflammation. 

· macroscopic (gross) pathology 
Study in diseased tissues of changes which are visible to the naked eye. 

· Malignancy
Cancerous growth, a mass of cells showing uncontrolled growth, a tendency to invade and damage surrounding tissues and an ability to seed daughter growths to sites remote from the primary growth. 

· Malignant
Adjective describing cells in a cancerous growth. See tumour. 

· Maximum allowable concentration (MAC) 
Exposure concentration not to be exceeded under any circumstances. 

· Maximum Residue Limit (MRL) 
MRLs are estimated for individual pesticides or veterinary drug residues in various food commodities. They are based on good agricultural practice (pesticides) or good practice in the use of veterinary drugs in which the product has been used in an efficacious manner and appropriate withdrawal periods have been followed. They are expressed as either the parent compound or a metabolite that is, or is representative of, the residue of toxicological concern in the food commodity. MRLs are not based upon toxicological data, but crude estimates of their toxicological significance are usually made by comparing the acceptable daily intake (ADI) with a calculation of the total intake of the residue based on the MRLs and food intake data of these commodities for which MRLs have been established. 

· Median effective concentration (EC50)
Statistically derived concentration of a toxicant that can be expected to cause a defined non-lethal effect in 50% of a given population of organisms under defined conditions. The defined effect must be quantal. See quantal. 

· Median effective dose (ED50)
Statistically derived single dose of a substance that can be expected to cause a non-lethal effect of a defined size in 50% of a given population of organisms under a defined set of experimental conditions. The defined effect must be quantal. See quantal. 

· Median lethal concentration
Statistically derived concentration of a chemical in water that can be expected to cause death in 50% of a given population of organisms under a defined set of experimental conditions. 

· Median lethal dose (LD50)
Statistically derived single dose of a chemical that can be expected to cause death in 50% of a given population of organisms under a defined set of experimental conditions. This figure has often been used to classify and compare toxicity among chemicals but its value for this purpose is doubtful. A commonly used classification of this kind is as follows: 

Category..........................................LD50 Orally to Rat (mg/kg body weight) 

Very toxic.........................................Less than 25 

Toxic...............................................More than 25 to 200 

Harmful............................................More than 200 to 2 000.

· Mesothelioma
Malignant spreading tumour of the mesothelium of the pleura, pericardium, or peritoneum, arising as a result of the presence of asbestos fibres. It is diagnostic of exposure to asbestos. 

· Metabolic activation
Biotransformation of relatively inert chemicals to biologically reactive metabolites. See biotransformation. 

· Metabolism
Sum of the physical and chemical changes that take place in living organisms. These changes include both synthesis (anabolism) and breakdown (catabolism) of body constituents. In a narrower sense, the physical and chemical changes that take place in a given chemical substance within an organism. It includes the uptake and distribution within the body of chemical compounds, the changes (biotransformations) undergone by such substances, and the elimination of the compounds and their metabolites. 

· Mixed function oxidases
Oxidizing enzymes which are involved in the metabolism of many foreign compounds, giving products of different toxicity from the parent compound. 

· Molluscicide
Chemical used to kill molluscs. See pesticide. 

· Mononuclear phagocyte system See reticuloendothelial system. 

· Multigeneration study
Toxicity test in which at least 3 generations of the test organism are exposed to the substance being assessed. Exposure is usually continuous. 

· Mutagen
Agent causing mutations. 

· Mutagenic
Causing mutations; mutagenic substances may also be carcinogenic. 

· Mutagenesis 
Production of mutations; this may lead to transformation and carcinogenesis. See carcinogenesis, transformation. 

· Mutation
Any heritable change in genetic material. This may be a chemical transformation of an individual gene (a gene or point mutation), which alters its function. On the other hand, this change may involve a rearrangement, or a gain or loss of part of a chromosome, which may be microscopically visible. This is designated a chromosomal mutation. Most mutations are harmful. 



N

· Necrosis
Mass death of areas of tissue surrounded by otherwise healthy tissue. 

· Nematicide
Chemical used to kill nematodes. 

· Neoplasm
Any new formation of tissue associated with disease such as a tumour. See malignancy, tumour. 

· Nephrotoxic
This descriptor is applied to any substance harmful to the kidney. 

· No observed effect level (NOEL) 
This is the greatest concentration or amount of a chemical found by experiment or observation that causes no detectable adverse alteration of morphology, functional capacity, growth, development, or life span of the target organism. The maximum dose or ambient concentration which an organism can tolerate over a specified period of time without showing any detectable adverse effect and above which adverse effects are apparent. See adverse effect. 



