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Environmental toxicology is anultidisciplinary field of science

concerned with the study of the harmful effectvafious chemicals in

the surrounding orliving organisms. A chemical is a substance
obtained by a chemical process or that producdsemical effect on a
living system. It is a hybrid pharmacology and péigy aimed at

guantifying the health-threatening effects of chmald on biologic

systems in order to detect, treat and possibly gireany damage. It
involves the study of the mechanisms of poisoningmxication.

These harmful chemical agents are found at evesgpfar diverse
purposes. Can you identify them in hospitals, plasaies, laboratories,
schools, markets, industries, farms, air, watend|aat homes, etc.?
Environmental toxicology is a specialty that stsdiehemicals or
materials found in man‘s surrounding which may hasreerse chemical
effect on him, directly or indirectly.

Environmental toxicology therefore investigates lygaints and their
interaction with man. Consequently, it deals whike study of how the
substance enters the body to determine its fasec(kinetics) and the
action of the drug or response of the body to itesence
(toxicodynamics).

Thus, Environmental toxicology is relevant to evsgy, especially
those involved in environmental health and chensefébty.

WHAT YOU WILL LEARN IN THIS COURSE

This is a three-credit unit's course. This cours@lg explains to you
what you should be expecting from this course netefhe study of
Environmental toxicology equips you with the knodde and skill to
identify harmful or potential harmful materialsniman‘s surroundings.

Environmental toxicology answers questions as winakes a chemical
agent harmful or deadly; what measures can you takgrevent the
toxicity or lethality of the poisonous material anal you; how can a
substance in your environment or in your food cladfact your health.

In this course, you will learn all the basic cortseprocesses and
applications in environmental toxicology. You wilhderstand terms
like toxicodynamics, toxicokinetics, toxicity, medi dose and so on.
You will appreciate the role of toxicology in chemal safety and
environmental health.



INTRODUCTION

COURSE AIM

The aim of this course is to provide a good undexinhg of the
concepts of applications of environmental toxicglogn ensuring
chemical safety and environmental health.

COURSE OBJECTIVES

At the end of this course, you should be able to:

. define and explain the basic concepts of chem@a#iglogy and
environmental toxicology

. state the applications of chemical pathology andrenmental
toxicology

. explain how toxicants have effect on the body

explain how the human body interacts with the taris
exposed to it

identify and classify environmental toxicants

identify and classify environmental pollutants

explain the health effects of pollutants

explain the dose — response concept

explain the basic concept of pharmaco-environmeggol
enumerate how to evaluate the toxicity of known ankihown
substances found in the environment

WORKING THROUGH THIS COURSE

This course has been carefully put together bearingiind that you
might be new to the course. However, efforts haaenbmade to ensure
that adequate explanation and illustrations werdarta enhance better
understanding of the course. You are thereforeisadvo spend quality
time to study this course and ensure that you cttatorial sessions
where you can ask questions and compare your kadgelaith that of
your classmates.

COURSE MATERIALS
You will be provided with the following materials:

I. A course guide
. Study units

In addition, this course comes with a list of recoemded text books
which are not compulsory for you to buy or readt are essential to
give you more insight to various topics discussed.






STUDY UNITS

The study units in this course are as follows.

Module 1

Unit 1
Unit 2
Unit 3

Module 2

Unit 1
Unit 2
Unit 3
Unit 4

Module 3

Unit 1
Unit 2
Unit 3
Unit 4
Unit5
Unit 6

Module 4

Unitl
Unit 2

Unit 3

Unit 4

Module 5

Unit 1
Unit 2
Unit 3
Unit 4

Introduction to Chemical Pathology and
Environmental Toxicology

Introduction to Chemical Pathology
Introduction to Environmental Toxicology
Practice of Chemical Pathology and Environtaé
Toxicology

Basic Concepts in Toxicant- Body Interactins

Basic Concepts in Toxicodynamics

Basic Concepts in Toxicokinetics

Meaning and Classification of Environmenitakicants
Toxicity of Environmental Toxicants

Basic Toxicology of Environmental Toxicarg

Toxicology of Pesticides

Other Organic Toxicants

Toxicology of Heavy Metals

Toxicology of Radioactive Materials

Toxicology of Food Additives and contamirant
Toxicology of Pharmaceuticals and Other Bruig the
Environment

Basic Toxicology of Environmental Pollutats

Basic Concepts in Environmental Pollution

Air Pollutants: Concepts, Exposure Pathw&ftects and
Pathophysiology

Water Pollutants: Concepts, Exposure Patlsw&yfects
and Pathophysiology

Land Pollutants: Concepts, Exposure PathwByects

and Pathophysiology

Basic Toxicity Indices and Applications

Dose-Response Concepts

Concept of Lethal Dose (Concentration)

Probit Analysis

Application of Toxicology in Safety and Enenmental
Health
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Module 1

This module is designed to introduce you to chemjzathology;
environmental toxicology and their uses. In Uniyay will learn about
the evolution, basic definition of concepts and csglesed roles of
pathology. In Unit 2, you will learn about the kadioxicological
concepts/terms; trace the historical developmenttoxicology and
identify specialties in this field. In Unit 3, yowill learn about the
applications of chemical pathology and environmietatgicology, their
equipment and techniques. You will also learn thections of chemical
pathologists and environmental toxicologists.

Module 2

This module is designed to teach you the conceptootentration —
response concept. In Unit 1, you will learn the amriration-response
concept, the relationship between concentration effiect, and the
general mechanisms of toxicants. In Unit 2, you Veiarn about how
the living system interact or affect the drug befds effect. You will

understand mechanisms of drug liberation, absorptaistribution,

metabolism (biochemical transformation) and exoretiany living

organism, including man. Unit 3 focuses on how dentify and

classify numerous environmental toxicants. Unitxplains the concept
of toxicity. Toxicity is commonly associated witlvipons or toxicants.
You will also discuss the various factors that effeoxicity and the

mechanisms of chemical interactions that influciozecity.

Module 3

This module is designed for you to learn aboutchrecepts and harmful
effects of toxicants in the environment. Unit 1 Ideaith the toxicology
of pesticides and the mechanism of their toxicitg @athophysiology.
In Unit 2, you will learn the toxicology of organtoxicants other than
pesticides or pharmaceuticals. In Unit 3, you wWelhrn about heavy
metals can produce toxicity when exposed to inigefit quantities.
The substances that produce harmful nuclear past{chdiations) in the
environment are the focus of Unit 4. Unit 5 disesssome substances
ingested with food and which may have adverse eff@t the
consumers. In Unit 6, we will discuss about theuwdigeand illicit drugs
released in the environment which may have hareifielcts on man or
his environment.



Module 4

This module is designed for you to learn about mmthgenic and
natural waste products in the environment which mage unwanted
effects to man and his environment. In Unit 1, yall study the basic

concepts and principles that will enable you toarsthnd the study of
numerous pollutants found in our environment. Uhitiscusses the
concept of air pollution, pathways and effects offygants found in the
atmosphere. In Unit 3, you will understand the @picof water

pollution and how the pollutants in water are dange to man and his
environment. Unit 4 explains the concepts, pathwasffects and

pathophysiology of harmful substances dischargedusiands/soil.

Module 5

This module will finally equip you for the practicapplication of your
knowledge so far. In Unit 1, you will learn abobetdoseas the most
important factor that affects the effect of toxitam Unit 2, you will
study the concept of lethal dose or concentratowell as toxic dose or
concentration which is very important to you as amforcer of
environmental regulations. Unit 3 enumerates how statistically
convert the crude dose-response curves obtaineerimgntally into a
straight line slope to enable you draw reasonakteagolations and
conclusions. In Unit 4, you will be exposed how yoan apply the
entire knowledge of environmental toxicology to wmes chemical
safety; identify and proffer suggestions to the llelnges of the
discipline in your locality.

TEXT BOOKS/REFERENCES

The following are list of textbooks, journals anéhgite addresses that
can be consulted for further reading:

"http://en.wikipedia.org/w/index.php?title=Heavy_tale (chemistry)&o
Idid=501640966

Babu, B.V., & S. Karthik (2005). An overview of wasfrom the
nuclear fuel cyclé&Energy Education Science and Technology
14, 93-102.

Beychok, Milton R. (1967)Aqueous Wastes from Petroleum
and Petrochemical Plants. (1st ed.). John Wiley & Sons.

Casarett, L. J. & Doull, J. (Eds). (1979)xicology: The basic science
of poisonsNew York: Macmillan Publishing Co. Inc.
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Finney, D. J. (1971)Probit Analysis. (3rd ed.) Cambridge, UK:
Cambridge University Press,.

Foreman, H. (1958). Toxicology of Radioactive Matkr. Annual
Review of Medicine Vol 369-386.

Gilden, R. C, Huffling, K & Sattler, B (2010). "Rédgdes and health
risks". J Obstet Gynecol Neonatal Nurs 32): 103-10.

Goodman, L.S. & Gilman, A. (Eds). (1979he Pharmacological Basis
of Therapeutics(5" ed.). New York: Macmillan Publishing Co.
Inc.

Hodgson, E. (2010).A"' Textbook of Modern Toxicology". John
Wiley and Sons. p.10.

http/en. Wikipedia.com/pesticides. Retrieved on2208-02.

http://en.wikipedia.org/w/index.php?titlie=Pesticide&oldi
d=482925552

http://www.clemson.edu/entox/

Iwuji, S. C. (2010)Basics and Applications of General Pharmacology
(2010). Owerri, Nigeria:Milestone Publishers.

Katzung, B. G. (2007)Basic and Clinical Pharmacology1d" ed.).
U.S.A.Appleton and Lange: Prentice-hall Internagioinc.

Klaassen, C. D. (2001). Principles of Toxicologydahreatment of
Poisoning. In:Goodman and Gillman’s pharmacological Basis
of Therapeutic(10" ed.). New York: Mc Graw-Hill Co. Inc.

Landis, W. G. & Yu, M. H. (n. d.)Introduction to Environmental
Toxicology (3rd ed.).

Robbins, S. (2010Robbins and Cotran Pathologic Basis of Disease.
(8th ed. ). Philadelphia PA.

Spengler, J. D. & Sexton, K. A.(1983). "Indoor Apllution: A Public
Health PerspectiveScience (New Series) 221(460pp. 9-17.



ASSESSMENT
There are two components of assessment for thiseotlihey are:

1. Tutor-Marked Assignment (TMA)
2. End of Course Examination

TUTOR-MARKED ASSIGNMENTS (TMAs)

The TMA is the continuous assessment componentoaf gourse. It
accounts for 30% of the total score. The TMAs Wwdl given to you by
your facilitator and you will return it after youahe done the
assignment.

FINAL EXAMINATION AND GRADING

The end of course examination will be for abouééhhours and it has a
value of 70% of the total course work. The examamatvill consist of
guestions which will reflect the type of self-tesfi practice exercise
and tutor-marked assignment problems you have qusiy
encountered. All area of the course will be asskesse

COURSE MARKING SCHEME

ASSIGNMENT MARKS

Assignment 1-4 Four assignment bes three
marks of the four count 10% each
of the 30% marks

Enc of cours«examinatiol 70% of overal courst marks
Total 100% of course materials

FACILITATORS/TUTORS AND TUTORIALS

You will be informed of the dates, times and locatbdf the tutorials as
well as the name and phone number of your falitet your group.

Your facilitator will mark and comment on your agsinents. You are

expected to submit your TMAs before the schedulet dat least two
working days required)

12
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Contact your facilitator when you:

. do not understand any part of the study areas
. have difficulty with self tests
. have a question or problem with an assignment ¢ tine

grading of an assignment.

You should endeavour to attend the tutorials. Thike only chance to
have face to face contact with the facilitator. g@n more benefit from
course tutorials prepare a question list beforendihg them. You will
learn a lot from participating actively in discumss.

SUMMARY

This course intends to provide you with the knowked of
environmental toxicology and its application in theontrol or
minimisation of exposure to harmful substances @atemals within
human surroundings.

At the end of this course, you will be able to aeswhe following
guestions:

) Differentiate the following terms/concepts:
a. Health and disease
b. Prognosis and Diagnosis
C. Anatomical pathology and Chemical Pathology
d. Clinical signs and symptoms.
o Differentiate the following pairs:
a. Ecotoxicology and environmental toxicology
b. Clinical toxicology and forensic toxicology
C. Clinical pathologist and toxicologist
d. Regulatory toxicology and experimental toxicology
e. Toxicodynamics and toxicokinetics.
o a. Explain the termtoxicity".
b. Differentiate drug side effect from drug toxicity.
C. List five outcomes of exposure to environmental

toxicants.

What are pesticides?

Classify pesticides based on their target organisms
What are heavy metals?

Enumerate four health importance of heavy metal.
List five heavy metals in Nigeria.

What are chelators?

What is radiation?

How does radiation cause harm to man?

List four possible effects of radiations.

Se@ oo T
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Define environmental pollution

Define environmental pollutant

Give causes of pollution

Identify four pollutants in the environment

Give two units of measuring dose.

Define dose

Give three types of doses

Explain dose-response curve

What is probit analysis?

Explain the principle of probit analysis

Who can apply environmental toxicology?

Identify two applications of toxicology for envirorent
health.

V. Outline four challenges facing environmental tolocry
in Nigeria.

CCTYwSoTOS3 T AT

We wish you success in this course and hope thatwith apply the
knowledge gained to ensure chemical safety and @i@environmental
health. Best wishes!

12
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MODULE 1 INTRODUCTION TO CHEMICAL
PATHOLOGY AND ENVIRONMENTAL

TOXICOLOGY
Unit 1 Introduction to Chemical Pathology
Unit 2 Introduction to Environmental Toxicology
Unit 3 Practice of Chemical Pathology and Environtak
Toxicology

UNIT 1 INTRODUCTION TO CHEMICAL
PATHOLOGY

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Basic Concept and Definitions in Chemical Pathology
3.2 History of Chemical Pathology.
3.3 Specialisations of Chemical Pathology

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

So far, you have taken courses in Anatomy and Blogst; can you
recall the physical and chemical characteristicgshef normal human
body? You are advised to revise the homeostatichamesms of an
healthy individual. This knowledge is a prereqaisitfor the
understanding of various changes that occur irs@adie process.

Pathology provides a logical means of relatingkhewledge of normal
structure and functions to abnormal structure amttion as seen in a
diseased human body. To understand and diagnosasds in the
living patient or in the postpartum (dead) bodyeréiore, you need a
sound knowledge of pathology.

Clinical chemistry (also known as chemical pathglagnd clinical
biochemistry) is the area of pathology that is galte concerned with
analysis of bodily fluids. It also studies the dise process that results
from or to changes in the chemistry of the humaatybo

In this Unit, we will discuss the evolution, basiefinition of concepts
and specialised roles of pathology.



2.0 OBJECTIVES

At the end of this unit, you should be able to:

. define basic concepts or terms used in chemichbjgy

. mention the major historical landmarks of pathology

. state the various specialisations of chemical pagyan health
care.

3.0 MAIN CONTENT

3.1 Basic Concepts and Definitions in Chemical Patholgg

Chemical pathology addresses four components ofeades

cause/aetiology, mechanisms of development (pattesjs), structural
alterations of cells (morphologic changes), and ¢besequences of
changes (clinical manifestations) (Robbins, 2010).

At this point, it is pertinent to define the vargoooncepts or terms used
in chemical pathology so as to facilitate your ustending:

o Chemical is any substance obtained by a chemical process or
producing a chemical effect on a living system.

o Pathology is a scientific study of the molecular, cellulasstie,
or organ system response to injurious agents oreradv
influences.

. Enzyme is a substance produced by living cells which ards
speeding up the process of chemical reactionseifdialy.

. Diseaseis a state of critical departure from the normathwi

clinical manifestations of signs or symptoms. Itasstate in
which an individual exhibits an anatomical, physgtal, and
psychological or biochemical deviation from themat.

. Aetiology is a study of the cause of a disease. An etiolagent
is the factor (bacterium, virus, etc.) responsilolelesions or a
disease state.

) Predisposing causes of diseasagee those factors which make an
individual more susceptible to a disease (damp esatpoor
ventilation, etc.).

) Exciting causes of diseasare those factors which are directly
responsible for a diseagbacteria, viruses, hypoxia, chemical
agents, eto.

) Clinical sign is any functional evidence of disease which can be
determined objectively or by the observer (swellisglivation,
stunted growth, obese, paleness). It is observapldoth the
patient and others.

16
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. Clinical symptom is any functional evidence of disease that can
be determined subjectively or by the patient onlgeling,
stomach ache, head ache, confusion, dizziness, etc.

o Prognosis is a probably outcome of a disease in a living
individual. It is the clinician's estimate of theverity and
possible result of a disease.

o Diagnosisis the exact determination of the nature or kindaof
disease expressed. Definitive diagnosis is madéerbasis of
the specific disease entity involved while a clatidiagnosis is
made on the basis of clinical signs observed irpttent.

. Pathogenesigefers to the progressive development (sequence of
events) of a disease from the time it is initiatedts final stage
in recovery or death.

o Serum is the part of the blood that is left after blooaishbeen
allowed to clot and the blood cells have been rezdoit is often
watery and yellow in colour.

. Plasmais also the supernatant (that part of the blooddbbve
the sediment) after centrifuging uncoagulated witded.

3.2 History of Chemical Pathology

The history of chemical pathology can be tracedkliaantiquity when
people began examining bodies. The oldest civiligedple (Chinese,
Indians, and Egyptians) were under the impress$iahdisease occurred
when demons or evil spirits were displeased withiratividual. The
medicine men were concerned with appeasing thekspants.

The Egyptians began to influence medicine aroun@04B.C. The

Greek culture had a profound effect on the scientdpproach to

medicine. Greek physicians elucidated the prinsiptd exact and
careful clinical observations. The word pathologyrom ancient Greek,
pathos “feeling, suffering”; andlogia, "the study of". However, they
did not deal with the nature or the changes thatiwed subsequent to
disease.

Pathology began to develop as a subject durind @tie century through
teachers and physicians that studied pathologyy Tékerred to it as
—pathological anatomyor —morbid anatomy.However, pathology as a
field of medicine was not recognised until the 1ag#h and early 20th
centuries. In the 19th century, physicians realifed disease-causing
pathogens, germs, created themselves and that @ymmpiere not the
vital characteristics of a disease. Pathology Hhas roots deeply
implanted in medical history.

17



In order to determine the causes of diseases, alegiperts used the
most common and widely accepted assumptions or ®yngof their

times. This is true for those in the past and to@layg, 1991 and

Machevsky, 2004).

By the late 1920s to early 1930s, pathology wasngekeas a medical
specialty (Rothstein, 1979). During the followingays, the decision to
split pathology in to sub-specialties arose. Todawtomical, clinical,

molecular, plant, forensic, oral, veterinary, detopathology,

hematopathology, and pathology exist as medicatiajies (Long,

1965).

The chemical pathology discipline originated in thée 19th century
with the use of simple chemical tests for varioasmponents of blood
and urine. Subsequent to this, other techniqueg applied including
the use and measurement of enzyme activities, rgpicitometry,
electrophoresis and immunoassay.

SELF-ASSESSMENT EXERCISE

I. In six sentences, summarise the evolution of chamic
pathology.
. List three techniques used in chemical pathology.

3.3 Specialisations of Chemical Pathology in Health
Care

Chemical pathology is the study of chemical changethe fluids and
tissues of the body as the result of disease. Giaisch of pathology is
merely a portion of clinical pathology. Chemicatipalogy is one of the
two major divisions of pathology, the other beimga@mical pathology.
Often, pathologists practice both anatomical andiczal pathology, a
combination sometimes known as general pathology.

Specialties of chemical pathology include:

1. General or routine chemistry.
2. Special chemistry - elaborate techniques sucheatrephoresis.
3. Clinical endocrinology - the study of hormones, dratnosis of

endocrine disorders.
4, Therapeutic Drug Monitoring - measurement of thetdio
medications blood levels to optimise dosage.

5. Urinalysis - chemical analysis of urine for a wideray of
diseases, along with other fluids such as CSF #uodiens

6. Faecal analysis - mostly for detection of gastestihal
disorders.

18
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4.0 CONCLUSION

In this unit, you have been introduced to the sasié chemical
pathology, including definition of concepts/termshistorical
development and specialisations of chemical pagyolo

This unit should enable you to understand what etenpathology is,
in relation to other specialisations of pathololgyalso made it easier for
you to comprehend other literatures in chemicah@agy. You now
know when to refer disease cases to chemical paglsds.

In the next unit, you will be introduced to an adpef pathology and
pharmacology known as Environmental toxicology whis very
important for you to ensure chemical safety.

5.0 SUMMARY

This unit contains an introduction to chemical p#ilyy. It consists of
three major subtopics:

) Definitions of basic concepts/terms, such as pathglchemical
pathology, anatomical pathology, disease, aetiglogy
pathogenesis, prognosis, enzyme, etc.

o Historical landmarks in the genesis of the coneaut practice of
chemical pathology. Chinese, Indians, Egyptians/ piatable
roles in the development of modern pathology

) Specialties in the field of chemical pathology. $&éclude:

I. General or routine chemistry

il. Special chemistry - elaborate techniques such as

electrophoresis.
iii. Clinical endocrinology - the study of hormones, and
diagnosis of endocrine disorders.

V. Therapeutic Drug Monitoring - measurement of
therapeutic medications blood levels to optimissage.

V. Urinalysis - chemical analysis of urine for a wigleay of
diseases, along with other fluids such as CSF and
effusions

Vi. Faecal analysis - mostly for detection of gastestihal
disorders.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define the following terms:
a. chemical
b. pathology
C. chemical pathology
d. pathogenesis.

19



2. Differentiate the following terms/ concepts:

e. health and disease

f. prognosis and diagnosis

g. anatomical pathology and chemical pathology

h. clinical signs and symptoms.

a List two common samples and two common techsique
used in chemical pathology.

b. Enumerate four specialties in chemical pathalogy

7.0 REFERENCES/FURTHER READING
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UNIT 2 INTRODUCTION TO ENVIRONMENTAL
TOXICOLOGY

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Concept, Definitions and Abbreviations in Enviromtsd
Toxicology
3.1.1 Concept of Environmental Toxicology
3.1.2 Definitions in Environmental Toxicology
3.1.3 Abbreviations in Environmental Toxicology
3.2 Historical Development of Environmental
Toxicology
3.3 Divisions of Environmental Toxicology
3.3.1 Divisions Based on the Objective of Toxicology
3.3.2 Divisions Based on the Scope of Practice
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

In Unit 1, you were introduced to chemical pathg@l@s an aspect of
pathology that studies the chemical changes in seadied body.
Chemicals are known to bring about changes iniiegl system.

Poisoning emergencies or deaths occur when peagest certain
mushrooms or are exposed to certain gases or sniokéheir
surroundings. Secondly, have you thought of whasesa your reaction
when you spray an aerosol insecticide in your roorh@se are the
adverse effects of chemicals.

Environmental toxicology is a multidisciplinary lite of science
concerned with the study of the harmful effectvafious chemicals in
the surrounding on living organisms. In this umig will define the
basic toxicological concepts / terms; trace théohisal development of
toxicology and identify specialties in this field.

21



2.0 OBJECTIVES

At the end of this unit, you should be able to:

. define basic toxicological terms or concepts
. trace the historical development of environmertaicology
. identify the divisions of toxicology.

3.0 MAIN CONTENT
3.1 Concept, Definitions and Abbreviations in Toxicolog

3.1.1 Concept of Environmental Toxicology

As defined in Unit 1, a chemical is a substancaiaoktd by a chemical
process or substance that produces a chemicat efiex living system.
The field of science that studies the nature arudobical effects of
chemicals (also referred to as drugs) is knownresRacology. These
effects could be desirable/useful or undesirabtetha.

While medical pharmacology tends to concentrateseful (medicinal)
chemicals, toxicology (another major branch of pheology) aims at
guantifying the health-threatening effects of cheats on biological
systems in order to detect, treat and possibly ggreany damage. It
involves the study of the mechanisms of poisoningmxication.

These harmful chemical agents are found at evergpfar diverse
purposes. Can you identify them in hospitals, plasaies, laboratories,
schools, markets, industries, farms, air, watendlaat homes, etc.?
Consequently, there are sub divisions of Pharmggotbat study the
various chemicals based on the place the chemacal$ound or on the
importance (or purpose) of the chemicals. Theseciales in

toxicology include clinical toxicology, forensic xiwology, industrial

toxicology, ecotoxicology, environmental toxicolggioxinology and

phytotoxicology.

Environmental toxicology is that aspect of pharntagy that studies

toxicants (poisons) found within man's surroundingscluding
pollutants and their interactions with man.
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3.1.2 Definitions in Environmental Toxicology

The following concepts or terms used in toxicologne defined to
enable you comprehend literatures in toxicologgsthinclude:

Acceptable Daily Intake (ADI): This is the daily intake of a quantity of
chemical which during an entire lifetime appears ke without
appreciable risk on the basis of all known factthattime.

Acute exposure: this is a single exposure or multiple exposures
occurring over one or two days.

Acute or immediate toxicity: this is the rapid appearance of toxic
effects just after acute exposure.

Additive effect: This occurs when the biological effect of a mixtoie
poisons is the summation of the effects of theviddial chemicals.

Adjuvant: This is a substance added to another substancahlise
the active chemical or aid absorption.

Aerosol: This is composed of solid or liquid particles ofcnaiscopic
size dispersed in a gaseous medium.

Agonist: is a drug that binds to a receptor and cause aiglbgg
response.

Antagonist: is a drug that binds to a receptor and blocks porese, or
prevents other drugs from binding to the receptor.

Bioavailability: is the rate and extent of absorption of a drugi¢to)
from a concentration as estimated in its systemnatiation.

Biotransformation: is the chemical changes a substance undergo in the
body, as may occur by the action of an enzyme subatance.

Carcinogen: any agent that can initiate or promote the deveygnof
malignant or potentially malignant tumours, malighaneoplastic
proliferation of cells or that possesses such nateis called
carcinogen.

Carcinogenicity: is the ability to cause or stimulate cancer.

Chemical asphyxiant:is a substance that has the ability the deprive
tissue of oxygen or render the body incapable sy an adequate

oxygen supply.
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Chemical safety:is a practical certainty that injury will not resfilom
use of a chemical under a specified condition @iy and manner of
use.

Chronic exposure: is multiple exposures continuing over a longer
period of time (more than three months).

Chronic toxicity: is the manifestation of the toxic effects after a
prolonged or chronic exposure to a toxicant.

Clearance:is the measure of the ability of the body to eliatena drug.

Clinical toxicologist: carry out toxicity testing (as part of clinicalais)
in clinics or hospital.

Drug is any substance that brings about a change imdg®Ffunction;
mainly through its chemical actions (fewer drugsehphysical effects).

Environment includes all the surroundings of an individual orngan
(as man), particularly the air, land, water and @#ints and human
beings or animals living therein and the interielahips, which exist
among these or any of them.

Environmental health: is the control of all the environmental
influences on human health. It is a branch of RuBHlealth concerned
with controlling health risks (toxicants) assocthteith the physical
environment.

Environmental toxicologist carries out toxicity testing in
environmental conditions.

Hazardous chemical (Substance)any element, chemical compound,
or mixture of elements or compounds, which is aspdal hazard or a
health hazard

In vitro testing: a scientific laboratory study that involves the ofea
part or sample of the animal or human body separften the entire
system.

In vivo testing: a scientific investigation involving the use of vido
animal or human body.

Local toxicity: is the toxic effect of the drug at site of firstntact
between the biologic system and the toxicant.
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Low-level, long-term exposure:is a continuous exposure to small
concentrations of chemicals over a long periodnoét

Maximum Atmospheric Concentration or Maximum Allowance
Concentration (MAC): is the concentration of a toxicant in air (or
water) below which deleterious effects are insigatifit for eight hours a
day, five days a week over a working lifetime.

Maximum Permissible Level (MPL): is the limit of radiation or
iIsotope exposure below which one is unlikely to seeous deleterious
effect over a lifetime exposure.

Median Lethal Dose (LD50):is the dose of a toxicant at which 50% of
the population of same specie dies within a spetifime and under the
specified conditions of the experiment.

Median Toxic Dose (TD50):is the dose of a toxicant which causes
50% toxic response point in a specified populaéind conditions.

Pharmacoenvironmentology:is the study of the interaction between
drugs and the environment in terms of benefit asil or it is the study
of the effects of drugs on the environment in orttersafeguard our
environment. The study allows a comprehensive askessment of
pharmaceuticals on our environment.

Poisons or toxicants:are drugs that produce harmful effects when
given at a certain dose or circumstance.

Pollutant: this is a substance that occurs in the environnarigast in
part as a result of human activity, and which haelaterious effect on
living organisms.

Risk is the expected frequency of the occurrence of radesirable
effect arising from exposure to a chemical or ptgisagent.

Route of exposurds the route of entry for chemicals into the body.

Safety officer: this is a personnel that instigates or enforcesde ®f
practice in the conduct of safety for the work plac

Sub acute toxicity: this is lesser intense than acute effect and is
produced after repeated exposure over a shortgefieime (within 1
month).

Sub chronic toxicity: this is produced after repeated exposure over a
period of 1 -3 months.
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Systemic toxicity: is the toxic effect that required the absorption an
distribution of the toxicant to a part distant frasite of entry where
effects are produced.

Teratogenicity: is the ability to cause toxic effects to the unborn
offspring.

Threshold Limit Value (TLV): is the maximum concentration of
chemical the body can tolerate without havingatsd effect.

Threshold Limit Value —Short Term Exposure Limit (TLV-STEL):
is the maximum concentration that should not beeested at any time
during a 15-minute exposure period.

Threshold Limit Value-Ceiling (TLV-C): is the concentration of
chemical that should not be exceeded even instanteshy.

Threshold Limits Value-Time -Weighed Average (TLV-TWA): is
the concentration for a normal 8-hour workday othér workweek to
which workers may be repeatedly exposed withoueesdeffect.

Toxicity: this is the capacity of a chemical agent to canjsey.

Toxicodynamics: these involve the study of the injurious effects of
toxins or toxicants; toxic (overdoses) doses ofapeutic agents and
their metabolites on the vital functions of celldosphere.

Toxicogenomics:this is a new field of chemical safety assessmént o
biological effects using technologies such as DNi&ragarrays or high
powered NMR and protein expression analysis. Itmieant to aid
scientists in understanding the molecular and Ieellieffects of
chemicals in biological systems

Toxicokinetics: is a division of toxicology that studies the absiom,
distribution, excretion and biotransformation ofigmms, toxic doses of
therapeutic agents or the metabolites.

Toxicology, an aspect of pharmacology, is the scientific \wtud
substances with harmful effects on the living systefrom individual
cells to complex ecosystems.

Toxicovigilance: this is an aspect of pharmacovigilance which erssure
that relevant information on all hazardous substarare provided to
prevent the unwanted effects in the use of thebstances and thereby
contribute to public health and safety.
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Toxins: these are poisons of biologic origin, that is, frplants or
animals.

Untoward effect: this is a side effect that is harmful to the pdtien

Xenobiotics: these are substances absorbed across the lungsprski
ingested intentionally or accidentally.

3.1.3 Some Abbreviations used in Toxicology

Ad lib taking a drug freely as desired or required.
Amp. (Ampoule) means a vial or sealed small bulbous

glass vessel that is used to hold drug or dilueninfection
b.d. orbid two times daily

cc cubic centimeter

dr7 administer the drug farday(s)

g, Kg gram, kilogram

I.D (intra dermal) means injection into the skialdw epidermis
.M. (intramuscular) means injection of the drutpithe muscle
V. (intravenous) means injection of the drug itfie veins.

Inj. Injection

m/12 administer the drug fan month (s)

N.P.O. not per oral

o.h. every hour

P.O. (per oral or mouth) means oral administratibarug

P.R. (per rectal) means administration of drugugtothe rectum.
g.o.d every other day

gds/qid four times daily

S.C. (Subcutaneous) means injection of drug irgo th

Stat first or immediate dose

tdstid three times daily

w/52 administer the drug fov week (s)

3.2 Historical Development of Environmental Toxicology

The toxic effects of substances from certain arsnaaid plants were
known to the earliest men who used such knowledye hiinting,

warfare or to eliminate undesirable members of dheient society.
Medical records in Egypt dated 1500 B.C. contaisedh information
extending many centuries back. Some identifiedqg@svere hemlock,
aconite, opium, lead, copper and antimony. Hippesrg400 B.C)
recognized more poisons and wrote primitive prilespof toxicology in
the form of attempts to control absorption of tle&i¢ substances in
therapy and in overdose. The first professionahtinent of poisons
started with Theophrastus (350 B.C.), a stude/trstotle (400 B.C.).
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Toxicology is from the Greek wordstexicos—poisonousl andlogos
—studyl. Pedanius Dioscorides (A.D. 50), a Greek physiaiahe court
of the Roman emperor Nero, made the first atteroptlassify plants
according to their toxic and therapeutic effect dgson, 2006). lbn
Wahshiya wrote the Book on Poisons in the 9th ah t@ntury (Levey,
1966).

Mathieu Orfila is considered to be the modern fatbk toxicology,
having given the subject its first formal treatm@ntl813 in hisTraité
des poisonsalso called Toxicologie générale.

Theophrastus Phillipus Auroleus Bombastus von Hbben (1493—
1541) (also referred to as Paracelsus) is alsoidenmesl "the father" of
toxicology. He is credited with the classic toxmgy maxim, which
translates as, "All things are poison and nothsgithout poison; only
the dose makes a thing not a poison." This is ofarmdensed to: "The
dose makes the poison".

Rachel Carson is considered the mother of enviromamhéoxicology, as
she made it a distinct field within toxicology in9@2 with the
publication of her bookSilent Spring which covered the effects of
uncontrolled pesticide use.

SELF-ASSESSMENT EXERCISE

I. What was the contribution of Rachel Carson to mauffki

. Enumerate the uses of poison in the history of man.

iii. Explain the historic relationship that exists besawelosage and
poison.

3.3 Divisions of Environmental Toxicology

3.3.1 Divisions Based on the Objective of Study

There are five recognised divisions of study:

a. Descriptive Toxicology

This is the area of study where toxicity tests peeformedto obtain

information that can be used to evaluate the risk which exgotuila
chemical poses to human beings and to the biolbgngironment.
Apart from clinical toxicology that describes humam veterinary

poisoning, environmental toxicology goes beyond. éxample is the
toxic effect of a herbicide on the earthworms.
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b. Mechanistic Toxicology

This is the area of toxicology that determirfesny chemical agents
exert harmful effects on living organisms. Toxicologists try to unveil
the mechanism of action (toxicodynamics) of drugs the living
systems. For instance, experimental study to coentiee actions of an
unknown drug with the actions of a pharmacologyckiiown drug, e.g.
acetylcholine. Inferences drawn from such experinem determine
how the unknown drug causes toxic effects and factbat may
influence its toxicity.

C. Regulatory Toxicology

This is an area of toxicology thatdges whether or not a chemical

agent has low enough riskto justify making it available for its
intended purpose. This is applied by drug regwatagencies like
NAFDAC and EPAs. Industrial toxicologists carry outgulatory

studies in the corporation to ensure that produstsiding wastes meet
standards set by relevant local or internationatrab agencies.

d. Experimental Toxicology

This is a study carried out under controlled, naneitl conditions meant
to reveal, understand and extrapolatethe toxicodynamics and
toxicokinetics in normal natural circumstances ripnments.

e. Theoretical Toxicology

This is a scientific study meant tpropose arguable statements
(theories) on the toxicityof chemicals and chemical safety. Presently,
computer can be used to analyse data fed to itedigqi toxicological
implications. It usually proceeds experimental grov

3.3.2 Divisions Based on the Scope of Study
We have the following:

Environmental toxicology: This is the study of poisons in man‘s
surroundings, including pollutants and their intdian with living
organisms.

Sub-divisions of environmental toxicology includetmaspheric
toxicology, hydro toxicology or marine toxicologyecotoxicology,
industrial toxicology, toxinology, phytotoxicologyand forensic
toxicology,

29



a. Ecotoxicology: This is the study of substances on earth and their
adverse impact on the biosphere. Ecotoxicology ascerned
with studying the harmful effects of toxicants ke tpopulation
and ecosystem levels.

Ecotoxicology differs from environmental toxicolo@pcause its
studies involve effects of toxicants on all levels biological
organisation from the molecular to whole commusitiand
ecosystems, whereas environmental toxicology facuspon
effects at the level of the individual and within.

b. Marine toxicology: is the study of pollutants and other chemical
products in large waters and their effects on ithied organisms
therein.

C. Forensic toxicology: This is the study of poisoning cases with

legal involvement.

d. Industrial toxicology: This is a toxicological application in the
industry to ensure chemical safety.

e. Toxinology: This is the study of organic poisons produced by
animals and plants.

f. Phytotoxicology: This is the study of the adverse effects of
phytochemicals (plant extracts).

4.0 CONCLUSION

So far, we have explained the concept of environal@axicology with
definitions and abbreviations. Environmental tolgy is evolved
from toxicology and shared most terms and abbnewiat used in
toxicology. The specialisations of environmentadi¢cology were based
on the objectives and scope of study. We distigrdsterms like
clinical toxicology and ecotoxicology from enviroemtal. The
numerous definitions in this unit will make it easifor the
understanding of literatures in environment toxagyl applied in
chemical safety for professionals in environmehtlth.

5.0 SUMMARY

This unit introduced you to environmental toxicojogf explained the
concepts and also defined numerous terms used en fidld of
toxicology. Such terms include toxicology, ecot@tagy,
environmental toxicology, pollutant, poison, caogen, forensic
toxicology.
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The historical development of environmental toxigy was traced
from the ancient times when some poisons were Usefully for

hunting. This unit also identified the various diglof specialisation in
environmental toxicology, such as ecotoxicology,rin& toxicology
and atmospheric toxicology.

In the next unit, you will learn how chemical pdthgy and
environmental toxicology are applied in healthcdteis hopeful that
you will comprehend it well.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define the following terms:
a. toxicology
b environmental toxicology
C. carcinogenicity
d. In vivostudy
e bioavailability.

ifferentiate the following pairs:
ecotoxicology and environmental toxicology
clinical toxicology and forensic toxicology
clinical pathologist and toxicologist
regulatory toxicology and experimental toxicology.

—Ta g
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1.0 INTRODUCTION

In Units 1 and 2, you were introduced to chemicathplogy and
environmental toxicology. There, you learnt the ibasoncept and
definitions of terms in these disciplines.

In this unit, we will explain the applications dfemical pathology and
environmental toxicology, their equipment and teghas. You will

learn the functions of chemical pathologists andvirenmental
toxicologists. Their practices are very importanhealthcare.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o define the functions of a chemical pathologist
o define the functions of a environmental toxicolbgis
. describe some basic techniques applied in thesfield

33



3.0 MAIN CONTENT
3.1 Functions of a Chemical Pathologist

Clinical pathology is a medical specialty that sncerned with the
diagnosis of disease based on the laboratory asabysbodily fluids
such as blood and urine, and tissues using thes toblchemistry,
microbiology, haematology and molecular pathologgZlinical
pathologists work in close collaboration with medi¢echnologists,
hospital administrations, and referring physiciemensure the accuracy
and optimal utilisation of laboratory testing.

A chemical pathologist is primarily concerned withe analysis of
bodily fluids such as blood and urine. Chemicalhphigists screen
these fluids using a myriad of techniques includimg measurement of
enzyme levels, immunoassay, electrophoresis, ardtrgphotometry.
However, today's laboratories are largely automatedl as such utilise
assays that are closely monitored in order to assulity control.
These laboratories are large enough to accept ag as® 700 samples
and it is the duty of the chemical pathologist donanister to these tests
and render a diagnosis based upon the results.

All biochemical tests fall under the discipline dhe chemical
pathologist. These may be performed on all typebadfily fluids, but
are usually done on blood, plasma or serum.

Chemical pathologists very often, administer to ksalth of patients
with diabetes, high blood pressure, osteoporosig) bholesterol and
rare inherited metabolic diseases. Many chemictigbagists are also
involved in research and in teaching medicine tbepthealthcare
specialists.

Chemical pathologists also are instrumental inrpriting test results to
patients and other physicians as well as managiogratory staff. As a
result of the high degree of automation in toddgtsoratories, many
chemical pathologists have moved into informati@chhology and
informatics studies.

3.1.1 Sub-Specialities of Chemical Pathology and Tests

Carried Out

) General or routine chemistry - commonly ordered odlo
chemistries (e.g., liver and kidney function tests)

) Special chemistry - elaborate techniques suchezsrephoresis

manual testing methods.
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. Clinical endocrinology - the study of hormones, drafnosis of
endocrine disorders.
. Toxicology - the study of effects of drugs, espkgian the body

fluids.

. Therapeutic Drug Monitoring - measurement of thetdio
medications blood levels to optimise dosage.

. Urinalysis - chemical analysis of urine for a wideray of
diseases, along with other fluids such as CSF #uodiens

o Faecal analysis - mostly for detection of gasteshbal
disorders.

3.1.2 Common Clinical Chemistry Tests include:

Common clinical chemistry tests include:

1. Electrolytes (Sodium, Potassium. Chloride. Bicadieh

2. Renal (Kidney) Function Tests (Creatinine, Bloo€aunitrogen)

3. Liver Function Tests (Total protein (serum) , Albom
Globulins, AIG ratio (albumin-globulin), Protein

electrophoresis,Urine protein, Bilirubin, Aspartdtansaminase
(AST), Alanine transaminase (ALT), Gamma-glutamyl
transpeptidase (GGT), Alkaline phosphatase (ALP)

4, Cardiac Markers (Troponin, Myoglobin, CK-MB, B-type
natriuretic peptide (BNP))

5. Minerals (Calcium, Magnesium, Phosphate, Potassium)

6. Blood Disorders (lron, Transferrin, TIBC, VitaminlB, Folic
acid)

7. Miscellaneous  (Glucose, C-reactive protein, Glydate

haemoglobin (HbAlc), Uric acid, Arterial bloodjases

( [H+]- Pco,, Po, ), Adrenocorticotropic hormone (ACTH),
Toxicological screening and forensic toxicology ugs and
toxins), Neuron-specific enolase (NSE), faecal ticolood test
(FOBT)).

3.2 Functions of Toxicologist

An environmental toxicologist is a scientist whoesisa variety of
disciplines, including molecular biology, biochetnys environmental
chemistry, geochemistry, social sciences, compst@ence, etc. to
determine the fate, effects, and risks of toxicamsthe environment,
wildlife, and human health.

In order to research and assess the effects ofichlEmtoxicologists

perform carefully designed studies and experiméltiese experiments
help to identify the specific amount of a chemitet may cause harm
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and potential risks of being near or using prodticég contain certain
chemicals.

Research projects of environmental toxicologisty mssess the effects
of toxic pollutants on the environment. While thasic duties of
toxicologists are to determine the effects of cloatsi on organisms and
their surroundings, specific job duties may vargdzhon industry and
employment. For example, forensic toxicologists nagk for toxic
substances in a crime scene, whereas aquatic kogists may analyse
the toxicity level of wastewater.

3.2.1 Specimens for Toxicological Examination

The tissue samples collected for toxicological exation are dictated
by the toxic agent suspected. If poisoning of uadeined origin is
suspected, adequate amounts of stomach contemis, btood, liver
and kidney should be collected during the necrogsch specimen is
placed in a separate clean container and frozehamdlysed (you do
not use a preservative such as formalin, etc.).

3.2.2 Chemical Injuries

The list of chemical that may produce -cell/tissugurny defies
compilation. Simple chemicals such as glucose ¢ isahypertonic
concentrations may cause cell injury by derangihg fluid and
electrolyte homeostasis of cells; even oxygen ghlaoncentrations is
severely toxic. On the other hand, the levels odicity of certain
substances are so high that they are known asrso#sul trace amounts
(arsenic, cyanide, mercury salts) may destroy &cgerit number of
cells within minutes or hours to cause death. Urdetain conditions,
toxic materials may be formed within the body anbdsequently cause
cell damage. Severe burns, uraemia, and gangregebeassociated
with endogenous poisons.
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3.3 Some Equipment and Techniques in the Fields

3.3.1 Spectrophotometry

Fig. 1.1: Spectrophotometer

Spectrophotometryis the quantitative measurement of the reflection o
transmission properties of a material as a functdnwavelength.
Spectrophotometry involves the use of a spectrapheter. A
spectrophotometer is a photometer that can measteesity as a
function of the light source wavelength. Importafdgatures of
spectrophotometers are spectral bandwidth and rlineamge of
absorption or reflectance measurement.

A spectrophotometer is commonly used for the messeant of
transmittance or reflectance of solutions, transpaor opaque solids,
such as polished glass, or gases. The amounthaftigt passes through
the solution is indicative of the concentrationceftain chemicals that
do not allow light to pass through.

It is used in forensic examination, as well in lediories for the study of
chemical substances. Ultimately, a spectrophotamete able to
determine, depending on the control or calibratishat substances are
present in a target and exactly how much througlecutations of
observed wavelengths.
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Fig. 1.2: Single Beam Spectrophotometer

In short, the sequence of events in a modern spy@witometer is as
follows:

1. The light source is imaged upon the sample

2. A fraction of the light is transmitted or reflecttdm the sample

3. The light from the sample is imaged upon the ertasiit of the
monochromator

4. The monochromator separates the wavelengths of &g
focuses each of them onto the photodetector seglignt

3.3.2 Electrophoresis

Electric Field

-

Fig. 1.3: lllustration of Electrophoresis

Electrophoresisis the motion of dispersed particles relative tbuad
under the influence of a spatially uniform electrdeld. This
electrokinetic phenomenon was observed for the finse in 1807 by
Reuss (Moscow State University),who noticed thatdpplication of a
constant electric field caused clay particles dispg in water to
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migrate. It is ultimately caused by the presenca @harged interface
between the particle surface and the surroundind.fl

Electrophoresis of positively charged particlesti¢res) is called
cataphoresis while electrophoresis of negatively charged ptes
(anions) is calleé@naphoresis

3.3.3 Immunoassay

An immunoassayis a specific type of biochemical test that measure
the presence or concentration of a substance fgefeto as the
"analyte") in solutions that frequently contain amplex mixture of
substances.

Analytes in biological liquids such as serum omariare frequently
assayed (i.e., measured) using immunoassay methogssence, the
method depends upon the fact that the analyte @stopn is known to
undergo a unique immune reaction with a secondtanbs, which is
used to determine the presence and amount of digtan

This type of reaction involves the binding of ogpd of molecule, the
antigen, with a second type, the antibody. Immusas can be carried
out using either the antigen or the antibody ireoitd test for the other
member of the antigen/antibody pair. In other wotlde analyte may be
either the antigen or the antibody.

In most test systems, the substrate is alloweeaotrwith the enzyme
for 20 minutes, before the reaction is terminafBois ensures a high
degree of accuracy and sensitivity.

Owing to their high sensitivity (ability to detecvery small
concentrations) and specificity (minimal to no &wosactivity),
immunoassays have been employed in the measure@nbliaod levels
of vitamins, hormones, and porphyrins.

Immunoassay is used in sports anti-doping labaesgtdo test athletes'
blood samples for prohibited recombinant human ¢noWwormone
(rhGH, rGH, hGH, GH).

SELF-ASSESSMENT EXERCISE

State the operational principles of:

I. Spectrophotometry

. Electrophoresis
iii. Immunoassays
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4.0 CONCLUSION

In this unit, we explained the functions of cherhipathologists and
environmental toxicologist, including the techniguthey commonly
used. You have learnt what these experts do andim@ywo them.

5.0 SUMMARY

This unit showed that chemical pathologists scteerbody fluids using
a myriad of techniques including the measuremene¢radyme levels,
immunoassay, electrophoresis, and spectrophotomtetrydiagnose
disease.

Environmental toxicologists carry out studies taedenine the fate,
effects, and risks of toxicants on the environmairilglife, and human
health. Common techniques like immunoassay, eleltnesis and
spectrophotometry were discussed.

In the next unit, you will learn the major aspedais toxicological
studies: toxicodynamics and toxicokinetics.

6.0 TUTOR-MARKED ASSIGNMENT

1. a State two functions of the chemical pathologists
b. List three body fluids used by the pathologist.
2. a. State two functions of the environmental toxagists.
b List three samples collected by an environmental

toxicologist.
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1.0 INTRODUCTION

In Unit 3 of Module 1, you learnt about the funcisoof chemical
pathology and environmental toxicology, includindnet various
techniques applied. In this unit, you will learretbasic concepts in
Toxicodynamics.

Having known what a toxicant is, think of what happ when you
spread aerosol insecticide in your room. You wiitice that the
concentration of aerosol determines the magnitddgoor reaction to
the insecticide. Toxicodynamics involves the studf the dose
(concentration)-effect relationship of toxicantsieit mechanisms of
action; factors that modify their effects and thekic effects (diseases).

You need to understand how a toxicant brings abowffect in a living
system. This unit will explain the concentratioesponse concept, the
relationship between concentration and effect, ahé general
mechanisms of toxicants.
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2.0 OBJECTIVES
At the end of this unit, you should be able to:

explain the concentration—-response concept

explain the concentration-effect relationships

identify some factors that can influence the efedttoxicants
explain the general mechanisms of action of toxean

state the phases of toxicological studies.

3.0 MAIN CONTENT

3.1 Basic Concentration-Response Concept

This is the basis for safety evaluation of substanas knowledge of
toxicodynamics will assist you to predict toxicémd how to intercept
it. The knowledge that a substance can be a p@sanparticular dose
and unharmful to the body at a lower dose makes ¢bncept very
important in toxicological studies to assess safiedygin.

An increase in the concentration of a solution prapnally increases
the effect on the living system. For instance, fimg, 10mg and 15mg
of table salt intd tea cups and pour the same quantity of water h#o t
cups and shake vigorously. Taste the content oBtbeps at different
times. This can give you an idea of what happensnwihe
concentration of a pollutant is in your environmertreases.

3.1.1 Factors that Influence the Concentration (Dose)-E#ct

From the above illustration, you can relate theceotration of toxicants

to their effects. However, these effects are noiallg the same. The

relationship between the concentration of a toxieaud its response can
be influenced by the following factors:

I. type of toxicants

. specie

ii. age

V. sex

V. individual genetic makeup
Vi. drug interaction

vii.  state of health and

viii.  environmental factors.
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Usually this relationship is expressed graphicadya dose-response
curve.