O

· Occupational hygiene
Occupational hygiene is the applied science concerned with the recognition, evaluation, and control of chemical, physical and biological factors arising in or from the workplace which may affect the health or well-being of those at work or in the community. 

· Ocular
The adjective applied to anything pertaining to the eye. 

· Organelle
In cell biology, this is any structure which occurs in cells and which has a specialized function. 



P

· Parakeratosis
In medicine, this term is applied to the imperfect formation of horn cells of the epidermis. 

· Parenchyma (-al)
In medicine, this term is applied to a specific or functional component of a gland or organ. 

· Partition coefficient
The partition coefficient is the constant ratio that is found when a heterogeneous system of two phases is in equilibrium; the ratio of the concentrations (or strictly activities) of the same molecular species in the two phases is constant at constant temperature and pressure. 

· Peroxisome
In cell biology, this is the organelle present in the cytoplasm of eukaryotic cells and characterized by its content of catalase and other oxidative enzymes such as peroxidase. 

· Pests
Pests are organisms which may adversely effect public health or attack food and other materials important to mankind. 

· Pesticides
This is the descriptor applied to chemicals used to kill pests and minimize their impact on agriculture, health and other human interests. Pesticides are often classified according to the organisms which they are used to control, e.g. as fungicides, herbicides, insecticides, molluscicides, nematicides, rodenticides etc. 

· Phagocytosis 
Phagocytosis is the term describing the ingestion of micro-organisms, cells, and foreign particles by phagocytes, e.g. phagocytic macrophages. See macrophages. 

· Pharmacodynamics
Broadly, this is the science concerned with the study of the way in which xenobiotics exert their effects on living organisms. Such a study aims to define the fundamental physicochemical processes which lead to the biological effect observed. Synonym: toxicodynamics. 

· Pharmacokinetics 
This is the science which describes quantitatively the uptake of drugs by the body, their biotransformation, their distribution, metabolism, and elimination from the body. Both total amounts and tissue and organ concentrations are considered. "Toxicokinetics" is essentially the same term applied to xenobiotics other than drugs. 

· Phase 1 reactions
This group of reactions comprises every possible stage in the enzymic modification of a xenobiotic by oxidation, reduction, hydrolysis, hydroxylation, dehydrochlorination and related reactions. 

· Phase 2 reactions
This group of reactions comprises all reactions concerned with modification of a xenobiotic by conjugation. See conjugate. 

· Phenotype
This is a term which is applied to the appearance or constitutional nature of an organism as contrasted with its genetic potential, the genotype. See genotype. 

· P.o.
This is the abbreviation for per os, signifying oral administration. 

· Potentiation
Potentiation is the ability of one chemical to enhance the activity of another chemical to an extent greater than the simple summation of the two expected activities. 

· Practical certainty
The concept of practical certainty involves the determination of a numerically specified low risk or socially acceptable risk which may be used in decision making where absolute certainty is not possible. 

· Predicted environmental concentration
This is the estimated concentration of a chemical in an environmental compartment calculated from available information on its properties, its use and discharge patterns, and the quantities involved. 

· prokaryote
A prokaryote is an organism, e.g. a mycoplasma, a blue-green alga or a bacterium, whose cells contain no membrane-bound nucleus or other membranous organelles. See eukaryote. 

· Promoter (carcinogenicity)
This is an agent which increases tumour production by another substance when applied to susceptible organisms after their exposure to the first substance. 

· Protein binding
This is the property of having a physicochemical affinity for protein. 

· Pulmonary alveoli 
The pulmonary alveoli are minute air-filled sacs in the vertebrate lung, thin walled and surrounded by blood vessels. 



Q

· Quantal effect
A quantal effect is one which either happens or does not happen, e.g. death. Synonym: all-or-none effect. 

· Quantitative structure-activity relationship (QSAR) See structure-activity relationship. 



R

· Recommended limit 
This regulatory value is the maximum concentration of a potentially toxic substance which is believed to be safe. Such limits often have no legal backing in which case a control or statutory guide level which should not be exceeded under any circumstances may be set. See control limit. 

· Relative risk
This term may have any of the following meanings depending upon context. (i) Ratio of the risk of disease or death among the exposed to the risk among the unexposed: this usage is synonymous with "risk ratio"; (ii) Alternately, the ratio of the cumulative incidence rate in the exposed to the cumulative incidence rate in the unexposed, i.e. the cumulative incidence ratio; (iii) Sometimes used as a synonym for "odds ratio". See risk. 

· Renal 
This term is applied to anything associated with the kidneys. 

· Reproductive toxicology 
Reproductive toxicology is the study of the effects of chemicals on the adult reproductive and neuroendocrine systems, the embryo, fetus, neonate and prepubertal mammal. 

· Reticuloendothelial system
This is the system of cells which have the ability to take up and retain certain dyes and particles ingested into a living animal. This term has generally been replaced by the term, mononuclear phagocyte system. 

· Ribonucleic acid (RNA)
RNA is the generic term for polynucleotides, similar to DNA but containing ribose in place of deoxyribose and uracil in place of thymine. These molecules are involved in the transfer of information from DNA, programming protein synthesis and maintaining ribosome structure. The 4 main types of RNA are heterogeneous nuclear RNA (hRNA), messenger RNA (mRNA), transfer RNA (tRNA) and ribosomal RNA (rRNA). 

· Risk
This term must not be confused with the term "hazard". It is most correctly applied to the predicted or actual frequency of occurrence of an adverse effect of a chemical or other hazard. 

· Risk assessment 
Risk assessment is the identification and quantification of the risk resulting from a specific use or occurrence of a chemical, taking into account the possible harmful effects on individual people or society of using the chemical in the amount and manner proposed and all the possible routes of exposure. Quantification ideally requires the establishment of dose-effect and dose-response relationships in likely target individuals and populations. Compare "risk evaluation" below. 

· Risk evaluation
Risk evaluation involves the establishment of a qualitative or quantitative relationship between risks and benefits, involving the complex process of determining the significance of the identified hazards and estimated risks to those organisms or people concerned with or affected by them. 

· Risk management
Risk management is the decision-making process involving considerations of political, social, economic and engineering factors with relevant risk assessments relating to a potential hazard so as to develop, analyse and compare regulatory options and to select the optimal regulatory response for safety from that hazard. Essentially risk management is the combination of three steps: risk evaluation; emission and exposure control; risk monitoring. 

· Rodenticide
This is the descriptor applied to any chemical used to kill rodents. See pesticide. 



S

· Safety
Safety is the practical certainty that injury will not result from exposure to a hazard under defined conditions: in other words, the high probability that injury will not result. See practical certainty. 

· Safety factor See uncertainty factor. 

· Sensitization
This is the term applied to the exposure to a substance (allergen) which provokes a response in the immune system such that disease symptoms will ensue on subsequent encounters with the same substance. See hypersensitivity, immune system. 

· Short term exposure limit (STEL)
According to American Conference of Governmental Hygienists, this is the time weighted average (TWA) airborne concentration to which workers may be exposed for periods up to 15 minutes, with no more than 4 such excursions per day and at least 60 minutes between them. See Time Weighted Average. 

· Sister chromatid exchange
This is the process producing reciprocal exchange of DNA between the two DNA molecules of a replicating chromosome. See deoxyribonucleic acid, chromosome. 

· Stochastic
This is the adjective applied to any phenomenon obeying the laws of probability. 

· Structure activity relationship (SAR)
The analysis of the dependence of the biological effects of a chemical upon its molecular structure produces a structure activity relationship. Molecular structure and biological activity are correlated by observing the results of systematic structural modification on defined biological endpoints. 

· Subacute toxicity See toxicity. 

· Subchronic toxicity See toxicity. 

· Suggested no adverse response level (SNARL)
This regulatory value defines the maximum dose or concentration which, on the basis of current knowledge, is likely to be tolerated by an organism without producing any adverse effect. 

· Surfactant 
The descriptor for any substance that lowers surface tension. 

· Synergistic effect 
A synergistic effect is the any effect of two chemicals acting together which is greater than the simple sum of their effects when acting alone: such chemicals are said to show synergism. 



T

· Target organ dose 
The target organ dose is the amount of a potentially toxic substance reaching the organ chiefly affected by that substance. 

· Temporary safe reference action level (TSRAL) 
This is the regulatory value defining the inhalational exposure level in the workplace which is safe for a short time but which should be reduced as soon as possible or appropriate respiratory protection employed. 

· Teratogen 
This is the descriptor applied to any substance that can cause non-heritable birth defects. 

· Teratogenesis
Teratogenesis is the production of non-heritable birth defects. 

· Teratogenic
Anything which produces nonheritable birth defects is said to be teratogenic. 

· Threshold limit value (TLV) 
This is a guideline value defined by the American Conference of Governmental Hygienists to establish the airborne concentration of a potentially toxic substance to which it is believed that healthy working adults may be exposed safely through a 40 hour working week and a full working life. This concentration is measured as a time weighted average concentration (see below). They are developed only as guidelines to assist in the control of health hazards and are not developed for use as legal standards. 