Response ( toxicity)

Dose (mg/Kg body weight)
Fig. 2.1: Typical Dose-Response Curve

The median toxic dosdhat causes a particular unwanted effect is
usually accepted as standard of measuring chensabdty. It is
expressed as T The median toxic dose is the dose that causes 50%
of the toxic effect or response in a populationwdwer, to determine

the median toxic effect in man, prior informatiobhoat the chemical
must have been gotten following toxicological saieg with smaller
animals and testing using other measures of tgxicit

{

=

Population with toxic effect (%)
[

Dose (mg/Kg body weight)

Fig. 2.2: Arrow Showing the Median Toxic Dose (Tky)

For a new substance, lethality studies {§[Pprovide the starting index
in toxicological/ safety studies. It gives a precguanta death response
to varying doses of the toxicant. Lethality studpevide information
for the planning of the subsequent toxicologicatsts.

In each concentration (dose)-relationship (curyel can determine the
potency, slope and maximal efficacy of the effddhe toxicant.
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a. Potency

This is the location of drug dose-effect curve glahe dose axis.
Potency is determined by the toxicokinetics of dineg and its inherent
ability to bind with the receptors. A toxicant witbwer potency will
require larger dose to bring about its effect.

b. Slope or Gradient

Linear slope is useful in correlation of results.id practically more

useful when the slope is linear. It can be usepradiction of response
to a certain dose of toxicant. It can also be useadentify the potency
of unknown substance. For instance, if the slopeanfunknown

substance mimics that that of pilocarpine, you wabinclude the

substance is acetylcholine-like or cholinomimeBesed on this further
studies can be carried out in that direction.

C. Maximal efficacy

This is the maximum effect produced by a drug. Pplegeau in the
dose-response curve represents it. The undesirdoxar effects of
drugs are higher if the maximum efficacy is achdewath over dosage.
Drugs can have the same potency but different melxiefficacy.

Morphine and aspirin as potent pain-relievers caenglify this.

Morphine has higher maximum efficacy because irsgea dose (even
at overdose) correspondingly increases its paiefreinlike aspirin.

3.2 General Mechanism of Action of Toxicants

This is an important aspect of toxicodynamics. diigdy is meant to
identify the primary action of the drug at the ngtoe sites or in the
internal environment of the body. It explains tlegails of the chemical
reaction between the drug and the cell or endogesohlistances and the
features of the full action-effects sequence.

The general mechanisms of action of toxicants aelu

a. The toxicant may bind on their specific receptanside or
outside the cells e.g. atropine.

b. The toxicant may alter the physical properties te#rgeted part
of the body, e.g. osmotic substances.
C. The toxicant may chemically combine with other sabses, e.g.

() Isopropyl alcohol denatures the proteins on théasarof
bacterial cells which in turn kills the bacteria tupturing
the cells.

(i)  Antacids neutralise hydrochloric acid in stomach.
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d. Drugs that act by altering a normal metabolic patyhve.g. some
anticancer and antiviral drugs are chemical analwfigeormal
metabolic substrates.

3.3 Toxicodynamic Studies

Toxicodynamic studies are required to ascertairetfects of toxicants
on organisms. They are usually involve two phases:

a. Pre-mortal phase study is a careful, disciplinedtaied
observation of the intact animal extending from timae of
administration of the toxicant to the death of &mémal.

b. Post-mortal phase study is the histology examinatd major
tissues and organs for abnormalities. The toxioitylethality
dose-responses are usually represented in dosaasEspurves.

4.0 CONCLUSION

At last, we were able to explain how drugs (toxtsaract on living
systems. You learnt that the outcomes or effectslrafys generally
depend on a number of factors. A very importanewheining factor
discussed was the dose (amount) or concentratitredoxicant.

In the next unit, you will study how the body irrriuacts on the drugs
within it.

5.0 SUMMARY

In this unit, we explained the basic dose (coneeiain)-response
concept which differentiated a poison from a thetdjg, as same drug
can be a poison at higher dose and a therapeutwet dose.

We also discussed the concentration (dose)-effdationships which
were shown graphically by the dose-response cuiMes.curve may
determine the potencies, slope and the efficadidsugs.

This unit also highlighted the general mechanismslrags/toxicants
which showed the various activities of the drugsdants on the living
systems to bring about the changes in their biolagictions.

Lastly, we discussed how to carry out toxicodynastiaies for various

purposes. Effects of drugs/toxicants could be seeliving or dead
bodies following exposure.
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6.0

7.0

TUTOR-MARKED ASSIGNMENT

Explain the following terms:
a. Toxicodynamics

b. Potency
C. Median toxic dose (TE)
d. Post mortal phase study

With an example, outline four general mechanismectibn of
toxicants.
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1.0 INTRODUCTION

In the previous unit, we discussed how drug affieetliving system, in
this unit, we are going to discuss how the liviggtem interact or affect
the drug before its effect.

Toxicokinetics deals with the mechanisms of libierat absorption,
distribution, metabolism (biochemical transformaji@nd excretion of
toxicants in any living organism, including man.

These mechanisms are similar to the digestive psaseyou learnt in
physiology. You can revise it now at this point.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o explain the basic concept in toxicokinetics

. identify the processes involved in the mechanismE o
toxicokinetics

o explain the processes that determine the fatepafison in the
body.
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3.0 MAIN CONTENT

3.1 Basic Concept in Toxicokinetics

Toxicokinetics studies the fate of a poison in leey which determines
its level of toxicity. The physical and chemicabperties of a toxicant
determine its kinetics in the body. For instanggidisoluble gaseous
toxicants are easily absorbed and transported atihescell membranes
than water-soluble solid toxicants. Consequentg, gaseous toxicants
cause acute systemic toxicity than the solid toxisa

The processes in toxicokinetics usually take placeompartments
called cells. These processes are facilitated yuhctional abilities of
the cells.

3.2 Processes involved in Toxicokinetics

These processes determine the fate of toxicariteeibbody. They are as
follow (LADME):

a. Liberation — this is how solid toxicants disintegrate or break
down into smaller patrticles.

b. Absorption- this is how toxicants are absorbed in the interna
environment of the body, through the skin, intestand oral

mucosa.

C. Distribution - this is how the toxicant is spread through theybo

d. Metabolism- this is the biotransformation of toxicant. It @
chemical process.

e. Excretion- this is how toxicants are eliminated, through biie,

urine, breathes, skin and nail.

3.2.1 Liberation of Toxicants

This is the process involved in the breakdown didsimxicants whose
active components are bound within complex matricestructures.
The process is similar to digestion of foods likeerand meat where it
takes mechanical and chemical efforts to liberdte absorbable
products like glucose and amino acids. In toxicekus, the liberated
products are toxicants.

3.2.2 Absorption of Drugs or Toxicants
This is the process by which the toxicant is ablegpass through the

body membranes and enter the bloodstream. The moaias by which
toxicants are absorbed from the environment are:
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1. Skin and mucous membranes
2. Lungs
3. Gastrointestinal tract (oral, enteral, rectal).

The mode of exposure influences the rate of absorgif the toxicant.
A toxicant given by intramuscular, subcutaneouduecal routes must
be able to absorb into blood circulation througihwhalls of capillaries.

Factors that may reduce absorption include:

I. Shock

il Acidosis

iii. hypothermia and
A oedema.

Factors that may increase absorption include:

I. hyperthermia
. fever
ii. increased tissue vascularity (capillarity).

Muscles are more vascular than subcutaneous tisiselsfore it may
have faster absorption. A toxicant given endotratthemust be

absorbed through the capillaries in the lungs. The convenient route
when intravenous access is delayed or unavailable.

In toxicological studies, specialised routes sushndéra peritoneal and
subcutaneous routes are commonly used. Toxicants atso be
administered through parenteral routes. Most parahtoutes do not
require absorption and they have bioavailabilitypoé (100%).

The skin is not highly permeable and, therefores & relatively good
lipoid barrier separating man from his environmerdowever,
chemicals like nerve gases, carbon tetrachloridievanious insecticides
can be absorbed through skin in sufficient quaaditio produce
systemic effects.

The most frequent cause of poisoning (carbon male)xand probably
the most important occupational disease (silicoasig) due to airborne
poisons absorbed through the lungs. Inhaled poisamsbe in form of
gases (e.g. sulphur dioxide), in volatile liquids.g( benzene) and
aerosols (e.g. silica). Aerosols consist of solitipulate matter (e.g.
smokes, dusts or pollens) and fine liquid dropletg. fogs or sprays).

Many environmental toxicants enter the food chaid are absorbed
from the gastrointestinal tract. Gastrointestinatt is the most frequent
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route of poisoning used by children and suicid¢iwis. Absorption can
take place along the length of the tract- fromrtiauth to the rectum.

3.2.3 Drug Transport and Distribution Processes

I. Transport of drugs across cell membrane

The toxicants apply various transport mechanismgrass the cell
membrane during absorption or excretion or to reéheharget site(s).

There are two major types of transport systems:

a. Passive transport
b. Active Transport.

Passive Transport

Passive transport of toxicants does not utiliserggne(adenosine
triphosphate (ATP) of the cell. There are two commpassive
transports in the body:

a. Simple diffusion
b. Filtration.

Simple Diffusion is the movement of toxicants from the area of highe
concentration to the area of lower concentratiothan body depending
on their lipid/water partition coefficient. For tasce, lipid soluble ethyl
alcohol readily passes the cell membranes by sidifflesion.

Filtration is the passage of relatively minute toxicants ibugk flow
across the porous cell membrane. Here, the cellbreame acts as filter
and the toxicant is the filtrate. This is the tygfetransport seen in the
kidney with porous capillary network (glomerulus).

Active Transport

This specialised transport system is responsibletfe movement of
most xenobiotics, including nutrients and toxicants

It has the following features:
() The xenobiotic is moved against a concentration or
electrochemical gradient.

(i)  The transport system can be saturated and exfabitansport
maximum.
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(i)  The system has a characteristic of selectivity specificity
(chemical affinity).

(iv)  Competitive inhibition can occur among substancassported
by the same mechanism.

(v)  Since the process involves expenditure of energtabolic
inhibitors can block the transport.

Active transport system is important in the exaetof xenobiotics or
their metabolites.

Other transport systems include:
a) Facilitated diffusion

This is an active carrier transport that has ail finoperties of active
transport except that the substrate does not mga@st a concentration
gradient. Typical example is the transport of ghec the body.

b) Cellular transport processes

These include phagocytosis and pinocytosis. Thasmsport system
involves the flowing movement of the cell membraaeund the
molecules to be engulfed or transported. It is irtgrd in the removal
of particulate matter or poisons in the alveolbtwod.

C) Distribution of drugs/poisons in the body

After absorption or intravenous injection, the t@aats enter the plasma
fluid for distribution throughout the body. Distution of toxicants
depends on their ability to cross the cell membsaarel on their affinity
to various body components. Drugs or toxicants loartaken to their
target sites in the body where they cause usefibxic effects or to
their storage sites from where they are graduallgased back into the
plasma.

The concentration of a toxicant that reaches itgetasite(s) and the
effects depends on the volume of distribution ef éixposed toxicant. If
the toxicant evenly enters into all the body wa@mpartments (plasma,
interstitial and intracellular space), and alsadhio various storage sites
(like fat, liver, kidney, bone or plasma protein)e concentration that
reaches the target sites will be highly loweredngaguently, the target
effect is slower and prolonged as the toxicantekased from the
storage depots.
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d) Volume of Distribution (V q)

This is the apparent volume into which a substasabstributed in the
body. It is equivalent to dose of drug given pexrspha concentration of
the drug after distribution in the body. Drugs wldrge volumes of
distribution such as antidepressants, phenothiazamel lidane are not
easily removed from the body by blood purifying qess like

haemodialysis. Whereas drugs with relatively smadllumes of

distribution such as theophylline, salicylate, igho phenobarbital,

lithium and phenytoin are easily removed.

e) Physiological barriers to distribution of drugs/toxicants

These include:

1. Blood-Brain Barrier

Blood-Brain Barrier (BBB) is not an absolute barrie the passage of
toxic materials into the central nervous systent, rather represents a
site that is less permeable than most other arédaseobody. Many
toxicants cannot pass from the plasma to the esdilalar space of the
brain in appreciable quantities to cause toxic regntervous effects.
Lipoid soluble poisons can easily cross througlotibrain barrier than
the water-soluble toxicants. Also, the blood-bragrrier is not well
developed in infants and chemicals like morphinelead produces
higher central nervous effects in the newborn thaadults.

2. Placental barrier

Apart from being the site of exchange of substahetaeen the foetus
and mother, the placenta acts as a protectiveebagainst passage of
some noxious chemicals from mother to foetus. Mmstants cross the
placenta by simple diffusion.

The protective function of the placenta is basedhennumber of layers
of cells; its biotransformation mechanism and tipeiwater partition
coefficient of the toxicants.

3. Testicular barrier

This special membrane shields certain drugs frontergry the
seminiferous tubules in the testes.

3.2.4 Metabolism of Drugs

The living systems are exposed to a lot of natuwal synthetic
xenobiotics which are toxic at different deseor following
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bioaccumulation of chemicals. Metabolism involvesogesses of
biotransforming the foreign substances to becomeeractive and toxic
or passive and detoxified. Metabolism of toxicaaiso enhances their
elimination by making them more water-soluble.slitherefore part of
the defense mechanisms of the body for toxic snbsta

There are four main enzymatic processes that brabgut the
transformation of xenobiotics:

Hydrolysis, i.e. addition of water molecule

Oxidation i.e. addition of oxygen

Reduction i.e. removal of oxygen

Conjugation i.e. a variety of chemical reactiorie lalkylation,
esterification and acylation which involves the donation of
the toxicant with a highly polar or ionic group mig rise to
soluble products that are quickly eliminated.

PoONPE

Numerous Biotransformation processes happen iftiiee Microsomal
enzymes found in the endoplasmic reticular of hepdes (hepato—
liver, cytescells) perform most of the metabolising. (Someyemzs are
also found in the lungs, kidney and Gl tract in Benajuantities).

First-Pass Effect

All drugs absorbed in the GI tract must pass thihotlge liver, as the

blood supply from the gastrointestinal (Gl) traaspes through the liver
via the portal vein. This can partially or complgtmactivate the drug,

a phenomenon known as thest-pass effect

The first-pass effect is the term used for the hepaetabolism of a
pharmacological agent when it is absorbed frongtiteand delivered to
the liver via the portal circulation. The greatbe ffirst-pass effect, the
less the agent will reach the systemic circulatwmen the agent is
administered orally.

This is why some drugs cannot be given orally batgaven parenteral.
Drugs that can be given both orally and intravehoudsiring studies
will require a higher dose when given orally.

3.2.5 Excretion of Toxicants
This is the process of eliminating foreign toxichstances from the
body. The following are the routes of excretiontoxicants: urinary

system, liver and biliary system, lung, gastroitited tract,
cerebrospinal fluid, breast milk, sweat, salivayse hair and nail.
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Drugs are eventually cleared, or eliminated fromltbdy, either in their
original form, or as metabolites. Drug clearancernsnarily achieved
through one or more of the following body systems:

a)

b)

c)

d)

Kidneys/Renal System:Urinary excretion is a major route for
elimination of drugs from the body. Changes, such tle
reduction of nephrons, the functioning unit of thkelney,
associated with aging, can significantly alter drclgarance
capacity in the geriatric client. The result of @&ckhe in
concentrating ability and decreased excretory fanatan result

in prolonged increased serum levels of certain slrlRyocesses,
not necessarily associated with aging, such asl rizilare,
markedly alter clearance, and create a whole newera
management dynamic.

Liver/Hepatic System One of the factors contributing to the
effectiveness of hepatic clearance is blood sum@pig blood
flow. Decreased liver mass and blood flow, as tgibycseen in
the geriatric population, will alter clearance tsneHepatic
disease processes will also negatively impact ates. Some
compounds are excreted in the bile.

Gastrointestinal Tract: Some metabolites are excreted in the
faeces.

Pulmonary System Some excretion occurs via gas exchange at
the alveolar level.

However, Kidney is the most important organ for teecretion of
toxicants. Toxicants or their metabolites are reetbwduring the
formation of urine. They are either secreted deffdd into the urinary
tubules as low threshold substances. When the afagbsorption of
toxicants is higher than the rate of excretion, thgic compounds
accumulates to a toxic level in the body.

3.2.6 Clearance of Drugs

This is a measure of the volume of plasma thatdared of drug per
unit time. Total clearance is the sum of clearamm@gsged out by all the
routes or organs of excretion in the body. If 95P& drug is cleared by
liver metabolism, it will be a wasteful effort tmdrease the urinary
output in order to clear this drug. Therefore, ddtoation strategy

depends on the major organ(s) of elimination oftthxécants involved.

56



EHS 411 ENVIRONMENTAL TOXICOLOGY

3.3 Kinetics of Plasma Toxicant Following Intravenous
Administration

1
Rean fuem
Fig. 2.3: Plasma Drug Concentration vs. Time after an

Intravenous (IV) Dose

Drugs injected intravenously are removed from tlesma through two
primary mechanisms:

(1) Distribution to body tissues
(2) metabolism + excretion of the drugs.

The resulting decrease of the drug's plasma coratemt follows a
biphasic pattern (Figure 2.3).

Alpha phase An initial phase of rapid decrease in plasma
concentration. The decrease is primarily attributedirug distribution
from the central compartment (circulation) into theeripheral
compartments (body tissues). This phase ends wéeuidp-equilibrium

of drug concentration is established between tmraleand peripheral
compartments.

Beta phase A phase of gradual decrease in plasma concemtrafier
the alpha phase. The decrease is primarily atethta drug metabolism
and excretion (Gill et al., 1999).

3.4 Toxicokinetics of Drug-Response Curve

The kinetics of increased dosage of toxicant mégmdirom the kinetics
of lower doses. For instance, if the capacity @f likier to metabolise a
toxicant is exceeded, the excess drug will be dedi@ to systemic
circulation. With a dramatic increase in the corticaion of the toxicant
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in the blood, tissue-binding capacity may be exededesulting in an
increased fraction of free drug and greater toxicit

At lower dosage, most drugs are eliminated at@ pabportional to the
plasma concentration (first-order kinetics), thegtthe rate of excretion
increases with increasing plasma concentratioru(gig.4).

Rate of elimination (/Hr)

Drug plasma conc. (mg/L)

Fig. 2.4: First-Order Kinetics for Lower Dosage

Similarly, at lower concentration exposure, the gdryplasma
concentration declines at its peak; the rate ofiaktion becomes faster
than the increase in plasma concentration.

Elimination phase

Drug plasma conc. (mg/L)

Clearance Time (Hr)

Fig. 2.5: First-Order Kinetics for Normal Dosage

The plasma concentration of the drug will reachrizeso following
clearance.

The rate of drug elimination increases initially thwithe plasma
concentration until the peak level when eliminati@ate is constant
(zero-order).
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Rate of elimination (/Hr)

Drug plasma conc. (mg/L)
Fig. 2.6: Zero —Order Kinetics for Toxic or Over Desage

The clearance time is much longer in drug overdose

Drug plasma conc. (mg/L)

Clearance Time (Hr)

Fig. 2.7: Zero —Order Kinetics for Toxic or Over Dcsage

The plasma concentration is peak and normal mesmhaot saturated,
the rate of elimination may become fixed (Zero-ordenetics). Zero-
order kinetics may markedly prolong the apparenareehalf-life and
increase the toxicological effect.

40 CONCLUSION

In this unit, we have discussed an important aspettody - toxicant
interaction known as toxicokinetics. This aspecaldavith how the
body determines the fate of the toxicant as itrsntke body internal
environment by absorption or injection.

The main processes involved in toxicokinetics pilaportant role in
releasing the active constituent of the solid taric enhance the
absorption, distribution, biotransformation and rexion of toxicant.
This process ultimately determines the responsleeobody to toxicant.
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5.0 SUMMARY

This unit explained the basic concepts in toxicekits and processes
involved.

These processes determine the fate of toxicarkeibody. They are as
follow (LADME):

. Liberation — this is how solid toxicants disintegrate or break
down into smaller patrticles.

. Absorption- this is how toxicants are absorbed in the interna
environment of the body, through the skin, intestand oral
mucosa.

Some factors that may reduce or increase absorptiere
outlined. These include shock, temperature, diaaho

. Distribution - this is how the toxicant is spread through thdybo
There are two major types of transport systemssipasand
active transport.

There are two common passive transports in the :bsidyple
diffusion and filtration.

Other Transport Systems include: Facilitated diins and
cellular transport processes.

This unit also defined volume of distribution {Mand explained
the physiological barriers to distribution of dritggicants.
These include: blood-brain barrier (BBB); Placeriaftrier and
testicular barrier.

. Metabolism- this is the biotransformation of toxicant. It @&
chemical process.

There are four main enzymatic processes that abmut  the
biotransformation of xenobiotics:

Hydrolysis, i.e. addition of water molecule

Oxidation i.e. addition of oxygen

Reduction i.e. removal of oxygen

Conjugation i.e. a variety of chemical reactiorie lalkylation,
esterification and acylation which involves the donation of
the toxicant with a highly polar or ionic group mig rise to
soluble products that are quickly eliminated.

Portal circulation also ensures first-pass effeat iagested
toxicants.

aoop
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. Excretion- this is how toxicants are eliminated, through biie,
urine, breathes, skin and nail. The following syste are
involved in excretion:

a. Kidneys / Renal System: excreted during urine faiona

b. Liver / Hepatic System: toxicant may undergo hepati
breakdown.

C. Gastrointestinal Tract: Some metabolites are eadrat
the faeces.

d. Pulmonary System: Some excretion occurs via gas

exchange at the alveolar level.

The concept of clearance of drugs was also disdusgh various drug-
response curves.

In the next unit, we will discuss the possible ome of exposure to
toxicant- toxicity.

6.0 TUTOR-MARKED ASSIGNMENT

Define toxicokinetics.

Explain the processes of toxicokinetics

Outline the barriers to drug distribution in thedigo
State four mechanisms of drug biotransformation.

PoONPE
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1.0 INTRODUCTION

In Unit 2, we discussed the common outcome of exmosto
environmental toxicant and factors that influenicen. All organisms,
such as plants, animals and human beings, as wetha physical
surroundings with whom we interact, form a partoaf environment.
All these constituents of the environment are ddpah upon each
other. Thus, they maintain a balance in nature. ®&mies out a lot of
activities that disrupt this balance by introducitagxicants into the
environment. It is therefore the responsibilitynoén to take necessary
steps to control the environmental imbalances.

In this Unit, you will learn how to identify andadsify these numerous
environmental toxicants.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o explain the meaning of toxicant
) classify toxicants based on different criteria.
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3.0 MAIN CONTENT

3.1 What are Toxicants?

It is not easy to say that any substance is noiigant or poison. This
Is because a substance as simple and common ascaatke a toxicant
depending on dose and route of exposure, among faitters.

Situations where useful substances become toxitacitede: breathing
too much pure oxygen, drinking excessive amountwatkr or eating
too much salt can cause poisoning or death.

An environmental toxicant or poison can therefoeedefined as any
substance that is present in a state, dose or ©waten which is
capable of causing harm or injury on exposure tijinoal particular route
and circumstances.

It is the duty of environmental health personneidintify toxicants in
the environment and minimise the risk of poisorongntoxication.

3.2 Classifications of Toxicants

There are different ways of classifying substart@sed on:

(@) source of the poison

(b)  usage forms of the chemical products
(c)  public health importance

(d) targetsites.

3.2.1 Classification of Poisons Based on their Sources

This is the commonest way in practice. Poisons ban broadly
classified as natural or artificial.

1. Natural poisons include animal, plant and minecsd@ns.

a. Animal poisons include venoms and toxins foundams
animals like Snake, Spiders and Marine animals

b. Plant poisons include chemical extracts from higiants
e.g. Curare, nicotine, atropine, cardiac glycosidesl
physostigmine. Plant poisons obtained from lowentd
include ergot alkaloids, botulinus and mycotoxins.

C. Mineral poisons can be metallic or non-metallic and
organic or inorganic.
I. Metallic poisons from natural sources include

calcium, mercury, lead, copper, zinc and uranium.
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. Non-metallic poisons in the natural sources include
air pollutants, solvents and vapours. These include
phosphorus, carbon compounds, organic acid and
salts. These poisons are exposed to humans while
using natural substances or in a natural
environment

2. Artificial or synthetic sources

These are the commonest sources of poisons. Tée thajor synthetic
sources of poisons in U. S. are:

a. Cosmetics

b. Cleaning agents

C. Therapeutics.

3. Other sources include:

a. Agricultural sources
Like poisoned fish or meat, food crops with residpaisons,
fertilizers, and pesticides.

b. Industrial sources
Such as: pesticides, fertilizers, fuels lubricantaboratory
chemicals, Solvent ink, crude oil, coal, cigareteffluents, solid
and gaseous wastes.

C. Domestic sources
These poisons include food condiments and preseegatpipe-
borne water, cooking gas or smoke from oil lampvet
electricity generator, firewood, cooking pots, manators,
storage tanks, air conditioners, refrigerators,tessnd expired
products.

Classification based on the source of the poisosoimmonly used.
Cosmetics and cleaning agents are most frequeeponsible for
human poisoning than therapeutic drugs in UniteateSt of America.
Though such toxicological comparisons are not yeiwn in Nigeria,
the continued indiscriminate use of uncertified miwl products and
the constant use of smoky electricity generatois @ih lamps are of
great risk to public health. Deaths had been regdofollowing such
domestic poisoning.
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3.2.2 Classification of Poisons Based on Usage Form ofeth
Finished Products

These include:

Food and packaging additives
Medicines

Household and cleaning product
Occupational toxicants.

aoop

3.2.3 Classification Based on the Public Health Importane of
the Toxicants

This depends on the source or health implicatiohghe toxicants
during their exposure or use. Toxicants can besifiad as:

Plant or animal poisons

Corrosives

Carcinogens or mutagens

Pesticides including insecticides, herbicides, ntid&le,
fungicides and fumigants.

Household materials

Airborne poisons

lonising poisons

Solvents

Environmental pollutants e.g. heavy metals, orghnsphates

oo
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Example of classification based on public healthontance:
a. Heavy Metals

Metals differ from other toxic substances in theyt are neither created
nor destroyed by humans. Their use by humans playsportant role
in determining their potential for health effect$heir effect on health
could occur through at least two mechanisms: fiogt,increasing the
presence of heavy metals in air, water, soil, aatf and second, by
changing the structure of the chemical. For examgiieomium Il can
be converted to or from chromium VI, the more tdxion of the metal.

b. Solvents and Vapours

Nearly everyone is exposed to solvents. Occupdtierposures can

range from the use otwhite-out by administrative personnel, to the
use of chemicals by technicians in a nail salon.elVia solvent

evaporates, the vapours may also pose a threathdo ekposed

population.
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b. Radiation and Radioactive Materials

Radiation is the release and propagation of energpace or through a
material medium in the form of waves, the transfeheat or light by
waves of energy, or the stream of particles fromuelear reactor.

C. Dioxin/Furans

Dioxin, (or TCDD) was originally discovered as antmminant in the
herbicide. Dioxin is also a by-product of chloripeocessing in paper
producing industries.

d. Pesticides

The EPA defines pesticide as any substance or rixiti substances
intended to prevent, destroy, repel, or mitigate p@st. Pesticides may
also be described as any physical, chemical, dodical agent that will
kill an undesirable plant or animal pest.

e. Plant Toxins

Different portions of a plant may contain differeciincentrations of
chemicals. Some chemicals made by plants can bal.létor example,
taxon, used in chemotherapy to kill cancer cels,produced by a
species of the yew plant.

f. Animal Toxins

These toxins can result from venomous or poisoranisial releases.
Venomous animals are usually defined as those dhatcapable of
producing a poison in a highly developed gland mug of cells, and

can deliver that toxin through biting or stingirRpisonous animals are
generally regarded as those whose tissues, eithgait or in their

whole, are toxic.

All of these substances may also be further classifased on their:

I. effect on target organs (liver, kidney, hematopoiggstem)

. use (pesticide, solvent, food additive)

iii. source of the agent (animal and plant toxins)

V. effects (cancer mutation, liver injury)

V. physical state (gas, dust, liquid)

Vi. labelling requirements (explosive, flammable, czexl)

Vi. chemistry (aromatic amine, halogenated hydioma)y

viii.  poisoning potential (extremely toxic, veryxio, slightly toxic).
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Note: A chemical may be poisonous at a given dowk through a
particular route.

3.2.4 Classification Based on the Target Sites of the Taant

This is related to the organ with high significémtic effect.

Examples include:

. Hepatotoxicity - when the poison has an unwanted effect on the
liver.

. Nephrotoxicity - when the poison has an unwanted effect on the
kidney.

. Neurotoxicity - when the drug adversely affects the nervous
system.

o Pneumotoxicity - when the poison has an unwanted effect on the
lung.

. Dermatoxicity - when the poison has an unwanted effect on the
skin.

Site of toxicity depends on the manner of exposun@ the mechanism
of action of the poison e.g. most inhaled poiscsse pneumotoxicity
due to the effect on the lungs.

3.2.5 Classification Based on the Original Nature of Toxgants

There are generally three types of toxic entit@semical, biological,
and physical.

a) Chemical toxicants include inorganic substances sag lead,
mercury, asbestos, hydrofluoric acid, and chlogas, organic
compounds such as methyl alcohol, most medicati@ms]
poisons from living things.

b) Biological toxicants include bacteria and viruskesattcan induce
disease in living organisms. Biological toxicitynche difficult to
measure because the "threshold dose" may be a& saingganism.
Theoretically one virus, bacterium or worm can ogjpice to
cause a serious infection. However, in a host weith intact
immune system the inherent toxicity of the organisrhalanced
by the host's ability to fight back; the effectitexicity is then a
combination of both parts of the relationship. Agar situation
is also present with other types of toxic agents.

C) Physical toxicants are substances that, due ta tbleysical
nature, interfere with biological processes. Exasjhclude coal
dust and asbestos fibers, both of which can uletydte fatal if
inhaled.
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3.2.6 Global Classification of Toxicants

For substances to be regulated and handled apatelgrithey must be
properly classified and labelled. Classification determined by
approved testing measures or calculations and datermined cut off
levels set by governments and scientists. Whilereatly many
countries have different regulations regarding tiypes of tests,
amounts of tests and cut off levels, the implenteriaof Global
Harmonisation was beginning to unifying these coastas early as
2008.

These are considered in three areas:

1. Physical Hazards (explosions and pyrotechnics),
2. Health Hazards and
3. Environmental Hazards.

1. Physical Hazards
a. Explosions

An explosion is a rapid increase in volume andasdeof energy in an
extreme manner, usually with the generation of hHeyhperatures and
the release of gases. Supersonic explosions cregtéigh explosives
are known as detonations, and travel via supersehmck waves.
Subsonic explosions are created by low explosiesugh a slower
burning process known as deflagration.

Examples

I. Most natural explosions arise from volcanic proeessf various
sorts. Explosive volcanic eruptions occur when magmsing
from below has much dissolved gas in it; the reduactof
pressure as the magma rises causes the gas toe boiblof
solution, resulting in a rapid increase in volume.

. Animal bodies can also be explosive, as some anrirhald a
large amount of flammable material such as anima@l This, in
rare cases, results in naturally exploding animals.

iii. Among the largest known explosions in the univeme
supernovae, which result when a star explodes tfmmsudden
starting or stopping of nuclear fusion, and gammg bursts,
whose nature is still in some dispute. Solar flaesan example
of explosion common on the Sun, and presumably ost wther
stars as well. The energy source for solar flateviac comes
from the tangling of magnetic field lines resultifigpm the
rotation of the Sun's conductive plasma. Anoth@etpf large
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astronomical explosion occurs when a very largesoreid or an
asteroid impacts the surface of another object sg@ planet.

V. The most common artificial explosives are chemeailosives,
usually involving a rapid and violent oxidation c&an that
produces large amounts of hot gas.

V. Accidental explosions may occur in fuel tanks, edckngines,
etc.
Vi. A high current electrical fault can create @ectrical explosion

by forming a high energy electrical arc which rdpidapourises
metal and insulation material.

vii.  Strictly a physical process, as opposed to chenacatuclear,
e.g., the bursting of a sealed or partially seaedtainer under
internal pressure is often referred to as a 'machbhaxplosion'.
Examples include an overheated boiler or a simplecan of
beans tossed into a fire.

viii.  Boiling liquid expanding vapour explosions are otype of
mechanical explosion that can occur when a vessghming a
pressurised liquid is ruptured, causing a rapidease in volume
as the liquid evaporates.

iX. In addition to stellar (star) nuclear explosions,m&an-made
nuclear weapon is a type of explosive weapon tlesives its
destructive force from nuclear fission or from antwnation of
fission and fusion.

b. Pyrotechnics

Pyrotechnics is the science of using materials ldapaf undergoing
self-contained and self-sustained exothermic chanmeactions for the
production of heat, light, gas, smoke and/or sofydotechnics include
not only the manufacture of fireworks but itemslsas safety matches,
oxygen candles, explosive bolts and fasteners, ooemgs of the
automotive airbag and gas pressure blasting inngjnguarrying and
demolition.

Categories of pyrotechnics

Modern pyrotechnics are, in general, divided irdtegories based upon
the type of effect produced or manufacturing methdtie most
common categories are:

I. Airburst - Hanging charges designed to burst imtbeses of
sparks.

. Binary kits - Powders divided into oxidiser andlfutended to
be mixed before use.

iii. Comets (meteor) - Rising shots resembling shoatia.

V. Preloaded Comet
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V. Preloaded mine - Tubes containing a lift chargended to
project stars, sparks confetti or streamers.

Vi. Preloaded smoke pot - Cartridges designed to eleas
mushroom cloud of smoke.

vii.  Preloaded report (concussion tube) - Tubes designectate a
loud report.

viii.  Falls - Devices intended to drop like falling stars

iX. Fireballs/mortar hits - Containers creating mushraouds of
flame.

X. Flame projector - Columns shooting pillars of flame

XI. Flare (Torch) - Short, high intensity flames origas colours.

xii.  Flash cotton (Sparkle string) - Cotton string ingprated with
nitrocellulose.

xiii.  Flashpaper - Sheets of nitrocellulose resemblssye paper.

xiv.  Flash pot - A container for creating a bright flastd smoke.

xv.  Flash tray (split mine) - A long tube creating awibright flash.

xvi.  Gerb (including fountain, whistle, and waterfall\ fountain of
sparks.

xvii. Lance - A small brightly colored fouréia that produces few
sparks.

xviii.  Line rockets - Whistling gerbs traveling acrossasir

xiX.  Multi-tube article (multi-shot plate, multiple shigpeater boards
and bombardo boards; designed to function in semg)en
Multiple effects chained together.

xx.  Pre-mixed powder - Powders intended to create waradffects.
(Concussions, flashes, etc.)

xxi.  Squib - A small, pre-matched device typically usedeplicate
bullet hits.

xxii.  Strobe - A device intended to create bright repetilashes.

xxiii. Wheel (Saxon) - Tubes that create a spinning wifesdarks.

Pyrotechnics are dangerous and must be handledused properly.
Recently, several high profile incidents involvipgrotechnics have re-
enforced the need to respect these explosivetstahas.

Pyrotechnics are dangerous substances that musyslve treated with
the utmost respect and with the proper traininge Bu the hazardous
nature of these materials, precautions must alvb&ysaken to ensure
the safety of all individuals in the vicinity of ptechnics. Despite all
precautions, accidents and errors occur from tionénhe, which may
result in property damage, injury and in severeesdgss of life. These
incidents may be the result of poorly manufactyrestiuct, unexpected
or unforeseen events, or in many cases, the resubiperator error.
Retrieved from
"http://en.wikipedia.org/w/index.php?title=Pyroteubhs&oldid=50770
6642"
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2. Health hazards

The types of toxicities where substances may caetbality to the
entire body, lethality to specific organs, majorion damage, or cause
cancer. These are globally accepted definitionsvbét toxicity is.
Anything falling outside of the definition cannoe felassified as that
type of toxicant.

Acutetoxicity

Acute toxicity looks at lethal effects followingalr dermal or inhalation
exposure. It is split into five categories of sayewhere Category 1
requires the least amount of exposure to be ledimal Category 5
requires the most exposure to be lethal. The thblew shows the
upper limits for each category

Table 2.1: The Upper Limits for each Category of Aate Toxicity

Method of | Category | Category | Category | Category | Category
administration |1 2 3 4 5

Oral: LDso

measured  ify 50 300 2000 |5000
mg/kg of

bodyweight

Dermal: LDso

measured  f 200 1000 |2000 |5000
mg/kg of

bodyweight

Gas Inhalation
LCso measure(100 500 2 500 20000 |Undefined
in ppmV

Vapour
Inhalation: LGo
measured [
mg/L

0.5 2.0 10 20 Undefined

—

Dust and Mis
Inhalation: LGo
measured i
mg/L

0.05 0.5 1.0 5.0 Undefined

Note: The undefined values are expected to be Ipugjuivalent to the
category 5 values for oral and dermal administratio
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Other methods of exposure and severity

Skin corrosion and irritation are determined thiowkin patches test
analysis. This examines the severity of the dandm®e; when it is
incurred and how long it remains; whether it isaible and how many
test subjects were affected.

Skin corrosion from a substance must penetrate through the epislerm
into the dermis within four hours of applicationrdamust not reverse the
damage within 14 day$kin irritation shows damage less severe than
corrosion if: the damage occurs within 72 hoursapplication; or for
three consecutive days after application within 4a day period; or
causes inflammation which lasts for 14 days in test subjectsMild

skin irritation minor damage (less severe than irritation) withih 7
hours of application or for three consecutive dafysr application.

Seriouseye damageinvolves tissue damage or degradation of vision
which does not fully reverse in 21 days. Eye ititta involves changes
to the eye which do fully reverse within 21 days.

Other categories of toxicity

. Respiratory sensitisers cause breathing hypersetysithen the
substance is inhaled.

. A substance which is a skin sensitiser causesla@myial response
from a dermal application.

. Carcinogens induce cancer, or increase the liketlrad cancer
occurring.

. Reproductively toxic substances cause adversetefie@ither
sexual function or fertility to either a parenttbe offspring.

. Specific-target organ toxins damage only specifiaas.

. Aspiration hazards are solids or liquids which canse damage

through inhalation.
3. Environmental hazards

Environmental hazards tend to focus on degradgbbibaccumulation
and aquatic toxicity.

Mapping environmental hazards

There are many environmental health mapping tobBXMAP is a
Geographic Information System (GIS) from the Diersiof Specialized
Information Services of the United States Natidralary of Medicine
(NLM) that uses maps of the United States to hedpra visually
explore data from the United States Environmentateetion Agency's
(EPA) Toxics Release Inventory and Superfund progral OXMAP is
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a resource funded by the US Federal Government.MA&KXs chemical
and environmental health information is taken friildV's Toxicology
Data Network (TOXNET) and PubMed, and from othethatitative
sources.

Aquatic toxicity

Aquatic toxicity testing submerges key indicatoredps of fish or

crustacean to certain concentrations of a substaniteir environment
to determine the lethality level. Fish are expos®d96 hours while

crustacean are exposed for 48 hours. While GHS dwmésdefine

toxicity past 100mg/l, the EPA currently lists aquatic toxicity as
—practically non-toxitin concentrations greater than 100 ppm.

Exposure Category 1 Category 2 Category 3
Acute <1.0 mg/L <10 mg/L <00 mg/L
Chronic <1.0 mg/L <10 mg/L <00 mg/L

Note: A category 4 is established for chronic exposumet simply
contains any toxic substance which is mostly insl@luor has no data
for acute toxicity.

There are generally two types of toxic entities: atmical and
physical:

a) Chemical toxicants include inorganic substances saag lead,
mercury, asbestos, hydrofluoric acid, and chlogas, organic
compounds such as methyl alcohol, most medicati@ms
poisons (toxins) from living things.

b) Physical toxicants are substances that, due ta tbieysical
nature, interfere with biological processes. Exashclude coal
dust and asbestos fibers, both of which can uletgate fatal if
inhaled.

40 CONCLUSION

There exist thousands of chemical agents in th@gndings exposed to
man. At certain doses and time these chemicalsnpnéous to man or
his environment and constitute health and environtaldazards.

The definition or identification and classificatioh these chemicals are
paramount in ensuring appropriate environmental Ittheaand
management. There are several bases of classificdiscussed but the
one based on the type of hazard is global now.
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5.0

SUMMARY

In this unit, we identified what toxicants are. \Wiferentiated toxicants
from other useful substances in the environment.

Different bases of classifying toxicants included:

A.

1.
2.

75

Classification of poisons based on their sources.

Natural Poisons include animal, Plant and Minecaééhs.
Artificial or Synthetic Sources

I. Cosmetics

il. Cleaning agents

iii. Therapeutics.

Other sources include:

I. Agricultural sources

il. Industrial Sources

ili. Domestic Sources.

Classification of poisons based on usage form ofeHinished
products include:

I. Food and packaging additives

. Medicines

iii. Household and cleaning product

V. Occupational toxicants.

Classification based on the public health importane of the

toxicants

I. Plant or animal poisons

. Corrosives

iii. Carcinogens or mutagens

V. Pesticides including insecticides, herbicides, nbidale,
fungicides and fumigants.

V. Household materials

Vi. Airborne poisons

vii.  lonising poisons

vii.  Solvents

iX. Environmental pollutants e.g. heavy metals,
organophosphates.

Classification based on the affinity or target site

This is related to the organ with high significémtic effect.
Examples include: hepatotoxicity, nephrotoxicity

There are generally two types of toxic entitieseroical and
physical.



Global classifications of toxicants are in three aras:
I. Physical hazards (explosions and pyrotechnics),

il Health hazards and
iii. Environmental hazards.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are toxicants?
2. Differentiate toxicants from therapeutics.
3. Classify the toxicants based on their sources atabdb

classification.
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3.0 INTRODUCTION

In Units 1 and 2 of this Module, we discussed thmigebody
interactions that may ultimately result in toxicityr this unit, we will
explain the concept of toxicity. Toxicity is commgrassociated with
poisons or toxicants. We need to understand ttedivel meaning of
toxicity. We will also discuss the various factthat affect toxicity and
the mechanisms of chemical interactions that imiteetoxicity.

This unit is very interesting as the knowledge aeguwill help you to
make critical decisions in chemical safety and @aiisg managements.

4.0 OBJECTIVES

At the end of this unit, you should be able to:

) explain the termtoxicity*

) outline possible outcomes of exposure to environalen
substances

) enumerate factors that can modify the known effettstoxicant
on an individual

. explain the mechanisms of substance interactions.
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5.0 MAIN CONTENT

3.1 Meaning of Toxicity

Chemical substances (drugs) are of health impostéecause of their
wanted (therapeutic) and/or unwanted (toxic) effamt living systems.
Every drug at a particular dose has either of tledfeets. For instance,
paracetamol is therapeutic at an adult dose ofutgdxic at a higher
dose of about 5g. Consequently, dosage (concemtjalietermines the
toxicity of any chemical substance. In Pharmaca@mvhentology, it is
factual that accumulation of therapeutic drugs, argi-cancer drugs in
the environment can cause adverse effects on tp@niems or food
chain.

Toxicity is a measure of adverse, harmful or unwanted efbéca
substance on any living system (be it at individwall, tissue, organ,
system, organism or community level). Toxicity magsult from
therapeutic overdose, idiosyncratic or allergic ctiem or toxic
exposure. The toxic effect could be acute or cluoaical or systemic
and reversible or irreversible. It is, however fehént from drug side
effect which is a known predictable adverse effi#ca substance that
occurs following normal exposure.

3.1.1 Outcomes of Exposure to Environmental Toxicants

Toxicity (unwanted) outcomes of environmental expes to
substances depend on drug-body interactions. A-drady interaction
may result in one or more of these outcomes:

I. Allergic outcome — immune response to chemicals e.g.
hypersensitivity reaction.

. Geneticeffect like mutation

ii. Idiosyncratic effect- unusual response to chemicals by a few
individuals in a population.

V. Cumulative effect outcome - response to chemicals stored over
time in the body.

V. Dependence outcome - psychic or physical response to
chemicals of abuse.

Vi. Antagonistic effect - response to chemical antagonist in the
body.

vii.  Summationoutcome - additional response to 2 or more chemical
effects in the body.

viii.  Synergisticeffect - greater than additional response to 2 @arem

chemical effects in the body
iX. Potentiating effect - increased response due to exposure of
active chemicals with a passive chemical.
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X. Interference or infra additive outcome - lower response than the
response of combined chemicals.

Xi. Tolerance outcome - decreased responsiveness to a chemicals
following previous administration.

xii.  Tachyphylactic outcome - rapid onset of tolerance following
chemical exposure.

xiii.  Crosstolerance outcome - acquired tolerance due to previous

exposure to a different chemical.

3.2 Factors that may modify the Outcome (s) of Exposueto
Environmental Toxicants

These are factors that may alter the effect oframr@nmental toxicant
on individuals or circumstances. These include:

a. When exposure allowance or concentration of a #onicis
altered exceedingly.

b. When route or mode of exposure of a toxicant evait.

C. When the rate and extent of absorption is altévec particular
exposed concentration or dose. This can vary iivithgals or in
different health conditions and it determines tieatailability of
the toxicant.

d. When there is different body size and compositleor. instance,
the larger the body (muscle) masses the lower ithg effect or
response. Obese or fatty individual has smallerumel of
distribution and may have toxicity faster than anlendividual of
same weight or age.

e. When a drug distribution in the body vary. A drugdety
distributed in all the body fluids has an effectder than when
the distribution is restricted to a compartment.

f. Ability to bind to plasma proteins and tissues. Himlity of a
drug to bind to plasma proteins and tissues redilneeBee active
drug molecules that bind to the target receptodsamsequently
causes reduced effect.

g. When the rate of elimination or clearance of adaxt from an
individual is altered, for instance, when a drug s®wly
eliminated from a body, the plasma concentratiooreases
which in turn increases toxicity.

h. Physiological changes e.g. that accompany pregnaocy
environmental impacts (such as temperature chamgg) alter
the effect of a toxicant on an individual. For arste, if
pregnancy increases the volume of distribution dfwag, it may
reduce toxicity.

I. Pathological factors, for instance, renal dysflwrctmay reduce
the elimination of a drug and increase the conetiotr of
toxicant at the target site.
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J. Genetic factors, for instance, when an individualyrhas higher
DNA-transcription for enzymatic catabolism of a itant to
inactive product. This individual will suffer legsxicity.

K. Interaction with other drugs alters the normal @figf a toxicant.
Drug interactions may cause additive, synergistiargagonistic
effect which is different from normal toxicity etfe
Development of tolerance. This occurs when pri@ ofa drug
may develop a mechanism of reducing the responssgeaof the
body to that drug. For instance, an alcoholic mayehhigher
enzymes that can metabolise similar drugs therelyaing the
drug's effects.

m.  Drug-receptor interaction may be altered by facsarsh as drug
isomers, pH, physical states, etc.

n. Functional state of an individual, such states udel age,
pregnancy, sleep, anxiety or stress can alter itgxid-or
instance, an infant can suffer toxicity of a subseagreater than
an adult.

0. Placebo effects. In this case, the real toxic ¢ftddhe drug is
significantly influenced by pseudo response by itidividual.
The person feels worse and this is wrongly attadub the drug.

3.3 Mechanisms of Toxicants Interactions in the Body

These are to explain how the outcome of an enviromshexposure to
a toxicant can alter due to concurrent presenc¢har drug (Ss).

The mechanisms of drugs interaction are classased

1. Toxicokinetics mechanisms
2. Toxicodynamic mechanisms
3. Combined toxicity.

3.3.1 Toxicokinetics Mechanisms

These are interactions that may occur at the staigiesicant liberation,
absorption, distribution, metabolism or excretion the presence of
another drug in the body. One of the drugs mayeaushange in the
body system that either increases or decreasesribgcs of the other
drug(s).
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Examples:

a. Antacids may adsorb toxicants in GIT and decrehs# t
absorption into the blood. Such interacting drugs hon,
Digoxin

b. Alcohol may induce an enzymatic action on anotheigde.g.
increase the hepatotoxicity of acetaminophen.

C. Probenecid may decrease renal excretion of peanidly
inhibiting its secretion, thereby causing penigilioxicity.

3.3.2 Toxicodynamic Mechanisms

Drugs with similar toxicological effects exposedncarrently may
cause additive or synergistic effects while drugshwopposing or
competitive effects give antagonistic or reducddat$.

Examples:

a) Barbiturates given to alcoholic may cause additi@NS
depression toxicity.

b) Mono amine oxidase inhibitors given to one on imsuhay
increase its hypoglycaemic toxicity.

3.3.3 Combined Organ Toxicity

The use of two or more drugs with the same orgaititg may increase
the damage of the organ(s).

Example:
Salicylates cause additive toxic effect on themastucosa when given
with corticosteroids.

6.0 CONCLUSION

Interestingly, we have discussed the main outcomexposure to
toxicants and factors that influence them. You walso taught the
mechanisms of interactions of the toxicants.

With these you are prepared to study those substanc the

environment that are injurious to man. In the naxt, we will identify
and classify toxicants.
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7.0 SUMMARY

In this unit, we explained the meaning of toxicitiya substance. The
outcomes of Exposure to Environmental Toxicantsgchswas the
following:

Allergic outcome
Genetic outcome
Idiosyncrasy outcome
Cumulative effect
Dependence outcome
Interaction outcome
Antagonism outcome
Summation outcome
Synergistic effect
Potentiating outcome
Interference or infra additive outcome
Tolerance outcome
Tachyphylactic outcome
Cross-tolerance.

S3ITFTToS@T0a200TY

Factors that may modify the outcome(s) of expostoemnvironmental
toxicants include:

Exposure allowance or concentration
Route or mode of exposure

Rate and extent of absorption
Bioavailability

Body size and composition

Drug distribution

Ability to bind to plasma proteins and tissues;
Rate of elimination or clearance
Physiological changes

Pathological factors

Genetic factors

Drug interaction

Development of tolerance
Drug-receptor interaction

Functional state of an individual
Placebo effects.