· Time weighted average concentration (TWA) 
This is a regulatory value defining the concentration of a substance to which a person is exposed in ambient air, averaged over a period, usually 8 hours. For a person exposed to 0.1 mg m-3 for 6 hours and 0.2 mg m-3 for 2 hours, the 8 hour TWA is (0.1 x 6 + 0.2 x 2) / 8 which equals 0.125 mg m-3. 

· Tolerable Daily Intake (TDI) 
TDIs are applied to chemical contaminants in food and drinking water. The presence of contaminants is unwanted and they have no useful function, differing from additives and residues where there is or was deliberate use resulting in their presence. TDIs are calculated on the basis of laboratory toxicity data with the application of uncertainty factors. A TDI is thus an estimate of the amount of a substance (contaminant) in food or drinking water that can be ingested daily over a lifetime without appreciable health risk. 

· Tolerance 
Tolerance is the ability to experience exposure to potentially harmful amounts of a substance without showing an adverse effect. 

· Toxic 
This is the adjective applied to any substance able to cause injury to living organisms as a result of physicochemical interaction. See toxicity. 

· Toxicant
This descriptor is applied to any substance which is potentially toxic. See toxicity. 

· Toxicity
The term "toxicity" is used in two different senses. (i) Capacity to cause injury to a living organism; (ii) Any adverse effects of a chemical on a living organism. See Adverse effect. The severity of toxicity produced by any chemical is directly proportional to the exposure concentration and the exposure time. This relationship varies with the developmental stage of an organism and with its physiological status. 

· Acute toxicity
Adverse effects occurring within a short time of administration of a single dose of a chemical, or immediately following short or continuous exposure, or multiple doses over 24 hours or less. 

· Subacute (subchronic) toxicity Adverse effects occurring as a result of repeated daily dosing of a chemical, or exposure to the chemical, for part of an organism's lifespan (usually not exceeding 10%). With experimental animals, the period of exposure may range from a few days to 6 months. 

· Chronic toxicity
Adverse effects occurring as a result of repeated dosing with a chemical on a daily basis, or exposure to the chemical, for a large part of an organism's lifespan (usually more than 50%). With experimental animals, this usually means a period of exposure of more than 3 months. Chronic exposure studies over 2 years using rats or mice are used to assess the carcinogenic potential of chemicals. See carcinogenicity. 

· Toxicity assessment
This is the process of defining the nature of injuries that may be caused to an organism by exposure to a given chemical and the exposure concentration and time dependence of the chemically induced injuries. The aim of the assessment is to establish safe exposure concentration limits in relation to possible time of exposure. 

· Toxicodynamics See pharmacodynamics. 

· Toxicokinetics See pharmacokinetics. 

· Toxin
A toxin is a fairly complex and highly toxic organic substance produced by a living organism. See toxicant. 

· Transformation (neoplastic)
Neoplastic transformation is the conversion of normal cells into tumour cells (see below). Frequently this is the result of a genetic change (mutagenesis) and the same term is used to describe the genetic modification of bacteria for use in biotechnology. See epigenetic changes, genetic toxicology, genotoxic, mutation, mutagenesis, tumour. 

· Trohoc
This term is regarded with disapproval by the majority of epidemiologists. It is used to describe an epidemiological study which starts with the outcome and looks backward for the causes. 

· Tumour (neoplasm)
This term describes any growth of tissue forming an abnormal mass. Cells of a benign tumour will not spread and will not cause cancer. Cells of a malignant tumour can spread through the body and cause cancer. 

· Tumorigenic
This adjective is applied to anything which causes tumour formation. 



U

· Uncertainty (safety) factor (UF) 
This term may be used in either of two ways depending upon the context (i) Mathematical expression of uncertainty applied to data that are used to protect populations from hazards which cannot be assessed with high precision. (ii) With regard to food additives and contaminants, a factor applied to the no-observed effect level to derive acceptable daily intake (ADI) (the no-observed-effect level is divided by the safety factor to calculate the ADI). The value of the safety factor depends on the nature of the toxic effect, the size and type of the population to be protected, and the quality of the toxicological information available. 

· Urate oxidase
This is the hepatic peroxisomal enzyme which catalyses the oxygen mediated conversion of uric acid into allantoin. See peroxisome. 



X

· Xenobiotic
A xenobiotic is a chemical which is not a natural component of the organism exposed to it. Synonyms: drug, foreign substance or compound, exogenous substance or compound. 

· Xenobiotic metabolism
Xenobiotic metabolism is the sum of the physical and chemical changes that affect foreign substances in living organisms from uptake to excretion. 
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