TOS3ITATTSQ@ Q0T

Mechanisms of toxicants interactions in the boay ar

a. Toxicokinetics mechanisms,
b. Toxicodynamic mechanisms, and
C. Combined toxicity.
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8.0

W
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9.0

TUTOR-MARKED ASSIGNMENT

a. Explain the termtoxicity".

Differentiate drug side effect from drug toxicity.

a. List five (5) outcomes of exposure to environtakén
toxicants

Explain four of these.

a. List ten (10) factors that may modify the outeds) of
Exposures to Environmental.

Explain five of these.

a. Outline three mechanisms of substance interactio

b. Explain two with an example each.
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10.0 INTRODUCTION

In Module 2, we introduced and classified environtaktoxicants. One
of the commonest groups with great public healtpnificance is
pesticides. These are substances used to contstd. pfeests include
insects, plant pathogens, weeds, molluscs, birdammmeals, fish,
nematodes (roundworms), and microbes that destrogepty, spread
disease or are vectors for disease or cause neisanc
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Pesticides are substances or mixture of substamtended for
preventing, destroying, repelling or mitigating gogst. Environmental
Toxicology aims at quantifying the health-threateni effects of
pesticides in the environment on biologic systemsider to detect,
treat and possibly prevent any damage.

Agricultural exposure is the most common cause rghimophosphates
and carbamate poisoning. The World Health Orgalza(\WHO)
classifies these poisonings as Class | (extremekc) to Class Il
(slightly hazardous). The WHO advocates banningtimng restrictions
on the use of Class | pesticides and a reductidineruse of pesticides to
a minimal number of compounds that are less hamartt@an others.
Organophosphate and organocarbamate pesticidethargvo widely
used classes of non-persistent insecticides. They nan-persistent
because they break down readily into harmless awmadervsoluble
products, once released into the environment. Becéhey do not last,
they must be highly potent and they are powerfuromxins.

Since the main goal of this course is to ensuremate safety to
humans, animals and other forms of life, in this doncept of toxicity.
Toxicity is commonly associated with poisons oritaxts. We need to
understand the relative meaning of toxicity.

We will also discuss the various factors that dftegicity of pesticides
and the mechanisms of chemical interactions tllatence toxicity.

11.0 OBJECTIVES

At the end of this unit, you should be able to:

. define pesticides

. outline the uses of pesticides

. classify pesticides with examples

. explain the basic toxicology of pesticides

. identify other non pesticide, non-pharmaceutical gaoic
toxicants

. state the toxicological implication of these toxitsa

12.0 MAIN CONTENT

12.1 What are Pesticides?

A pesticide is defined as any substance or mixtofesubstances
intended for preventing, destroying or controlliagy pest, including
vectors of human or animal disease, unwanted spemfieplants or
animals causing harm during or otherwise interfering with the
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production, processing, storage, transport or nieude of food,
agricultural commodities, wood and wood productammal feedstuffs,
or substances which may be administered to anifoalthe control of
insects, arachnids or other pests in or on thedidso The term includes
substances intended for use as a plant growth atguldefoliant,
desiccant or agent for thinning fruit or preventihg premature fall of
fruit. Also used as substances applied to crodseeibefore or after
harvest to protect the commodity from deterioratiioming storage and
transport (FAO, 2002).

A pesticide may be a chemical, biological agentlisas a virus or

bacterium), antimicrobial, disinfectant or devicged against any pest.
Pests include insects, plant pathogens, weeds, usaesll birds,

mammals, fish, nematodes (roundworms), and micrdbat destroy

property, spread disease or are vectors for disgasguse nuisance.

3.2 History of Pesticides and the Epidemiology of its
Toxicity

Since before 2000 BC, humans have utilised pesticid protect their
crops. The first known pesticide was elemental lmuplusting used in
ancient Sumer about 4,500 years ago in ancient ptéamia. The Rig
Veda, which is about 4,000 years old, mentionsuse of poisonous
plants for pest control. By the 15th century, togltemicals such as
arsenic, mercury and lead were being applied tpscto kill pests. In
the 17th century, nicotine sulphate was extracted ftobacco leaves
for use as an insecticide. The 19th century sawrttieduction of two
more natural pesticides, pyrethrum, which is detivdrom
chrysanthemums, and rotenone, which is derived fthe roots of
tropical vegetables. Until the 1950s, arsenic-bapedticides were
dominant. Paul Muller discovered that DDT was ayveiffective
insecticide. Organochlorines such as DDT were dantirbut they were
replaced in the U.S. by organophosphates and catieanby 1975.
Since then, pyrethrin compounds have become thendmrinsecticide.
Herbicides became common in the 1960s, led byZzitrea and other
nitrogen-based compounds, carboxylic acids such 2gl-
dichlorophenoxyacetic acid, and glyphosphate".

The first legislation providing federal authorityrfregulating pesticides
was enacted in 1910; however, decades later dutirg 1940s
manufacturers began to produce large amounts dhelyn pesticides
and their use became widespread. Some sourcesleptise 1940s and
1950s to have been the start of the "pesticide' édshough the U.S.
Environmental Protection Agency was established 1870 and
amendments to the pesticide law in 1972, pesties#ehas increased 50-
fold since 1950 and 2.3 million tonnes (2.5 millighort tons) of
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industrial pesticides are now used each year. $g¥me per cent of all
pesticides in the world are used in developed c@ms)tbut use in
developing countries is increasing. In 2001, thé\ EBRopped reporting
yearly pesticide use statistics. A study of USAtiee use trends
through 1997 was published in 2003 by the Natiosience
Foundation's Center for Integrated Pest Management.

The first organochlorine pesticide to be appliedaotarge scale was
para-dichlorodiphenyl trichloro ethan@DT). It was introduced during
World War 1l to control malaria and typhus. DDTakemically stable,
has low volatility, evaporates only slowly and Hasv solubility in
water. It is because of these favourable charatiesj DDT was
considered as an ideal insecticide.

One of the main drawbacks of DDT is that it is &adnd persists in the
environment and it accumulates in the food chaire bioaccumulation

of DDT can be explained as follows: if the plankfmesent in sea/river
water contains DDT to the extent of 0.04 ppm, tlaeises that consume
plankton concentrate it ten times. (i.e. they condédout 0.4 ppm DDT)

. From the clause to fish, which feed on the claitses increased to
around 2 ppm and from fish to eating birds it ighar concentrated to 3
to 75 ppm. It is well known that many birds whicévie consumes high
levels of DDT are threatened with extinction, whigls a serious threat
to biodiversity.

In addition, DDT began to lose its effectivenescdwuse of insect
resistance. Because of these reason newer inslestiztere developed
to replace DDT such an attempt led to the discovefyother

organochlorine molecules quite different from DDhigh were also
insect neurotoxins. Several of these were the mtsdaf an addition
reaction between perchlorocyclopentadiene and afinel molecule to
give a cyclodiene pesticide. Rachel Carson wrotehtbst-selling book
Silent Spring about biological magnification.

The agricultural use of DDT is now banned under Steckholm

Convention on Persistent Organic Pollutants, big gtill used in some
developing nations to prevent malaria and othepitad diseases by
spraying on interior walls to kill or repel mosmes.
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Table 3.1: Chronology of Pesticide Development

Period Example Source Characteristics
1800-1920s Early  organics, Organic Ofter lack
nitro-phenols, chemistry,  by-| specificity and
chlorophenols, products of coall were toxic to usef
creosote, gas production| or non-target
naphthalene, etc. organisms
petroleum oils
1945-1955 Chlorinated Organic Persistent,  good
organics, DDT, synthesis selectivity, good
HCCH, agricultural
chlorinated properties, good
cyclodienes public health
performance,
resistance, harmfu|
ecological effects
194£-197( Cholinesterase | Organic Lower persistence,
inhibitors, synthesis, good some user toxicity
organophosphorus use of structure{ some
compounds, activity environmental
carbamates relationships problems
197(-198¢ Synthetic Refinement of Some lack of
pyrethroids, structure activity| selectivity,
avermectins, relationships, resistance,  costs
juvenile hormone| new target and variable
mimics, systems persistence
biological
pesticides
198t- Genetically Transfe of | Possible problems
engineered genes fon with mutations
organisms biological and escapes,
pesticides to disruption of
other organisms| microbiological
and into| ecology,
beneficial plants| monopoly on
and animals| products
Genetic
alteration of]
plants to resist
non-target
effects of
pesticides

Source (Stephenson and Solomon, 1993) Retrieved from
"http://en.wikipedia.org/w/index.php?title=Water ljpion&oldi
d=505453536"
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3.3 Classification of Pesticides

Gilden, Huffling and Sattler (2010) categorisedtpases into four main
substituent chemicals: herbicides; fungicides; c¢tisgles and
bactericides or into_herbicides, insecticides, foidgs, rodenticides,
pediculicides, and biocides.

However, pesticides can be classified by targetamisgn, chemical
structure, origin and biological mechanism.

3.3.1 Classification Based on Target Organism

Table 3.2: Classification of Pesticides Based on Target

Organism
Type of Pesticide Target Pes Group
Algicides or Algaecide Algae
Avicides Birds
Bactericide Bacteric
Fungicide Fung anc Oomycete
Insecticides Insects
Miticides or Acaricides Mites
Molluscicides Snails
Nematicides Nematodes
Rodenticide Rodent
Virucides Viruses

Subclasses of pesticides include: herbicides, trtsges, fungicides,

rodenticides, pediculicides, and biocides (Gildealg 2010).

Prominent families of herbicides include phenoxyd a@menzoic acid

herbicides (e.g. 2,4-D), triazines (e.g. atrazinegas (e.g. diuron), and
Chloroacetanilides (e.g. alachlor). Phenoxy compsuntend to

selectively kill broadleaved weeds rather than ggasMany commonly
used pesticides are not included in these familetyding glyphosate.

3.3.2 Classification Based on Chemical Structure

Many pesticides can be grouped into chemical fasiliProminent
insecticide families include organochlorines, omamosphates, and
carbamates.
Organochlorine hydrocarbons (e.g. DDT) could beassed into
dichlorodiphenylethanes, cyclodiene compounds, atider related
compounds.
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Organophosphates are the basis of many pesticitescarbamate and
dithiocarbamates are subclasses of carbamates.

3.3.3 Classification Based on Origin

Pesticides can also be classed as inorganic, symtloe biologicals
(biopesticides), although the distinction can somes$ be blurred.

Biopesticides include microbial pesticides and bamical pesticides.
Plant-derived pesticides, or "botanicals”, havenbeeveloping quickly.
These include the pyrethroids, rotenoids, nicotdapand a fourth group
that includes strychnine and scilliroside (Kamfif@97).

3.3.4 Classification Based on the Biological Mechanism or
Application Method

Most pesticides work by poisoning pests. A systepasticide moves
inside a plant following absorption by the plantitiinsecticides and
most fungicides, this movement is usually upwaldoiigh the xylem)
and outward. Increased efficiency may be a res@ystemic

insecticides, which poison pollen and nectar in flogvers, may Kkill

bees and other needed pollinators.

In 2009, the development of a new class of fungidalled paldoxins
was announced. These work by taking advantage tofaladefense
chemicals released by plants called phytoalexirtschwfungi then
detoxify using enzymes. The paldoxins inhibit tbedi's detoxification
enzymes. They are believed to be safer and gréEnezkAlert, 2009).
The organochlorines operate by disrupting the sofbiatassium
balance of the nerve fiber, forcing the nerve am$mit continuously.
Organophosphate and carbamates largely replaceshachlorines.
Both operate through inhibiting the enzyme acéhiylinesterase,
allowing acetylcholine to transfer nerve impulsedefinitely and
causing a variety of symptoms such as weaknesaratysis.

The phenoxy and benzoic acid herbicides functianilar to plant
growth hormones, and grow cells without normal delision, crushing
the plants nutrient transport system. Triazineserfete with
photsynthesis.

3.4 Public Health Importance of Pesticides

Although there are benefits to the use of pesigid®@me also have
drawbacks, such as potential toxicity to humansathdr animals.
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There are two levels of benefits for pesticide upemary and
secondary. Primary benefits are direct gains froenuse of pesticides
and secondary benefits are effects that are mageterm.

Primary benefits

1. Controlling pests and plant disease vectors
. improved crop/livestock yields
. improved crop/livestock quality
. invasive species controlled.
2. Controlling human/livestock disease vectors and sange
organisms:
. human lives saved and suffering reduced
. animal lives saved and suffering reduced
. diseases contained geographically.
3. Prevention of control organisms that harm other dnuactivities
and structures:
. drivers view unobstructed
. tree/brush/leaf hazards prevented
. wooden structures protected.

Secondary benefits

1. Community benefits:
. farm and agribusiness revenues
. nutrition and health improved
. food safety and security.

2. National benefits:
. workforce productivity increased
. increased export revenues
. national agriculture economy.

3. Global benefits:

. assured safe and diverse food supply
. less greenhouse gas
. reduced civil unrest.

On the other hand, according to the Stockholm Cotiwe on Persistent
Organic Pollutants, 9 of the 12 most dangerous @erdistent organic
chemicals are pesticides. The toxicities of orgafawaes vary greatly,
but they have been phased out because of theisfggrse and potential
to bioaccumulate. Organophosphates are quite toxiertebrates, and
have in some cases been replaced by less toxiaroatbs.
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3.5 Toxicokinetics of Pesticides

Pesticides can be absorbed when contacted, ingestathaled. The
organophosphate chemicals are absorbed by the shkimunctiva,
gastrointestinal and respiratory tracts. They ugadriotransformation
in human body.

Although most patients rapidly become symptomatie onset and
severity of symptoms depend on the specific comgpamount, route
of exposure, and rate of metabolic degradation.

Most pesticides are highly lipid soluble compounaisd are well

absorbed from intact skin, oral mucous membramaguactiva and the
gastrointestinal and respiratory tracts. They amdty redistributed to
all body tissues. The highest concentrations avedan the liver and
kidney. This high lipid solubility means that theyasily cross the
blood/brain barrier and therefore produce potefdéces on the CNS.
Metabolism occurs principally by oxidation in theelr with conjugation

and esterase hydrolysis producing a half-life ohutes - hours. The
oxidative metabolites of malathion and parathional@oxon and
paraoxon) are active forms and are subsequentlyolyggd into

inactive metabolites. Elimination of organophospisocompounds and
its metabolites occur mainly via urine, bile anddes.

3.6 Toxicodynamics of Pesticides

Many pesticides, e.g. organophosphates, are patemte agents,
functioning by inhibiting the action of acetyl chwsterase (AChE) in
nerve cells. Early poisoning cases present predamiyn with
parasympathetic over-activity, and a characterggiidic smell. The end
result may be a multi-system manifestation invajvinthe
gastrointestinal, respiratory, cardiovascular aevous systems, as well
as involvement of skeletal muscle, other organs methbolic effects
such as hypo- or hyperglycaemia. Most fatalitiesuoavithin 24 hours
and those who recover usually do so within 10 days.

3.6.1 Mechanism of Action of Pesticides

The organophosphates and carbamates presumably byoirkhibiting
the enzymecetyl cholinesterasehich hydrolyses the neurotransmitter
acetylcholine

The primary mechanism of action of organophosplsticides is
inhibition of carboxyl ester hydrolases, particiytaacetylcholinesterase
(AChE). AChE is an enzyme that degrades the nensinitter
acetylcholine (ACh) into choline and acetic acidCAis found in the
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central and peripheral nervous system, neuromusjulations, and red
blood cells (RBCs).

Organophosphates inactivate AChE by phosphorylating serine
hydroxyl group located at the active site of ACFilee phosphorylation
occurs by loss of an organophosphate leaving gemgpestablishment
of a covalent bond with AChE.

Cleavage of the carbon-enzyme bond from ACh is detegn a few
microseconds. However, the breaking of the phosmhienzyme bond
requires a period varying from 60 minutes to sdveeeks, depending
on the organophosphorus compound involved.

Once AChE has been inactivated, ACh accumulatesugffiout the

nervous system, resulting in overstimulation of causic and nicotinic

receptors, and subsequently disrupts the transmissginerve impulses
in both the peripheral and central nervous syst€hmical effects are

manifested via activation of the autonomic and r@@nmtervous systems
and at nicotinic receptors on skeletal muscle.

In insects, the levels of active enzyme decreddes acetylcholine is no
longer decomposed rapidly enough and the nervésstiaing in an
uncontrollable manner, with the result the inse@uickly killed.

The organophosphate insecticides are superior toy mmeganochlorine
insecticides because they readily undergo biodegyjad and do not
bioaccumulate.

3.6.2 Organochlorine Pesticides

Like many other insecticides, organochlorine pé$te attack the
central nervous system. Because of its hydrophgbiBIDT is able to
readily penetrate the waxy outer coating of insaa$ quickly paralyses
the insect. But its toxicity to animals, includingmans, is low, because
animals absorb much less of chemical in their @ssu

13.0 CONCLUSION

Pesticides are purposeful environmental contamsnantroduced in
order to improve environmental quality for man amd domesticated
animal and plants. Unfortunately, pesticides aremubal hazards of
concern to public health. There are different das# pesticides. Based
on target organisms, we have herbicides, fungicidesecticides and
bactericides. Chemically, prominent insecticide if@® include
organochlorides, organophosphates, and carbankasscides can be
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absorbed when contacted, ingested or inhaled. dlmgy of pesticides
explains the fate of pesticides and their effe€tsuman.

14.0

SUMMARY

In this unit, the following were discussed:

15.0

wnh e

16.0

Food

The meaning of pesticides: chemicals used in ctimgyests

History of pesticides: different types of pestigdeve been used

over the history of man.

Classification of pesticides

a) Classification based on target organism

b) Classification based on chemical structure

C) Classification based on origin

d) Classification based on the biological mechanism or
application method

Public health importance of pesticides: the besefitd hazards
of pesticides

Toxicokinetics of pesticides

Toxicodynamics of pesticides

Toxicity of pesticides

Manifestation of poisoning symptoms.

TUTOR-MARKED ASSIGNMENT

What are pesticides?
Classify pesticides based on their target organisms
List four toxic effects of pesticides on man.
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1.0 INTRODUCTION

In Unit 1 of this Module, we discussed pesticiddsch are used in the
control of pests and found to have adverse eff@timan.

In this unit, we will discuss the toxicology of @mgc toxicants other
than pesticides or pharmaceuticals.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. identify organic pesticides

. outline the public health importance of major ongagollutants
in the environment

. enumerate the effects of organic pollutants on man.

3.0 MAIN CONTENT

An organic compound is any member of a large addgmseous, liquid,
or solid chemical compounds whose molecules contedmbon.
Toxicants containing organic compounds are known acaganic
toxicants.

3.1 Classification of Organophosphate Pollutants

Phosphorus can adopt a variety of oxidation statess general to
classify Organophosphorus compounds based ondkieliative states:
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. derivatives of phosphorus (V)
. derivatives of phosphorus (lIl), which are the mnedhant
classes of compounds.

In the environment, these compounds breakdown wyidrdlysis to
eventually afford phosphate and the organic alcairolamine from
which they are derived.

3.2 Public Health Classification of Organophosphate
Toxicants

I. Pesticides including malathion, parathion, diazini@mthion,
dichlorvos, chlorpyrifos, ethion , tribufos [DEFherphos.

il Nerve gases including soman, sarin, tabun, VX

iii.  Ophthalmic agents: echothiophate, isoflurophate

iv.  Antihelmintics such as trichlorfon

3.3 Toxicology of Other Organic Toxicants

1. Organophosphate pollutant Toxicity

In health, agriculture, and government, the wordgdmophosphates”
refers to a group of insecticides or nerve ageatsi@ on the enzyme
acetylcholinesterase (the pesticide group carbamalso act on this
enzyme, but through a different mechanism). Them ter used often to
describe virtually any organic phosphorus(V)-camtagy compound,
especially when dealing with neurotoxic compoundsny of the so
called organophosphates contain C-P bonds. Foanost sarin i€O-
isopropyl methylphosphonofluoridate, which is folipaderived from
phosphorous acid (HP(O)(OHl) not phosphoric acid (P(O)(Ok))
Also, many compounds which are derivatives of phosp acid are
used as neurotoxic organophosphates.

Organophosphate pesticides (as well as sarin andngiXe agents)
irreversibly inactivate acetylcholinesterase, whishessential to nerve
function in insects, humans, and many other anin@tganophosphate
pesticides affect this enzyme in varied ways, dn tin their potential
for poisoning. For instance, parathion, one of thest OPs
commercialised, is many times more potent than thiala an
insecticide used in combating the Mediterraneait fiyi (Med-fly) and
West Nile Virus-transmitting mosquitoes.

Organophosphate pesticides degrade rapidly by hygisoon exposure

to sunlight, air, and soil, although small amouw#s be detected in food
and drinking water. Their ability to degrade mabem an attractive
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alternative to the persistent organochloride pies; such as DDT,
aldrin and dieldrin. Although organophosphates ddgrfaster than the
organochlorides, they have greater acute toxipibging risks to people
who may be exposed to large amounts.

They are manufactured for selective use such asticgles or chemical
warfare agents. However, their use as insectidel@st without health
(systemic) and ecotoxicity. They are useful insgdés when in direct
contact with insects or when used as plant systevhiere the agent is
translocated within the plant and exerts letha®&# on insects that feed
on plants.

Organophosphates are also used in chemical waagents such as
tabun (GH11N202P) and sarin(éHi0FO:P) which are similar to
insecticides, such as malathion, but are highlyenpatent.

2. Toxicology of Volatile Organic Compounds (VOC)

VOC constitute a major group of indoor air pollusa®ncompassing
diverse chemicals such as aldehydes, terpenesaranaatic, aliphatic
and halogenated hydrocarbons.

Examples of VOC include:

a. Formaldehyde carcinogenesis is a high- dose phemamwith a
determining role for cytolethality.

b. This may also be true for acetaldehyde carcinogenes

C. Being a reactive, potent DNA-protein cross-linkeidaa major
indoor air contaminant, acrolein is possibly cangenic.

d. Terpenes

e. Benzene is a human carcinogen at high haemotoxiosexe
levels.
f. In comparison with benzene, detoxification of tolaeand xylene

is rapid which may explain the non-carcinogenicily these
benzene homologues.
g. Hexane concentrations are orders of magnitude |othan
exposure levels associated with clinically overdnopathy.
Polycyclic aromatic hydrocarbons (PAHS)
Phenols
Nitrosamines
Isocyanates and methyl isocyanates
Organophosphates and carbamates
Organochlorine compounds & PCBS
Dioxins and polychlorinated biphenyls
Polychlorinated biphenyls.

oS3 —xT TS
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a)

b)
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Formaldehyde and acetaldehydeAldehydes contain carbonyl
(C=0) groups. Because of its widespread use andtitypx
formaldehyde becomes important. Formaldehyde isl @te37-
50% aqueous solution. Formaldehyde is inhaled enftmm of
molecular formaldehyde vapour or through forma@snaqueous
solution. Prolonged and continuous exposure to &lehyde
can cause hypersensitivity. It is a severe irrittmtmucous
membrane and alimentary tracts. Individuals expdsedreater
than 1 ppm formaldehyde develop symptoms that delu
drowsiness, nausea, headaches, and respiratorgnésinBecause
formaldehyde is potentially carcinogenic, chrompasure, even
at low doses, poses public health problem. The ciiyxiof
formaldehyde is largely due to its metabolic oxioiatproduct,
formic acid.

The water-soluble lower aldehydes cause intengation. These
aldehydes attack the exposed moist tissue, patlgulhe eyes
and mucous membranes of the upper respiratory. trHoe
aldehydes that are less soluble can penetrateefuittio the
respiratory tract and affect the lungs. Colourledsuid
acetaldehyde is less toxic than acrolein and axtsrigant, and
systemically, as a narcotic to the central nervaystem.
Acrolein has an extremely irritating, choking od@und is highly
lacrimatory. The inhalation of acrolein can causeese damage
to respiratory tract membranes.

Benzene Benzene is derived mainly from crude oil and idely

used in petroleum, chemical, and manufacturing striks. It is
one of the few chemicals classified as a knownigagen, and is
implicated as a causative agent in human leukemmiaaled

benzene is readily absorbed by the blood from whichs

strongly taken up by fatty tissues. In the liversitconverted to
phenol by a phase _oxidation reaction. The benepuoxide is
the intermediate that is formed in the reactionolhs believed
to be involved in the damage of bone marrow. H &kin irritant
and progressively higher local exposures can cskiseredness,
burning sensations, fluid accumulation and blisigri It is

thought that preleukemia, leukemia or cancer mayltefrom

chronic benzene poisoning.

In many applications, it is being replaced by adikgtl benzenes
such as toluene which are much less toxic thandrenzhe alkyl
groups are readily oxidised by enzymes in the Jiygoducing
benzoic acid or related acids which are readilyeted.
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f)

Polycyclic aromatic hydrocarbons (PAHs) Compounds such
as benzo[a]pyrene with four or more benzene ringsed

together, are potent carcinogens. Their carcinagemepends
upon activation by the same class of liver enzyrggchrome

P450, that metabolise toluene and often xenobioWisen these
enzymes add oxygen to the PAHSs, they produce epaddiucts
that reacts strongly with the heterocyclic base®NA, altering

genes.

There are two stereoisomers for this metabolite @t of them
are known to be potent mutagens and presumablycease
cancer. PAHs are formed as side products of cartumh
combustion. Though they are present at low levelsutomobile
exhaust, when large quantities of soot particlespaoduced, the
levels are much higher.

Phenols Phenols are common pollutants in industrial waste
water, particularly in effluents from coke-oven anmbal
distillation plants. Some of the more important mble
compounds are: (1) phenol (2) O-cresol (3) m-cré&$pp-cresol

(5) 2-naphthol (6) 2-nitrophenol and 7) pentachptenol.

The nitro-groups and halogen atoms (particularlijorihe)
bonded to aromatic rings strongly affect the chamiand
toxicological behaviour of phenolic compounds. Acpbisoning
of phenol causes death after one and half hoursexpolt affects
the central nervous system and causes gastromdkesti
disturbances, kidney mal function, circulatory syst failure,
lung edema , and convulsions. Fatal doses of pheaol be
absorbed through the skin. Chronic poisoning ofnphdamages
important organs like the spleen, pancreas, anukelisl

Nitrosamines Nitrosamines are anthropogenic carcinogens.
These compounds are characterised by -N-N=0 fumaligroup.

It is prevalent in whiskey, beer and cutting oiédsn machining.
Dimethyl nitrosamine is an industrial solvent asckhown to be
carcinogenic. It is believed that dimethylnitrosaeni on
enzymatic oxidation in the body, gives rise to fatdehyde and
an unstable intermediate. This unstable intermedgathe source
for methyl carbonium ion (C#) a powerful electrophile, which
can readily react with DNA if generated nearby.

Isocyanates and methyl isocyanates: Isocyanates are
compounds with the general formula R-N=C=0. Theyaidely
used industrial chemicals and they are noted feair tihigh
chemical and metabolic reactivitgf their characteristic
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functional group. Methyl isocyanate (MIC) (CH3-N=CF¥is the
starting material for the production of carbarybpade, MIC is
extremely reactive and can react with any chemieeluding
itself to generate considerable heat and CO2 Tl iedeased
accelerates the reaction and the pressure goesiloimg up till
it reaches an explosive level. MIC is invariablfcampanied by
COCk. The toxic effect of MIC is enhanced by CQQThis toxic
agent was involved in the catastrophic industriaispning in
Bhopal on December 2, 1984. The lungs of victimsrewe
attacked. Survivours suffered long term shortndsreath and
weakness from lung damage.

Dioxins and polychlorinated biphenyls Dioxins and furans):
Dioxins refer to the family of polychlorinated dimedioxins,
sometimes abbreviated as PCDDs. The polychlorinated
dibenzofurans (PCDFs) have similar structure. Thesemicals
are not made intentionally, but are formed as cuoitants in
several large scale processes, including (1) cotidoug) paper-
pulp bleaching with chlorine, and (3) manufacture certain
chlorophenol chemicals. Among these group of compdeu
2,3,7,8-tetrachlorodibenzodioxin (TCDD) is extraoatily toxic
to animals causing birth defects, cancer, skin rdess, liver
damage, suppression of immune system and deathLD&@ in
male guinea pig was only Qu§/kg.

The world health organisation has classified TCBDaaknown
human carcinogen. The molecule binds strongly & rédteptor
protein that is present in all animal species. Thieptor called
Ah(aryl hydro carbon) is activated by a number danpar
aromatic molecules.(its natural substrate is stilknown); the
binding of TCDD is particularly strong, with highgalibrium

constant. Among the dioxins TCDD is the most toXioxicity

decreases progressively when chlorine atoms arevenfrom
2,3,7 and 8 positions. These alterations reduce'ftiheof the

molecule to the binding site of the Ah receptor.

Polychlorinated biphenyls: The polychlorinated biphenyls
(PCBs) are made by chlorinating the aromatic comgdou
biphenyl. A complex mixture results, with variabl@embers of
chlorine atoms substituted at the various positminte rings; a
total of 209 congeners are possible. They were Ignaised as a
coolant in power transformers and capacitors becdhsy are
excellent insulators, are chemically stable and iladlammability
and vapour pressure. Subsequently the PCBs alsd ioge as



heat-transfer fluids in other machinery, as derigkagents for
recycled newsprint and as weather proofing agéygsa result of
industrial discharges and disposal of these predi®TCBs were
spread wildly in the environment.

Since the PCBs are stable, bipophylic and perdisitenthe
environment, they are subjected to bioaccumulaitiothe lipid
tissue just as DDT. The PCBs are less toxic thaDPand
PCDFs and possibly they operate by the same meshani
binding to Ah receptor. The most toxic PCBs areséhthat have
no chlorine atoms in the ortho position of the riagd can
therefore adopt a coplanar configuration of thegsjnas in
PCDDs and PCDFs. If the substituents occupy thremur of
the ortho position, the rings are definitely twiseavay and PCBs
with this substitution pattern will be least toxic.

3. Toxicology of Oleum

Oleum Latin 6leum = "oil"), or fuming sulphuric acid refers to a
solution of various compositions of sulphur trioxith sulphuric acid
and urine, or sometimes more specifically to disuhx acid (also
known as pyrosulphuric acid). Oleum, which is a tomig of sulphuric
acid and sulphur trioxide, is listed as a reguldtedc substance in 40
CFR 68.130. Sulphur trioxide is also listed induadly as a regulated
toxic substance.

Sulphuric acid is not very volatile, and therefaverkplace exposures
are primarily to mists or aerosols. Sulphuric asiccorrosive and can
cause severe irritation or corrosive damage if lechaThe degree and
severity of respiratory effects are influenced lagtérs such as the
physical state and particle size of the aerosolposiéion site,

concentration and humidity. Sulphuric acid can easgvere lung
damage with a life-threatening accumulation of dlu{pulmonary

edema). The symptoms of pulmonary edema includeggling and

shortness of breath and can be delayed until hourdays after the
exposure. These symptoms are aggravated by physieation. Long

term lung damage may result from a severe short éxposure.

4. Toxicology of Toxins

A toxin (from Ancient Greekro&wdv toxikon) is a poisonous substance
produced within living cells or organisms; man-madéstances created
by artificial processes are thus excluded.

Toxins can be small molecules, peptides, or pretdiat are capable of
causing disease on contact with or absorption loly hissues interacting
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with biological macromolecules such as enzymesetiular receptors.
Toxins vary greatly in their severity, ranging framsually minor and
acute (as in a bee sting) to almost immediatelydige@s in botulinum
toxin).

The term "biotoxin" is sometimes used to explicittpnfirm the
biological origin. Toxins produced by microorgansrmare important
virulence determinants responsible for microbiathpgenicity and/or
evasion of the host immune response.

Biotoxins

Biotoxins vary greatly in purpose and mechanisnd aan be highly
complex (the venom of the cone snail contains de®xnérsmall proteins,
each targeting a specific nerve channel or recgpborrelatively small
protein.

Biotoxins in nature have two primary functions:

. predation (spider, snake, scorpion, jellyfish, wasp
. defense (bee, ant, termite, honeybee, wasp, pdeaodifrog).

Some of the more well known types of biotoxins unig:

. Cyanotoxins, produced by cyanobacteria
. Hemotoxins target and destroy red blood cells, aaré
transmitted through the bloodstream.

Organisms that produce hemotoxins include:

. Pit vipers, such as rattlesnakes

. Necrotoxins cause necrosis (i.e., death) in thes céhey
encounter and destroy all types of tissue [citatioeeded].
Necrotoxins spread through the bloodstream [ciatieeded]. In
humans, skin and muscle tissues are most sengitivecrotoxins
[citation needed].

Organisms that possess necrotoxins include:

. The brown recluse or "fiddle back" spider

. The "Puff Adder" Bitis arietans

. Necrotising fasciitis (the "flesh eating" bacteria)

. Neurotoxins primarily affect the nervous systemarmmals.

Organisms that possess neurotoxins include:

. The Black Widow and other widow spiders
. Most scorpions
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. The box jellyfish
. Elapid snakes
. The cone Snalil

Cytotoxins are toxic at the level of individual lsgleither in a non-
specific fashion or only in certain types of livioglls:

. Ricin is a plant toxin found in the castor beampla

. Apitoxin, the honey bee venom.

. Mycotoxins are toxins produced by fungi. They areommmon
source of toxins in grains and other foods.

. Eosinophil derived neurotoxin is a toxin found umian encoded

by the RNASE gene. it is found only in eosinophils.
5. Toxicology of Plastics

A plastic material is any of a wide range of synthetic or isgynthetic
organic solids that are mouldable. Plastics areicéfly organic
polymers of high molecular mass, but they often taon other
substances. They are usually synthetic, most cortymiberived from
petrochemicals, but many are partially natural.

Due to their insolubility in water and relative ohieal inertness, pure
plastics generally have low toxicity. Some plagtioducts contain a
variety of additives, some of which can be toxicor Fexample,

plasticisers like adipates and phthalates are @itieled to brittle plastics
like polyvinyl chloride to make them pliable enou@ir use in food

packaging, toys, and many other items. Traces edgeltompounds can
leach out of the product. Owing to concerns over éffects of such
leachates, the European Union has restricted theotiDEHP (di-2-

ethylhexyl phthalate) and other phthalates in s@apglications. Some
compounds leaching from polystyrene food containkesre been

proposed to interfere with hormone functions arel aurspected human
carcinogens.

Whereas the finished plastic may be non-toxic, tft@omers used in
the manufacture of the parent polymers may be tdricsome cases,
small amounts of those chemicals can remain trappetie product
unless suitable processing is employed. For exanipéeWorld Health
Organization's International Agency for ResearclCancer (IARC) has
recognised that vinyl chloride, the precursor to(RPVas a human
carcinogen.
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6. Toxicology of Hydrocarbons

Hydrocarbons are a heterogeneous group of orgabistances that are
primarily composed of carbon and hydrogen moleculégy are quite
abundant in modern society. Hydrocarbons from wtook hydrogen
atom has been removed are functional groups, cdillettocarbyls.
Aromatic hydrocarbons (arenes), alkanes, alkengslo@lkanes and
alkyne-based compounds are different types of loattions. The
majority of hydrocarbons found naturally occur iruade oil, where
decomposed organic matter provides an abundanceadfon and
hydrogen which, when bonded, can catenate to feemsagly limitless
chains.

Some of the most commonly ingested hydrocarbonkidecgasoline,
lubricating oil, motor oil, mineral spirits, lightdluid/naphtha, lamp oil,
and kerosene. Other common sources of hydrocarbmisde dry

cleaning solutions, paint, spot remover, rubberemmand solvents. In
addition, many volatile substances that contairrdwarbons (e.g., glue,
propellants) are commonly abused for their eupheifiects.

Hydrocarbons can be classified as being aliphatieyhich the carbon
moieties are arranged in a linear or branched chaimaromatic, in
which the carbon moieties are arranged in a ringlogenated
hydrocarbons are a subgroup of aromatic hydrocaskarwhich one of
the hydrogen molecules is substituted by a halagewp. The most
important halogenated hydrocarbons include carbetradhloride,
trichloroethylene, tetrachloroethylene, trichlotwate, chloroform, and
methylene chloride.
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Fig. 3.1: Many Types of Substances Pollute the Wate
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The hydrocarbons can be derived from either patroleor wood.
Petroleum distillates include kerosene, gasolimel maphtha, whereas
wood-derived hydrocarbons include turpentine amgk @mil. The length
of the chains as well as the degree of branchingriaéne the phase of
the hydrocarbon at room temperature; most aredjdout some short-
chain hydrocarbons (e.g., butane) are gas at reompdrature, whereas
other long-chain hydrocarbons (e.g., waxes) areidse@it room
temperature.

Toxicity from hydrocarbon ingestion can affect matifferent organs,
but the lungs are the most commonly affected orddre chemical
properties of the individual hydrocarbon deterniime specific toxicity,
while the dose and route of ingestion affect whoogyans are exposed to
the toxicity. Unlike the aromatic or aliphatic hpdarbons, the
halogenated hydrocarbons tend to cause a widee rangxicity.

The recreational use of inhaling hydrocarbons arkero volatile
solvents for the purposes of creating a euphorests becoming
increasingly common. Several methods are used g &abuse,
including "sniffing" (directly inhaling vapours),htffing" (placing a
hydrocarbon-saturated rag over the mouth and noddheen inhaling),
or "bagging" (inhaling via a plastic bag filled Wwithydrocarbon
vapours).

The majority of hydrocarbons found naturally ocourcrude oil, where
decomposed organic matter provides an abundanceadfon and
hydrogen which, when bonded, can catenate to feemsagly limitless
chains.

Human health effects of pesticides

Perhaps the largest regional example of pestica#@amination and

human health is that of the Aral Sea region. UNE®98) linked the

effects of pesticides to "the level of oncologi(zncer), pulmonary and
haematological morbidity, as well as on inborn deifities and immune
system deficiencies".

Human health effects are caused by:

Skin handlin¢ of pesticid¢ product:
contact:

Inhalation breathin¢of dus or spray

Ingestion pesticides consumed as a contaminant on/in food g
water.

=

The ecologicaéffectsof pesticides (and other organic contaminants) are
varied and are often inter-related. Effects atdiganism or ecological
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level are usually considered to be an early warmdgator of potential

human health impacts. The major types of effeatsliated below and
will vary depending on the organism under invesiggaand the type of
pesticide. Different pesticides have markedly défe effects on aquatic
life which makes generalisation very difficult.

The important point is that many of these effecéscronic (not lethal),
are often not noticed by casual observers, yet bausequences for the
entire food chain. Some of these include:

I. Death of the organism.
il. Cancers, tumours and lesions on fish and animals.
iii. Reproductive inhibition or failure.

V. Suppression of immune system.

V. Disruption of endocrine (hormonal) system.

Vi. Cellular and DNA damage.

vii. Teratogenic effects (physical deformities suchaskkd beaks
on birds).

viii.  Poor fish health marked by low red to white bloal catio,
excessive slime on fish scales and gills, etc.

iX. Intergenerational effects (effects are not apparemitil
subsequent generations of the organism).

X. Other physiological effects such as egg shell thopn

These effects are not necessarily caused soleéxpgsure to pesticides
or other organic contaminants, but may be assatiateth a

combination of environmental stresses such as m@utation and

pathogens. These associated stresses need notrgee tta have a
synergistic effect with organic micro pollutants.

Ecological effects of pesticides extend beyondvidial organisms and
can extend to ecosystems.

4.0 CONCLUSION
In this unit, we have discussed common organicupatits such as

benzene, oleum, hydrocarbons, toxins and plasiés.identified the
toxicological implications of most organic matesiaround man.
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5.0 SUMMARY

In this unit, we have explained classification ofganophosphate
poluttants. Classification of organophosphorus commols based on
their oxidative states:

. derivatives of phosphorus (V),
. derivatives of phosphorus (lIl), which are the mnedhant
classes of compounds.

Public health classification of organophosphates igerse: e.g.

I. Pesticides including malathion, parathion, diazint@mthion,
dichlorvos, chlorpyrifos, ethion , tribufos [DEFherphos

. Nerve Gases including soman, sarin, tabun, VX

iii. Ophthalmic agents: echothiophate, isoflurophate

V. Antihelmintics such as trichlorfon

Toxicology of other Organic Toxicants
1. Organophosphate pollutant toxicity:

Organophosphate pesticides (as well as sarin andn¥ixe agent)
irreversibly inactivate acetylcholinesterase, whishessential to nerve
function in insects, humans, and many other animals

2. Toxicology of Volatile organic compounds (VOC)
Examples of VOC toxicity include:

I. Formaldehyde carcinogenesis is a high- dose phemomwith a
determining role for cytolethality. This may alse lbrue for
acetaldehyde carcinogenesis.

. Benzene is a human carcinogen at high haemotoxposexe
levels.

iii. Hexane concentrations are orders of magnitude lothan
exposure levels associated with clinically overdnopathy.

V. Oleum inhaled. The degree and severity of respiyattfects are
influenced by factors such as the physical statearticle size
of the aerosol, deposition site, concentration laundidity.

V. Toxins causes Neurotoxins

Vi. Plastics: World Health Organization's Internatiodgency for
Research on Cancer (IARC) has recognised that whidride,
the precursor to PVC, as a human carcinogen.

vii.  Toxicity from hydrocarbon ingestion can affect madhijferent
organs, but the lungs are the most commonly affiectgan.
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6.0 TUTOR-MARKED ASSIGNMENT

1. What are organic pollutants?
2. Identify five organic pollutants.
3. State the effects of four organic pollutants.
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1.0 INTRODUCTION

In Unit 2 of this Module, we discussed organic coonpds, some are
useful group of chemicals which in turn producesdity to man. In this

unit, we will discuss a group of contaminants teabrmously worry

environmentalists.

Almost all metals can produce toxicity when theg bBeing exposed to
in sufficient quantities, but there are severakahthat produce toxicity
at such low concentrations. Some of these incliebed, mercury, iron,
copper, manganese, cadmium, arsenic, nickel, aluminsilver and

beryllium.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain what a heavy metal is

. give a historical and public health importance @iy metals
. give sources and examples of heavy metals

. explain the toxicity of the metals.
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3.0 MAIN CONTENT

3.1 Meaning of Heavy Metal

A heavy metal is a member of a loosely defined subgelements that
exhibit metallic properties. It mainly includes thiansition metals,
some metalloids, lanthanides, and actinides. Mafigrdnt definitions

have been proposed - some based on density, soateric number or
atomic weight, and some on chemical propertiesoaicity (Duffus,

2002).

In medical usage, heavy metals are loosely defametlinclude all toxic

metals irrespective of their atomic weight: "Heamgtal poisoning” can
possibly include excessive amounts of iron, manggana&luminium,

mercury, cadmium, or beryllium (the fourth lightedément) or such a
semimetal as arsenic. This definition excludes bitimthe densest of
approximately stable elements, because of its toueity.

The term heavy metal has been called a "misinta&poa” in an IUPAC

technical report due to the contradictory defimtoand its lack of a
"coherent scientific basis" (Duffus, 2002). Thesean alternative term
toxic metal, for which no consensus of exact d&bni exists either.
Depending on context, heavy metal can include ettsnkghter than
carbon and can exclude some of the heaviest meteds:y metals occur
naturally in the ecosystem with large variationsconcentration. In
modern times, anthropogenic sources of heavy meials pollution,

have been introduced to the ecosystem. Heavy meiats be a
dangerous good (that is a hazardous material).

3.1.1 Historical Importance of Heavy Metals

While the toxic effects of these substances aredaspread concern in
the modern industrial context, man has succeedgwdisoning himself
with them repeatedly throughout recorded history.

One historian/toxicologist contends that the fdlittee Roman Empire
was hastened by the chronic lead poisoning expexteiy the ruling
classes who had water conducted through lead phgrdnd drank wine
from goblets which had lead/alloy composition.

The heightened concern for reduction of environmlepbllution that

has been occurring over the past 20-25 years Ilraslated active
continuing research and literature on the toxicplogheavy metals.
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3.2 Common Sources of Heavy Metals

Heavy metal pollution can arise from many souragsniost commonly
arises from the purification of metals, e.g., theeking of copper and
the preparation of nuclear fuels. Electroplatinghis primary source of
chromium and cadmium. Through precipitation of th@dmpounds or
by ion exchange into soils and muds, heavy metiltants can localise
and lay dormant.

3.3 Examples of Heavy Metals

Within the European community, the eleven elemehtighest concern
are arsenic, cadmium, cobalt, chromium, coppercurgr manganese,
nickel, lead, tin, and thallium.

3.4 Public Health Importance of Heavy Metals

Motivations for controlling heavy metal concentoss in gas streams
are diverse. Some of them are dangerous to heatthtbe environment
(e.g. mercury, cadmium, lead, chromium), some neyse corrosion
(e.g. zinc, lead), some are harmful in other wagg.(arsenic may
pollute catalysts). The emissions of heavy metasregulated in waste
incinerators. Some of these elements are actualtgssary for humans
in minute amounts (cobalt, copper, chromium, maagannickel) while
others are carcinogenic or toxic, affecting, amatigers, the central
nervous system (manganese, mercury, lead, arsdredijdneys or liver
(mercury, lead, cadmium, copper) or skin, bones,temth (nickel,
cadmium, copper, chromium).

Unlike organic pollutants, heavy metals do not geaad thus pose a
different kind of challenge for remediation. Curtgn plants or

microorganisms are tentatively used to remove sbeaxy metals such
as mercury. Plants which exhibit hyper accumulatiam be used to
remove heavy metals from soils by concentratingntha their bio

matter. Some treatment of mining tailings has asxlrwhere the
vegetation is then incinerated to recover the heastals.

One of the largest problems associated with thsigtence of heavy
metals is the potential for bioaccumulation and niagnifications
causing heavier exposure for some organisms thamresent in the
environment alone. Coastal fish (such as the smoo#dlfish) and
seabirds (such as the Atlantic Puffin) are oftennitooed for the
presence of such contaminants.

Minamata disease results from mercury poisoning, iai-itai disease
from cadmium poisoning.
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Heavy metals in a hazardous materials (or "haznsattjng are for the
most part classified in "Misc.” on the UN model &at class, but they
are sometimes labelled as a poison when beingpivaies!.

3.5 Toxicological Implications of Heavy Metals

Living organisms require varying amounts of "heawetals". Iron,
cobalt, copper, manganese, molybdenum, and zincregaired by
humans. Excessive levels can be damaging to tlenmrg. Other heavy
metals such as mercury, plutonium, and lead ane toetals that have
no known vital or beneficial effect on organismsgdheir accumulation
over time in the bodies of animals can cause sgrithoess. Certain
elements that are normally toxic are, for certaigaaisms or under
certain conditions, beneficial. Examples includena@dium, tungsten,
and even cadmium.

3.5.1 Toxicokinetics of Heavy Metals

Man is commonly exposed to the heavy metals thranghalation or
ingestion of contaminated food or water. The fdtheavy metals in the
body depends on their chemistry, dosage and sitemetabolism or
storage.

3.5.2 Toxicodynamics of Heavy Metals

In general, heavy metals produce their toxicityfdayning complexes or
“ligands" with organic compounds. These modifiealdgical molecules
lose their ability to function properly, and resumtmalfunction or death
of the affected cells. The most common groups wewlin ligand

formation are oxygen, sulphur, and nitrogen. Whetats bind to these
groups they may inactivate important enzyme syst@maffect protein

structure.

3.5.3 Toxicity Implications of Some Heavy Metals

1. Arsenic

Arsenic can produce all three types of toxicitydd#terence dosages,
acute, sub-acute, and chronic. One sign of acytesexe is oedema of
the eyelids, and gastrointestinal irritation, andthb central and
peripheral neuropathies frequently occur. Duringoanlt intoxication

"garlic breath", skin sensitivity, dermatitis, arkratitus frequently
occur. All types of arsenic exposure can causegyicaind liver damage,
and in the most severe exposure there is erytreotyptemolysis.
Chelator used iBimercaprol.
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2. Lead

Following ingestion of a large amount of lead, &heill be direct tissue
interaction. This includes tissue desiccation, nsatdissue damage in
the GI tract, and convulsion possibly resulting death. The most
sensitive system is the hematopoietic (blood foghisystem, with
hypochromic microcytic anemia common. The biosysihef hemes in
general is deranged by the presence of lead. Alledg dividing cells
are especially susceptible; hence acute intoxicdti@s major potential
for GI and renal mucosal damage. In addition thera high risk of
neurological damage. With acute lead poisoning ofentravenous
EDTA is the preferred treatment modality, often@emented with oral
penicillamine, and sometimes with intramuscular eatipns of
dimercaprol.

In chronic lead intoxication:

With a gradual build-up of a positive lead balance
there is no sudden onset of symptoms as seen with
acute poisoning. The initial symptoms include
clumsiness, ataxia, vertigo, irritability and insam In
affected children, they are often considered "s|aw&

real basis for the difficulty is not recognized. #&se

lead levels rise, hyper-excitability is seen. Candu,
delerium and convulsions may occur in some cases,
while in others there is progressive lethargy legdnp

a comatose state.

One of the earliest diagnostic signs present isafhygearance of "lead
lines" at the gingival border in the mouth. Thi<wes because the lead
following calcium pathways is secreted with theivgal It then is
involved in a reaction with oral bacteria which guce sulphides. The
lead reacts with these compounds to form a purplistblack lead
sulphide deposit which precipitates in the regiofi leighest
concentration, the "protected area" at the gingb@aber. Other metals
also produce this phenomenon, but with differindouss for the
deposit.

Toxicity from inorganic lead can be treated witrelettors, but organic
lead compounds such as tetra-ethyl lead producessinalar
symptomology, but cannot be treated with these tagbacause they
already have formed strong ligands with their orgaonstituents. The
alkyl lead eventually is converted to inorganicdeahich can be treated
with the chelators.
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3. Mercury

Organic or inorganic mercury can both precipitatetgan in a local

reaction. In the Gl tract, acute poisoning produgesoughing away of
the mucosa to an extent where pieces of the intdsthucosa can be
found in the stools. This produces a large lostuads and electrolytes.
Mercury also breaks down barriers in the capiliri€his results in
oedema throughout the body. A range of neurolodirdctities are also
common. These include lethargy (at low doses), temx@nt, hyper-

reflexia, and tremor.

In chronic toxicity, often a psychotic state remgt in hyper-

excitability. The expression '‘Mad as a Hatter' ioates from the hat-
makers of the 19th century who were chronicallycsqu to mercury
compounds used in making felt hats. The CNS effaoésslowing or
incompletely reversible. In chronic intoxicatioretk is mercury line at
the gingival border similar to the "lead line". Mary is especially
poisonous to rapidly growing tissue. A common dfieaeterioration of
alveolar bone in the jaw, with a subsequent loogenf the teeth. There
are also substantial liver and kidney toxicity hesma of mucosal
degeneration.

Mercury can be chelated in the peripheral tissuéd EDTA and
penicillamine. Even though the plasma levels canrdxduced very
efficiently, mercury forms alkyl ligands in thegises. This is especially
persistent in CNS tissue. Recovery from mercunggang can require
months or years even with efficient chelator tresitm and is often
incomplete.

4, Manganese

This heavy metal is frequently associated with ideposits, and in fact
the strata underlying Conception Bay providing thasis for the
Wabana mines has very rich manganese contentniétal is known to
block Calcium channels, and with chronic intoxioatiresults in CNS
dopamine depletion. This latter condition duplisat@imost all the
symptomology of Parkinson's disease, and is treatddsome success
using typical anti-Parkinson drugs. While the conaion in the
surface water does not exceed official public lmeaihits, it is in the
high range of acceptable levels. It would be irdeng to see if the
epidemiology of Parkinson‘s syndrome in that ldgais different from
regions in the province with lower manganese coinagans.
Manganese excretion can be facilitated by the d@isshelator therapy,
but it is not as easily managed as lead or merdeygause it is further
down the list of chelator affinities.
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3.5.4 General Treatment of Heavy Metal Poisoning

Chelators are the class of compounds which are insé treatment of
heavy metal intoxication. A chelator is a flexibteolecule with two or

more electronegative groups that can form stablerdmate covalent
bonds with cationic metal atoms. The complexestlaea excreted by
the body. The efficacy of a chelator is determimegart by the number
of ligands available for metal binding, in genetfa greater number of
ligands, the more stable the chelator-metal comgdepending on the
number of metal-ligand bonds, the chelator is desred as mono- bi- or
polydentate. The chelator ligands include groumhsas -OH, -SH, or -
NH.

Adversely, chelators are relatively non-specific@she metal ions they
isolate, hence they also slurp up things like cafcand zinc which are
vital for normal physiological function.

Some common chelators include:
1. Dimercaprol

It is a bidentate colourless oily liquid with thdaur of rotten eggs. It is
used in the treatment of lead and mercury into)ooat as well as
arsenic. It is far from innocuous, producing freguside effects of
hypertension and tachycardia, as well as headawheea, vomiting,
lacrimation, salivation, parathesia, and pain.sltgenerally given by
intramuscular injection.

The rationale for its use in arsenic poisoning Wwased on the fact that
arsenic binds quite specifically to sulfur groupsthe affected tissues.
Dimercaprol has very active and relatively non-tostilphhydryl groups
that interact with the arsenic to inactivate it.

2. Ethylenediamine-Tetra-Acetic Acid orEDTA

It is the most widely used chelator. It works wefi many metals, the
most notable of which are calcium, magnesium ardl.l&EDTA has
relatively low toxicity, the major toxic responseibg impaired renal
function. The action of EDTA is non-specific chalgt many metals,
but is especially valuable in treatment of leadxntation.
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3. Penicillamine

It is the only important chelator which can be adistered orally. It is
prepared by hydrolytic degradation of penicillindaonly the D-isomer
is recommended for clinical use. It is an effectoreslator of copper,
mercury, lead, and zinc promoting their excretiorthe urine, ligands
forming with the sulphydryl, amine, and possibly tbarboxyl group.
The major toxicity is related to inhibition of pgoxal dependent
enzymes, and it is usual to supplement patientd witridoxine to
compensate for this effect.

Penicillamine is often used in conjunction with E®T0 treat lead and
mercury intoxication, especially because of thel administration

property.
4. Deferoxamine

It is a very specific naturally occurring chelattiris synthesized by a
streptomyces organism, and has a specific highmigfffor iron, with
virtually no effect on calcium and magnesium. Ithe agent of choice
for treatment of iron intoxication, which mainly@as in small children
who get into their parents supplement pills. Fldiwn acute iron
intoxication can produce Gl damage, with convulsiand coma. Since
the mortality for untreated severe iron intoxicatie about 50%, and the
use of deferoxamine in these types of cases predsgnificant
increases in survival, it is an important and ulséfug. It is also used in
the treatment of relatively rare iron storage digor analogous to
Wilson's disease.

4.0 CONCLUSION

In this unit, we have studied about the outcomeshefpresence and
interactions of toxic metals in the environment apdnciples of
treatment. Heavy metals are toxicologically impottas they interact
with the living systems which in turn determineithiate in the body
without changing the metals.

In the next unit, you will study the toxicology i@dioactive materials.
50 SUMMARY

In this unit, we have discussed:

. meaning of heavy metal
. historical importance of heavy metals
. common sources of heavy metals
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. examples of heavy metals

. public Health Importance of heavy metals
. toxicological Implications of heavy metals
a. Toxicokinetics of heavy metals
b. Toxicodynamics of heavy metals
C. Toxicity of some heavy metals e.g. Arsenic, Lead,
Mercury and Manganese.
. general treatment of heavy metal poisoning.

Some common chelators include:

I. Dimercaprol

. Ethylenediamine-tetra-acetic acid or EDTA
iil. Penicillamine

V. Deferoxamine.

6.0 TUTOR-MARKED ASSIGNMENT

What are heavy metals?

Enumerate four health importance of heavy metal.
List five heavy metals in Nigeria.

What are chelators?

o
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1.0 INTRODUCTION

In Unit 3, you studied the toxicology of heavy nigtahich were found
to be toxic. In this unit, you will study about tlsibstances that
produce harmful nuclear particles (radiationshi@ énvironment.

Radioactivity refers to the particles which are i from nuclei as a
result of nuclear instability. The most common typd radiation are
called alpha, beta, and gamma radiation, but tlaeee several other
varieties of radioactive decay.

Radioactive decay rates are normally stated indeasfrtheir half-lives,
and the half-life of a given nuclear species iatesd to its radiation risk.
Radioactive wastes are wastes that contain radieactnaterial.
Radioactive wastes are usually by-products of rmugb@wer generation
and other applications of nuclear fission or nucteahnology, such as
research and medicine.
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Radioactive material is hazardous to most formslifgf and the
environment, and you are to understand the basicdlogy of these
materials in order to protect human health andetheronment.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. define radiation, radioactivity and radioactive enl
. identify the types of radiation

. state the importance of radiation

. explain the basic toxicology of radiation

. explain how to control radiation toxicity.

3.0 MAIN CONTENT

3.1 What are Radiations and Radioactive Materials?

From our knowledge of physics, radiation is a psscen which
energetic particles or energetic waves travel tipnoas medium or space.
The particles or wavesdiate (i.e., travel outward in all directions)
from a source. The element or material that hasathkty to produce
radiation is called radioactive element or material

Radioactive material or waste typically comprises namber of
radioisotopes: unstable configurations of elemémds decay, emitting
lonising radiation which can be harmful to humand the environment.
Those isotopes emit different types and levelsanliation, which last
for different periods of time.

lonising electromagnetic radiation is that for whihe photons making
up the radiation have energies larger than abouwtldé€tron volts. The
ability of an electromagnetic wave (photons) toisenan atom or
molecule thus depends on its frequency, which detes the energy of
a photon of the radiation. Energy of 10 eV is abbix10*® joules,
which is a typical binding energy of an outer electto an atom or
organic molecule. This corresponds with a frequeoty2.4x13° Hz,
and a wavelength of 125 nm (this is in far ultrdetp

3.2 Types of Radiation
Two types ofradiation are commonly differentiated in the way they

interact with normal chemical matter: ionising amgbn-ionising
radiation.
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a. lonising radiations: The radiations have sufficient energy to
jonise an atom or cell. Examples: x-rays, gammas.ray

3.3

3.4

Conventionally considered to have no completelye slafwer
limit. Radiation on the short-wavelength end of the
electromagnetic spectrum, and above 125 nm, isimi This
includes extreme ultraviolet, x-rays, and gamma.ray

Ultraviolet radiations: In the middle (have some features of
both ionising and non-ionising radiation). They datealth
effects more than just heating effects (an exansgeinburn)
Non-ionising radiation e.g. microwaves, radio wavheat or
visible light. Usually considered to have a satedolimit.

Sources of lonising Radiation

lonising radiation comes from radioactive materialsay tubes,
particle accelerators, and is present in the enment. It is
invisible and not directly detectable by human ssnsso
instruments such as Geiger counters are usuallyrezfjto detect
its presence. In some cases, it may lead to seppedassion of
visible light upon interaction with matter, as inh&enkov
radiation and radioluminescence.

Electromagnetic radiation (sometimes abbreviatedREENakes
the form of self-propagating waves in a vacuunnomatter. EM
radiation has an electric and magnetic field congmbrwhich
oscillate in phase perpendicular to each othertaride direction
of energy propagation.

Electromagnetic radiation is classified into typesording to the
frequency of the wave, these types include (in modéncreasing
frequency): radio waves, microwaves, terahertz atamh,
infrared radiation, visible light, ultraviolet radion, x-rays and
gamma rays. Of these, radio waves have the longesatlengths
and gamma rays have the shortest. A small window of
frequencies, called visible spectrum or light,essed by the eye
of various organisms.

Radioactive Decay

The radioactive elements decay, i.e., lose thdiviac with time. The
decay is measured in half-life, i.e., the time iegplifor the radioactivity
to reduce to half. The half-life of some of themeémts is shown below:

Element Half-life
Uraniun-23& Billions of year:
Carbor-14 573(year:
Strontiun-9C 28 year: (beta
Ce-137 30.2year:
Cc-6C 5.27year:
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As the half-life of these and other radioactivenedats are very long,
contaminated areas, e.g., due to detonation ofty lbomb, need to be
cleaned or abandoned.

3.5 Importance of Radiation

3.5.1 Uses of Radiations

I. In medicine, radiation and radioactive substanaesused for
diagnosis, treatment, and research. Small amodrgsroe types
of ionising radiation might confer a net health &nin some
situations, is called radiation hormesis.

. In communication, all modern communication systerss forms
of electromagnetic radiation as a radio wave orrowave by
making the wave vary to correspond variations ebice.

ii. Researchers use radioactive atoms to determineagjee of
materials that were once part of a living organi@nradiocarbon
dating.

V. Environmental scientists use radioactive atoms knaw tracer
atoms to identify the pathways taken by pollutaht®ugh the
environment.

V. Radiation is used to determine the composition afemals in a
process called neutron activation analysis.
Vi. Radiation is also useful in construction.

Other uses include:

I. Generate electricity

. Power for desalination plants
ii. Power for spacecrafts

V. Power for ocean vessels

V. Wear testing (auto-engines, tires)

Vi. Thickness gauges

vii.  Sterilisation of pharmaceutical and medical prosluct
viii.  Radioimmunoassay

IX. Medical diagnosis

X. Synthesis of new elements

Xi. Chemical analysis (by neutron activation)

xii.  Sterilisation of insects

xiii.  Preservation of food

xiv.  Smoke detectors

Xv.  Bomb detectors at airports

xvi.  Manufacture of semiconductors

xvii. Manufacture of radioisotopes

xviii. Radio-dating

xiX.  Inspecting welds/joints and explore for oil.
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3.5.2 Hazards of Radiations

a.

Both ionising and non-ionising radiation can be niiat to
organisms and can result in changes to the nadmsafonment.
Exposure to radiation causes damage to living eéiseesulting in
skin burns, radiation sickness and death at higlesland cancer
(Kwan-Hoong, 2003), other tumours and genetic daratgow
doses.

In general, ionising radiation is far more harmtol living
organisms per unit of energy deposited than norziog
radiation, since the ions that are produced bysiagiradiation,
even at low radiation powers, have the potentiatdauose DNA
damage.

Most non-ionising radiation is harmful to organisrasly in
proportion to the thermal energy deposited, armbrs/entionally
considered harmless at low powers which do not ywed
significant temperature rise.

Ultraviolet radiation has power to alter chemicaints, even
without having quite enough energy to ionise atoms.

3.6 Classification of Hazardous Radioactive Elements

(Radionuclides)

Based on relative hazard potential, hazardous aatiiee elements are
classified as:

1.

123

Very High Hazard Potential (HAZARD CLASS I)

Sr-90, Pb-210, Po-210, At-211, Ra-226, Ac-227, PB;2Th-
229, Th-230, Th-231, U-233, Pu-238, Pu-239, Am-ZZh;-242,
Cf-252, other transuranic nuclides.

High Hazard Potential (HAZARD CLASS II)

Ca-47, Fe-59, Co-60, Sr-85, Sr-89, Y-91, Ru-106,104, Cd-
115, 1-125, 1-131, Ba-140, Ce-144, Sm-151, Eu-1B@;154,
Tm-170, Hg-203, Bi-207, Th-232, natural thorium, tural
uranium.

Moderate Hazard Potential (HAZARD CLASS IlI)

Na-22, Na-24, P-32, P-33, S-35, CI-36, K-42, Ca8646, Sc-
47, Sc-48, V-48, Mn-56, Fe-55, Co-57, Co-58, Ni-N863, Cu-
64, Cu-67, Zn-65, Ga-67, Ga-68, Ga-72, As-74, AsB1682,
Kr-85, Rb-84, Rb-86, Y-90, Zr-95, Nb-95, Mo0-99, 96; Rh-
105, Pd-103, Ag-105, Ag-111, Sn-113, Te-127, Te;12832,
Xe-133, Cs-137, La-140, Pr-143, Pm-147, Ho-166,1d; Ta-
182, W-181, Re-183, Ir-190, Ir-192, Pt-191, Pt-188;196, Au-
198, Au-199, TI-200, TI-202, TI-204, Pb-203, Hg-197

Low Hazard Potential (HAZARD CLASS V)

H-3, Be-7, C-14, F-18, Cr-51, Ge-68, Ge-71, Sr-871w-,99m,
In-111, TI-201.



3.7 Toxicokinetics

Depending on the decay mode and the toxicokinedfcan element
(how the body processes toxicants and how quickhg,threat due to
exposure to a given activity of a radioisotope wliffer. The shorter a
radioisotope's half-life, the more radioactive enpke of it will be. The
longer the half-life, the lesser the toxicity dmidium element.

For instance iodine-131 is a short-lived beta aathma emitter, but
because it concentrates in the thyroid gland, ine able to cause
injury than caesium-137 which, being water soludaapidly excreted
in urine. In a similar way, the alpha emitting aaes and radium are
considered very harmful as they tend to have laopgical half-lives
and their radiation has a high relative biologeféctiveness, making it
far more damaging to tissues per amount of enegppsited. Because
of such differences, the rules determining biolaginjury differ widely
according to the radioisotope, and sometimes disonature of the
chemical compound which contains the radioisotope.

3.8 Toxicodynamics of Radiation

There are two components of toxicity to humans @thér organisms in
radioactive materials or waste:

I. the radiation it emits
. the parent or daughter elements, which themseke$e toxic
for "chemical" reasons.

Radiation with sufficiently high energy can ioniatoms. Most often,
this occurs when an electron is stripped (or "kmakclout") from an

electron shell, which leaves the atom with a netitpee charge. An

individual cell is made of trillions of atoms. Berse cells and more
importantly the DNA can be damaged, this ionisatiam result in an
increased chance of cancer. The probability ofsiogi radiation causing
cancer is dependent upon the absorbed dose oAdietion, as adjusted
for the damaging tendency of the type of radia{equivalent dose) and
the sensitivity of the organism or tissue beingdrated (effective dose).
In humans it has been calculated that a 5 sievss® @s usually fatal,
and the lifetime risk of dying from radiation-incdeet cancer from a
single dose of 0.1 sieverts is 0.8%, increasinghigysame amount for
each additional 0.1 sievert increment of dosagaisiog radiation

causes deletions in chromosomes. If a developiggrasm such as an
unborn child is irradiated, it is possible a bidéfect may be induced,
but it is unlikely this defect will be in a gamebe a gamete-forming
cell. The incidence of radiation-induced mutatioms humans is

undetermined, due to flaws in studies done to date.
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Roughly speaking, photons and particles with emesrgibove about 10
electron volts (eV) are ionising. Alpha particlégta particles, cosmic
rays, gamma rays, and X-ray radiation all carryrgynénigh enough to
jonise atoms. In addition, free neutrons are atsusing, since their
interactions with matter are inevitably more enéogethan this

threshold.

Most of the ultraviolet spectrum (which begins ab@nergies of 3.1 eV
(400 nm) is non-ionising, but is still biologicallyazardous due the
ability of single photons of this energy to causecgonic excitation in
biological molecules, and thus damage them by mednsnwanted
reactions. An example is formation of pyrimidinengrs in DNA. This
property gives the ultraviolet spectrum some ofdaeagers of ionising
radiation in biological systems, without actualigation occurring.

In contrast, visible light and longer-wavelengtheafomagnetic
radiation, such as infrared, microwaves, and radives, consists of
photons with too little energy to cause damagindedar excitation,
and thus this radiation is far less hazardous pgrofi energy.

3.9 Management of Radioactive Toxicity

3.9.1 Control of Radioactive Toxicity

Radioactivity diminishes over time, so waste isi¢gjly isolated and
stored for a period of time until it no longer pssehazard. The period
of time waste must be stored depends on the typaste.

Low-level waste with low levels of radioactivity penass or volume
(such as some common medical or industrial radw@aavastes) may
need to be stored for only hours, days, or monitsle high-level
wastes (such as spent nuclear fuel or by-produdtsnuclear
reprocessing) must be stored for thousands of years

Current major approaches to managing radioactiatenNzave been:
I. segregation and storage for short-lived wastes
. near-surface disposal for low and some intermetkatd wastes

ii. deep burial or transmutation for the long-live@yHievel wastes.

The symbols below are used to alert the presencadadactive material
or hazard:
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Fig. 3.2: 2007 ISO Radioactivity Danger Logo

Fig. 3.3: International Radioactive Waste Hazard Sgnbol featuring
the Trefoil Design

3.9.2 Treatment of Radioactive Materials or Wastes

According to Professor Ken Rubin, radiation emitied function of the
amount of a radioactive isotope present, its hedf-dnd the type of
radioactive particle(s) it emits. It is typically omre toxic at high
concentrations (i.e., 1 gram of pure Tritium is siderably more toxic
than 1 gram of Tritium dispersed in 1,000,000 $itoé water). Thus, one
"treatment” for nuclear waste put back into theigmment is simple
dilution. This is not a common technique for higivél waste.

The toxicity of a radioactive isotope is very degent on the type of
particle it emits and the rate at which it emit@liese are decay pathway
and half-life). These important aspects of radragmitted from various
radioactive materials cannot be changed; theyrdrerent to the nucleus
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that is decaying and cannot be "treated away". Wewdor many very

short-lived isotopes, an effective "treatment” @ dimply store the

material (safely) for as many half-lives as it taker the waste to be at
tolerable remnant radiation levels. This is tydicalone for isotopes

whose half-lives are considerablyless than say a month or so.

The chemical form of a radioactive element is agportant, in that this
determines how readily it can interact with enviremts and the
organisms they contain (and therefore, its ovemdicity). If material

can be somehow rendered chemically "inert", themilitnot distribute

itself throughout an organism or environment in abhit is placed,
minimising (but not eliminating) its toxicity (it M continue emitting

radiation from its chemically inert surface, itjesin't distribute itself as
easily). Some isotopes in waste material can beenasls toxic by
incorporating them into ceramic-type materials the¢ very stable in
some environments found on earth. It is believeat tinese hybrid
materials are so stable that by the time they ao&kem down by the
effects of various geological processes, the ratia material they
contained will be essentially gone.

It is not possible to completely neutralise radinecisotopes so that
they are harmless but it is possible to minimiseirthoxicity using a
combination of the techniques listed above. Certagatments, e.g.
nuclear reactor wastes, require potentially lengtdnyd expensive
chemical purification steps.

A summary of the amounts of radioactive wastes arahagement
approaches for most developed countries are pexbeand reviewed
periodically as part of the International Atomicegy Agency (IAEA)
Joint Convention on the Safety of Spent Fuel Mansge and on the
Safety of Radioactive Waste Management.

40 CONCLUSION

Radioactive materials are dangerous elements timd @on visible
particles that have the ability to knock off elecs in the atoms and
cells (DNA). Most unstable elements produce radratis they decay.

5.0 SUMMARY

Radiation is a process in which energetic particlegnergetic waves
travel through a medium or space. The particlewaresradiate (i.e.,
travel outward in all directions) from a source eTélement or material
that has the ability to produce radiation is calladioactive element or
material.
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Types of radiation

a. lonising radiations: The radiations have sufficiemiergy to
ijonise an atom or cell. Examples: x-rays, gamma.ray

b. Ultraviolet radiations:

C. Non-ionising radiation e.g. microwaves, radio wavesat or
visible light.

Sources of ionising radiation

I. lonising radiation comes from radioactive materixlsay tubes,
particle accelerators.

Electromagnetic radiation

The radioactive elements decay, i.e., lose thdirvigc with time. The
decay is measured in half-life, i.e., the time regplifor the radioactivity
to reduce to half.

Uses of radiations

In medicine, radiation and radioactive substancesiaed for diagnosis,
treatment, and research.

In communication, all modern communication systemse forms of
electromagnetic radiation as a radio wave or mien@vby making the
wave vary to correspond variations in the voice.

Researchers use radioactive atoms to determinagéef materials that
were once part of a living organism i.e. radiocaridating.

Environmental scientists use radioactive atoms knas/tracer atoms to
identify the pathways taken by pollutants through énvironment.

Radiation is used to determine the composition afemals in a process
called neutron activation analysis.

Radiation is also useful in construction
Hazards of Radiations

Both ionising and non-ionising radiation can benffait to organisms
and can result in changes to the natural envirohmen
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Classification of hazardous radioactive elements @lionuclides)
Based on relative hazard potential, they are:

I. Very High Hazard Potential (Hazard Class I) E.G968yPb-210.
. High Hazard Potential (Hazard Class li) E.G. CaH¥-59, Co-

60.

iii. Moderate Hazard Potential (Hazard Class lii) E.@22, Na-24,
P-32.

A Low Hazard Potential (Hazard Class Iv) E.G. H-3;B€-14, F-
18, Cr-51.

Toxicokinetics

Depending on the decay mode and the toxicokineadican element
(how the body processes toxicants and how quickhg,threat due to
exposure to a given activity of a radioisotope wliffer. The shorter a
radioisotope's half-life, the more radioactive enpke of it will be. The
longer the half-life, the less toxic e.g. Indiunerakent.

Toxicodynamics of Radiation

There are two components of toxicity to humans @thér organisms in
radioactive materials or waste:

I. the radiation it emits
. the parent or daughter elements, which themseke$e toxic
for "chemical” reasons.

In humans it has been calculated that a 5 sievert dose iallysiatal,
and the lifetime risk of dying from radiation-indect cancer from a
single dose of 0.1 sieverts is 0.8%, increasinghgysame amount for
each additional 0.1 sievert increment of dosagaisiog radiation
causes deletions in chromosomes. If a developiggrism such as an
unborn child is irradiated, it is possible a bidéfect may be induced,
but it is unlikely this defect will be in a gamebe a gamete-forming
cell. The incidence of radiation-induced mutatioms humans is
undetermined, due to flaws in studies done to date.

Current major approaches to managing radioactistenzave been:
I. segregation and storage for short-lived wastes

. near-surface disposal for low and some intermetkatd wastes
ii. deep burial or transmutation for the long-live@yHievel wastes.
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6.0 TUTOR-MARKED ASSIGNMENT

1. What is radiation?
2. How does radiation cause harm to man?
3. List four possible effects of radiations.
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1.0 INTRODUCTION

In Unit 5, we discussed certain substances thatooerlements that are
unstable and have ability to emit particles that icaturn destroy DNA,

cells, among others. These are exposed to manghrdidferent routes

but in the present unit we will discuss some sultsa ingested with
food and which may have adverse effect on the coassl

This unit is quite important in this era of fasofts proliferations where
operators do anything to attract and maintain ttestomers.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

define a food additive

classify and identify a food additive

state the uses of food additive

explain the toxicological importance of food adds
define food contaminants

classify food contaminants.
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3.0 MAIN CONTENT

3.1 What are Food Additives?

A food additive is a compound, or mixture of subses, that is added
to food to improve production, processing, storagackaging or
preparation. E.g. additives such as smoke, alcafégar, and spices
have been used for centuries to aid in the preservand flavour
enhancement of foods.

3.2 Classification and Uses of Additives

a. Intentional additives are added to serve some iomgtas to
provide nutrition, preserve freshness, improve sose@sory
quality, or aid in processing.

b. The unintentional additives are often those assetiavith the
production or storage of food, such as agricultpesticides and
packaging materials.

C. Synthetic additives e.g. quinoline yellow, sunysstow

d. Natural additives e.g. vinegar, spices

3.2.1 Uses of Additives

I. To improve colour, flavour, convenience and stgbili
. To improve nutritional quality of foods.
iii. To serve as antimicrobial agent to prevent foodqaing.

3.3 Highlights of Toxicology Recommendations

2002 Guidance by U.S. Department of Health and HunmaServices
(2006)

a. Safety Summary and Comprehensive Toxicological Prioé
(CTP). The safety information for a food contact notifioat
(FCN) should contain both a safety summary and a
comprehensive toxicological profile (CTP) of theodlb contact
substance (FCS) that is the subject of the notifina The safety
summary is Part Il of FDA Form 3480 and shouldvile the
basis for the notifier's determination that theemded use of the
FCS is safe. The CTP should provide summaries bfthal
available toxicological information pertinent to ethsafety
evaluation of the FCS. In some cases, a notifinati@y need to
include a CTP for a toxicologically relevant conhstnt of the
FCS. If a constituent of an FCS is carcinogenie, @TP in the
notification should include a quantitative risk essment.
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b. Safety Testing Recommendations for Food Contact
Substances (FCSs) and Their ConstituentsThis document
recommends safety testing of FCSs and their coesiis,
primarily based on a series of genetic toxicitytdesnd, when
studies justified by the exposure level, sub chordakicity. The
recommendations describe the minimum level of gafesting
generally considered appropriate at various ex@gssuFor an
initial or incremental exposure of an FCS at oslgmn 0.5 parts
per billion (ppb), no safety tests are recommendedr a
cumulative exposure between 0.5 ppb and 1 partnu#ion
(ppm), genetic toxicity tests and/or subchronic tstesre
recommended. At a cumulative exposure at or grethizn 1
ppm, FDA normally requires, under the authoritySafction 409
(h)(3)(B) of the Federal Food, Drug and Cosmetid, Abat a
food additive petition be submitted for the usaof~CS.

C. Evaluation of Structural Similarities to Known Toxicants. To
the extent feasible, knowledge in predicting pog&ntoxicity
based on structure/activity relationships may l®iporated into
the safety assessment of an FCS. Such informatanbe used
as part of an overall strategy for assessing tfetysaf an FCS or
to help interpret safety test results.

3.3.1 Toxicological Evaluation of Some Food Addities

Safety evaluation for a food additive involves gasig the additive to a
Concern Level (i.e., low (I), intermediate (II) or high (lll)) ls@d on

information on the additive's toxicological potemtpredicted from its
chemical structure (i.e., low (A), intermediate (B) high (C)) and an
estimation of cumulative human exposure. The adghtievaluated and
their uses include:

a. Quinoline  yellow (disodium 2-(1,3-dioxo-2-indanyg)8-
quinolinesulphate) is a synthetic, yellow food emiog. Osman
et al. (2002)5 reported that quinoline yellow could inhibit both
true (acetyl) and pseudo (butyryl) cholinestera@eH) enzymes
in human erythrocytes and plasmavitro

b. Sunset Yellow (E110) (disodium 6-hydroxy-5-(4-
sulfonatophenylazo)-2-naphthalenesulfonatéy a synthetic,
yellow azo dye that is used as a food colouringn@set al.
(2002)5 reported that sunset yellow could inhiothbtrue and
pseudo-ChE enzymes in human erythrocytes and plaswi&o
in a concentration dependent manner with inhibitddrpseudo-
ChE and true ChE of 43% and 70% respectively athigbest
concentration used.
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3.4

Carmoisine (azorubine, E122) (disodium 4-hydrox{43-
sulfonato-1-naphthylazo)-1-naphthalenesulfonatea isynthetic,
red azo dye that is used as a food colouring agsarne effect
above.

Ponceau 4R (trisodium 2-hydroxy-1-(4-sulfonato-1-
naphthylazo)-6,8- naphthalenedisulfonate) is a Hstidally
produced azo dye that is used as a red colourinfpdalstuffs
Indigo carmine (indigotine) (disodium 3-3' dioxo2di-
indolylidene-5-5° disulfonate) is a syntheticallyoguced blue
food colouring.

Brilliant blue (disodium a-[4-(N-ethyl-3-
sulfonatobenzylamino)phenyl]-a-[ 4-(Nethyl-3-
sulphonatobenzylimino)cyclohexa-2,5-dienylidene] luéme-2-
sulphonate is a synthetic, blue food colouring.

Sodium benzoate is used as a food-preserving agéetts on
the central nervous system have been noted buisthiige to the
disruption to acid-base balance rather than spengurotoxicity.
Sulphur dioxide is used as a food-preserving agent.
Monosodium glutamate is a flavour-enhancing agé&hitamate
is a neuroactive compound and can cross the bloaid-barrier
and placenta. Neurotoxic effects have been seanimal studies
but only at very high doses, often administered.oyinjection.
Acesulfame K (E950) (potassium salt of 6-methyl-2,3-
oxathiazine-4(3H)-one-2,2-dioxide is a synthetic estening
agent.

Aspartame (6-methyl-1,2,3-oxathiazine-4(3H)--on2-@ipxide
salt of Lphenylalanyl-2-methyl-L-a-aspartic acid) a synthetic
sweetener.

Saccharin Saccharin (3-o0xo-2,3-dihydrobenzo[d]isaibl-1,1-
dioxide) is a synthetic sweetening agent.

Toxicology of Food Contaminants

3.4.1 What is Food Contamination?

Food contamination refers to the presence in fdddaomful chemicals
and microorganisms which can cause consumer illnEss impact of
chemical contaminants on consumer health and vestighis often

apparent only after many years of processing ardr girolonged
exposure at low levels (e.g. cancer). Chemical armaitants present in
foods are often unaffected by thermal processinglikgi most

microbiological agents). Chemical contaminants da@ classified

according to the source of contamination and thehaweism by which
they enter the food product.
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3.4.2 Causes of Food Contamination

Food contaminants may be classified under accitlgrdadeliberately
contaminants or under microbiological, chemical @hysical
contaminants.

In contrast to microbiologically caused food-borileess, the link
between exposure and effect of chemical hazardeads is usually
complicated by cumulative low doses and the delkiyvben exposure
and the onset of symptoms.

Chemical hazards include environmental contamindotgl ingredients
(such as iodine), heavy metals, mycotoxins, natirahs, processing
contaminants and veterinary medicines.

3.4.3 Incidence of Chemical Contamination

Incidence of chemical contamination may occur bseaof poor
harvesting or storage of grain, use of banned wetgr products,
industrial discharges, human error and deliberdidteration and fraud.
An "incident" of chemical food contamination may tdefined as an
episodic occurrence of adverse health effects mdns (or animals that
might be consumed by humans) following high expegarparticular
chemicals, or instances where episodically highceatrations of
chemical hazards were detected in the food chaohfraced back to a
particular event.

For instance, in June 2012, a Brazilian housewifecavered an
apparently used condom at the bottom of a can arKiomato paste.
Unilever was fined £3,100 ($4,800) by the Supreradéefal Court. She
was awarded £1,110 ($1,700) for moral damagesheasusd her family
had consumed a meal prepared with the paste.

3.4.4 Classification of Contaminants

1. Agrochemicals are chemicals used in agriculturalcfices and
animal husbandry with the intent to increase crapd reduce
costs. Such agents include pesticides (e.g. iTs@es,
herbicides, rodenticides), plant growth regulatoveterinary
drugs (e.g. nitrofuran, fluoroquinolones, malachiggeen,
chloramphenicol), and bovine somatotropin (rBST).

2. Environmental contaminants are chemicals that ezsgmt in the
environment in which the food is grown, harvestednsported,
stored, packaged, processed, and consumed. Theghyentact
of the food with its environment results in its tamination.
Possible sources of contamination are:
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Air: radionuclides ’Caesium, °Strontium), polycyclic aromatic
hydrocarbons (PAH).

Water: arsenic, mercury.
Soil: cadmium, nitrates, perchlorates.

Polychlorinated biphenyls (PCB), dioxins, and potyhinated diphenyl
ethers (PBDE) are ubiquitous chemicals, which aesent in air,
water, soil, and the entire biosphere.

Packaging materials antimony, tin, lead, perfluorooctanoic acid
(PFOA), semicarbazide, benzophenone, isopropylémthone
(ITX), bisphenol A.

Processing/cooking equipment copper, or other metal chips,
lubricants, cleaning and sanitizing agents.

Naturally occurring toxins: mycotoxins, phytohaemagglutinin,
pyrrolizidine alkaloids, grayanotoxin, mushroom it
scombrotoxin (histamine), ciguatera, shellfish msxi (see
shellfish poisoning), tetrodotoxin, among many oshe

Pyrrolizidine alkaloids (PAs) are hepatotoxic, carcinogenic, genotoxic,
teratogenic and sometimes pneumotoxic food contamis)
especially in grain and bread. PAs have been eint be
present in about 3% of all flowering plants (Smatid Culvenor
1981). They mainly occur in species of the planinifes
Asteraceae, Fabaceae and Boraginaceae.

3. There are many cases of banned pesticides or ogems found
in foods.

I. Greenpeace exposed in 2006 in China that 25% ofegad
supermarkets agricultural products contained barpesdicides.
Over 70% of tomatoes that tested were found to hiaedanned
pesticide lindane, and almost 40% of the samplesahanix of
three or more types of pesticides. Fruits were #&sted in this
investigation. Tangerines, strawberries and Kyofugiapes
samples were found contaminated by banned pedicide
including the highly toxic Methamidophos. Theseitiican also
be found in Hong Kong market. Greenpeace says #asts no
comprehensive monitoring on fruit produce in thengldong as
of 2006.
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In India, soft drinks were found contaminated whigh levels of
pesticides and insecticides, including lindane, DDTalathion
and chlorpyrifos.

News of Formaldehyde, a carcinogen was found inndimese
national dish, Pho, broke in 2007 Vietnam food sc&iegetables
and fruits were also found to have banned pestcitdealth
agencies have known that Viethamese soy sauce;ainetry's
second most popular sauce after fish sauce, hasdheek full of
cancer agents since at least 2001," thundered bamhrl Nien
daily. "Why didn't anyone tell us?" The carcinogen Asian
sauces is 3-MCPD and its metabolite 1,3-DCP, wihak been
an ongoing problem before 2000 affecting multipatments.
2005 Indonesia food scare, carcinogenic formaldehyals added
as a preservative to noodles, tofu, salted fist,raeatballs.

There is a heavy stigma attached to the presenigaiioin food in
most societies. There is a risk that it may indabeking and
vomiting, and also that it may be contaminated Iloxict
substances. Views differ as to the level of rislpases to the
inadvertent consumer

In most countries, people working in the food irtdpsre required to
cover their hair. Hair can cause food poisoning pedple can be sued
for not covering their hair while serving food.

5.

Processing contaminants are generated during theegsing of
foods (e.g. heating, fermentation). They are abserthe raw
materials, and are formed by chemical reactions/den natural
and/or added food constituents during processimg. firesence
of these contaminants in processed foods cannotnbeely
avoided. Technological processes can be adjusted/oran
optimised, however, in order to reduce the levélomation of
processing contaminants. Examples are: nitrosampugcyclic
aromatic hydrocarbons (PAH), heterocyclic aminastamine,
acrylamide, furan, benzene, trans fat, monochlaognediol
(MCPD), semicarbazide, 4-hydroxynonenal (4-HNE)d athyl
carbamate. There is also the possibility of mekapx from the
processing equipment contaminating food. These ¢&n
identified using metal detection equipment. In mamnveyor
lines, the line will be stopped, or when weighihg product with
a Check weigher, the item can be rejected for bewey - or
underweight or because small pieces of metal aextbel within
it.

While many food contaminants have been known feades, the
formation and presence of certain chemicals in $obds been
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discovered relatively recently. These are the dledta@merging food
contaminants e.g. acrylamide, furan, benzene, perchlorate,
perfluorooctanoic acid (PFOA), 3-monochloropropdr@diol (3-
MCPD), 4-hydroxynonenal and (4-HNE).

3.4.5 Safety and Regulation of Food Contaminant

Acceptable Daily Intake (ADI) levels and toleraldencentrations of
contaminants in individual foods are determinedt@mbasis of the "No
Observed Adverse Effect Level" (NOAEL) in animalpeximents, by
using a safety factor (usually 100). The maximummoamtrations of
contaminants allowed by legislation are often vibdlow toxicological

tolerance levels, because such levels can ofteredmonably achieved
by using good agricultural and manufacturing prasdi

3.4.6 Food Contaminant Testing

To maintain high quality of food and comply withati, safety and
environmental regulatory standards it is best lp@a food contaminant
testing through an independent third party such lasoratories,

certification companies or similar. For manufactsr¢he testing for
food contaminants can minimise the risk of non-cliamge in relation

to raw ingredients, semi-manufactured foods andl fproducts. Also,
food contaminant testing assures consumers safety cuality of

purchased food products and can prevent food-balieeases, and
chemical, microbiological or physical food hazards.

The establishment of ADIs for certain emerging famhtaminants is
currently an active area of research and regulatebate.

4.0 CONCLUSION
Food additives and contaminants are hazards assoasath ingesting
poorly processed, preserved, served or stored fédbed. causes and

adverse effects of additives and contaminants disissed.

In the next unit, we will discuss the hazards asged with taking
pharmaceutical products for various reasons.

5.0 SUMMARY

A food additive is a compound, or mixture of substs, that is added
to food to improve production, processing, storagackaging or
preparation.
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6.0 TUTOR-MARKED ASSIGNMENT

I. Define food additive.

. Give food examples of food additives.

iii. Define chemical food contaminant.

V. Give four examples of food contaminants.
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1.0 INTRODUCTION
In Unit 5, we discussed substances in the enviromnmgested with
food intentionally or unintentionally that causerao man. In this unit,

we will discuss about drugs released in the enwr@m which may
have harmful effects on man or his environment.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. define pharmaceuticals

. explain what is Environmental Pharmaceutical Pensis
Pollutant (EPPP)

. identify how illicit drugs can pose environmentebiplems

. define pharmacoenvironmentology.

3.0 MAIN CONTENT

3.1 Concepts of Pharmaceutical and Nutraceuticals in
Environment

Pharmaceuticals are synthetic chemicals belonging wide group of

different chemical families and may also react efght in the
environment.

142



EHS 411 ENVIRONMENTAL TOXICOLOGY

Environmental Pharmaceutical Persistent Polluta@PRP), was
suggested in the nomination 2010 of pharmaceuteats environment
as an emerging issue to Strategic Approach toratemal Chemicals
Management (SAICM) by the International SocietyDaictors for the
Environment (ISDE).

There exists very well documented evidence thatespharmaceuticals
enter and persist in the environment, some are eim#o disruptors

(synthetic hormones), and some are designed tb&dteria and viruses
(antibiotics) and may affect microorganism and wifd in severe and
unexpected ways. Little is known on the possiblgatige effects and
impacts of EPPP in humans and the environment Iffusdi and

systematic exposure, for long periods of time, eslg during the

vulnerable periods of development.

As there are thousands of different synthesizednateds present at the
same time in the environment, different interaciomay occur and the
result of these multiple exposure in human and reatare not
sufficiently studied or understood.

"Pharmaceuticals”, or prescription and over-theateu medications

made for human use or veterinary or agribusinegsgses, are common
PPCPs found in the environment. Antibiotics, nwdcals (e.g.,

vitamins), supplements, and sexual enhancemenst ditggcontained in
this group. "Personal care products” may includaraics, fragrances,
menstrual care products, lotions, shampoos, somwshpastes, and
sunscreen. These products typically enter the enwient when passed
through or washed off the body and into the groandewer lines, or

when disposed of in the trash, septic tank, or gevegstem.

3.2 Concepts of lllicit Drugs in the Environment

lllicit drugs such as methamphetamine and cocaieeaaother type of
PPCP. The manufacturers of these products may eateity spill or

purposefully dump harmful by-products directly irttee environment.
Drug users also introduce these substances intertieonment when
handling drugs and when the substances pass thitbeghbodies and
into a septic tank or sewage system. Traces oititlrugs can be found
in waterways and may even be carried by money.

3.3 Environmental Risk Assessment and Environmental
Classification of Drugs

Environmental risk refers to the risk of toxicity the environment. It is

based on the ratio between predicted environmentadentration of the
substance (PEC) and the highest concentratioreaihstance that does
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not have a harmful effect in the environment (PNEEY)vironmental
hazard expresses the inherent environmentally dagpadparacteristics
of the substance in terms of persistence, bioacktmn and toxicity.

3.4 Effects of Pharmaceuticals on the Environment

1. Estradiol (estrogen, synthetic hormone)

Concentrations in surface water alone are notgefft to assess the risk
of negative environmental effects in the aquaticirmment. Synthetic

hormones are endocrine disruptors. Thus, estrogemnepounds like

ethinyl-estradiol (estrogen hormone) at concemnati< 1 ng per litre

may cause both vitellogenin production (a frequenised index for

feminisation of male fish), and structural changeaheir sex organs. It
has also been demonstrated that fish exposed tagsetkeatment plant
(STP) effluent can take up and concentrate estrogeampounds,

including ethinyl-estradiol, to very high interndevels. These

observations on feminisation of fish by estrogetoenpounds in STP

effluents have been observed in many countries, renek also been
observed in other species, like frogs, alligators @olluscs.

2. Cardiovascular medicines

Other examples of environmental impact in the aquatvironment of

human medication concern both cardiovascular andorgsychiatric

medicines. The non-selective beta-blocking ageopgmolol was found
to cause a significant decrease in egg produchomedaka fish, at a
concentration close to that demonstrated in theagewwreatment plants
(STP) effluents. Gemfibrozil (cholesterol and tyigrides lowering

drug) often appears in the effluent from STPs. dxiaentrations close to
those reported in STP effluent, gemfibrozil lowéns blood levels of
testosterone in fish.

3. Citalopram/Fluoxetine (serotonin reuptake inhibitor anti
depressants, SSRI’s)

Some SSRI's have been shown to accumulate in edpdsh.
Citalopram has been detected in liver from wildgpein low pg per kg
levels, and fluoxetine affects the serotonin systerte same way that
it does in humans. Fluoxetine has also been shovaifféct swimming
activity in shellfish; whether this is linked todésturbance of serotonin
function in the brain is still unknown.

4, Antibiotics

High levels of antibiotics in the water are a caimsealarm as there is an
increased risk of selecting resistant bacteriassure of global concern.
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This can lead to some highly effective antibiotieeoming ineffective.
There are several examples: In India, bacteriastaadi to ciprofloxacin
have been found downstream pharmaceutical plamisesgfor multi

resistance were found in drinking water, and masistant Salmonella
in water sprayed on vegetables. From Europe we kabout the

epidemic with multi resistant EHEC in summer 20a&diginating from

water sprayed vegetables.

The term "eco-shadow" has been introduced to desdhie ecological
impact of antibiotics. Antibiotics with a wide spran that are also
stable will have a greater impact on the bactdi@mia (a long eco-
shadow) than those with a narrow antibacterial tspBT which

disintegrates more rapidly (a short eco-shadow).

The ecological effects of tetracyclines and quine® have been
observed. They are not metabolised in the humawg bod are therefore
excreted unmodified. When entered into the enviremmthey are
poorly degraded. They can be toxic to other animaBecting

particularly microorganism and fish. In the effluérom a sewage plant
in India, several broad spectrum antibiotics wexenfl in concentrations
toxic to bacteria and plants. In the sewage pliselfi there were
enterococcae resistant to all known antibiotics.

The development of resistant bacteria in sewagatpla stimulated by
high concentration of antibiotics (e.g. in planivage), large amounts of
bacteria (e.g. from human sewage water that ischddplant sewage),
and selection of Information that can be used &ess the nominated
issue have been observed.

Pharmacoenvironmentology is a branch of pharmacology and
pharmacovigilance that deals entry of chemicalsdargs into the
environment after elimination from humans and amsnag post-therapy.
It deals specifically with those pharmacologicatris that have impact
on the environment via elimination through livingganisms subsequent
to pharmacotherapy.

According to WHO, pharmacovigilance activities alene to monitor

detection, assessment, understanding and preveoitiany obnoxious
adverse reactions to drugs at therapeutic condemtran animal and
human beings. However, there is also a growingda@mong scientists
and environmentalists about the impact of drugseowironment and
surroundings. The existing term 'ecopharmacolagyoo broad and not
even defined in a clear manner. The term 'pharnm@amentology’

seeks to deal with the environmental impact of drgiyen to humans
and animals at therapeutic doses.
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Ecopharmacology concerns the entry of chemicalglrags into the
environment through any route and at any conceotratisturbing the
balance of ecology (ecosystem), as a consequecoghBrmacology is
a broad term that includes studies of —PPCPsl irrespective of doses and
route of entry into environment.

4.0 CONCLUSION

In this unit, we discussed the concept of pharmiEzads in the
environment, pharmacoenvironmentology and otheated| terms. The
toxicity of these products results from the liandaillicit use or disposal
of drugs.

5.0 SUMMARY

Pharmaceuticals are synthetic chemicals belonging wide group of
different chemical families and may also react edéht in the
environment.

Environmental Pharmaceutical Persistent PollutaBPRP) was
suggested in the nomination 2010 of pharmaceuteads environment
as an emerging issue to Strategic Approach torlatemal Chemicals
Management (SAICM) by the International SocietyDaictors for the

Environment (ISDE).There exists very well documdné¥idence that
some pharmaceuticals enter and persist in the arnwient, some are
endocrine disruptors (synthetic hormones), somedasgned to Kkill

bacteria and viruses (antibiotics) and may affeatroorganism and
wild life in severe and unexpected ways.

"Pharmaceuticals”, or prescription and over-theateu medications

made for human use or veterinary or agribusinegsgses, are common
PPCPs found in the environment. Antibiotics, nwttdacals (e.g.,

vitamins), supplements, and sexual enhancemenst digycontained in
this group.

"Personal care products" may include cosmeticgrdraces, menstrual
care products, lotions, shampoos, soaps, tootlgaated sunscreen.
These products typically enter the environment wbassed through or
washed off the body and into the ground or seweesli or when
disposed of in the trash, septic tank, or sewagesy.

lllicit drugs such as methamphetamine and cocaieeaaother type of

PPCP. The manufacturers of these products may eateity spill or
purposefully dump harmful by products directly inb@ environment.
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Drug users also introduce these substances interthieonment when
handling drugs and when the substances pass thtbeghbodies and
into a septic tank or sewage system. Traces oititlrugs can be found
in waterways and may even be carried by money.

1. Estradiol (estrogen, synthetic hormone)
Synthetic hormones are endocrine disruptors.
2. Cardiovascular medicines

The non-selective beta-blocking agent propanold weaind to cause a
significant decrease in egg production in medada fi

3. Citalopram/Fluoxetine (serotonin reuptake inhibitor anti
depressants, SSRI'S)

Some SSRI's have been shown to accumulate in edpdsh.
Citalopram has been detected in liver from wildcpein low pg per kg
levels, and fluoxetine affects the serotonin sysiernie same way that
it does in humans.

4., Antibiotics

High levels of antibiotics in the water are a calasealarm as there is an
increased risk of selecting resistant bacteriassure of global concern.
The ecological effects of tetracyclines and quine® have been
observed.

Pharmacoenvironmentology is a branch of pharmacology and
pharmacovigilance that deals entry of chemicalsdargs into the
environment after elimination from humans and amsnag post-therapy.
It deals specifically with those pharmacologicaéris that have impact
on the environment via elimination through livingganisms subsequent
to pharmacotherapy.

Ecopharmacology concerns the entry of chemicalglrags into the
environment through any route and at any conceotratisturbing the
balance of ecology (ecosystem), as a consequecoghBrmacology is
a broad term that includes studies of —PPCPsl irrespective of doses and
route of entry into environment.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are pharmaceuticals?
2. Identify four pharmaceuticals found in the envirem
3. Enumerate the adverse effects of pharmaceuticatzaon
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1.0 INTRODUCTION

In Module 3, we discussed toxicants that are orgaminature. We
identified the existence of chemicals that interaith human body to
cause injury or disease.

Among all the environmental problems such as swsien leading to
floods, salt deserts and sea recedes, deserticdéindslides, change of
river directions, extinction of species, and vulide ecosystem in place
of more complex and stable ecosystems, depletiominifral resources,
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waste accumulation, deforestation, thinning of @zlayer and global
warming, environmental pollution is a major souadfehealth risk
throughout the world, though risks are generalghbkr in developing
countries, where poverty, lack of investment in erodtechnology and
weak environmental legislation combine to causé pigilution levels.
Associations between environmental pollution analtheoutcome are,
however, complex and often poorly characterisedelseof exposure,
for example, are often uncertain or unknown assalref the lack of
detailed monitoring and inevitable variations witrany population

group.

In this unit, we will discuss basic concepts appishen these toxicants
are found in our environment.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain the concept of environmental pollution
. classify pollution

. state the causes of pollution

. explain the pollution pathway to people

. state the effects of pollutants.

3.0 MAIN CONTENT

3.1 Basic Concept of Environmental Pollution

Environmental pollution is defined as the undedealchange in
physical, chemical and biological characteristi¢soar air, land and
water. Pollution is the introduction of contaminants into the natura
environment that causes adverse change. Pollutiortake the form of
chemical substances or energy, such as noise,ohdight. Pollutants,
the components of pollution, can be either foresghstances/energies
or naturally occurring contaminants. Pollution f$ea classed as point
source or nonpoint source pollution

Environmental pollution can be simply, if somewlganherally, defined
as the presence in the environment of an agenthwisigpotentially

damaging to either the environment or human hea#h. such,

pollutants take many forms. They include not orthemicals, but also
organisms and biological materials, as well as ggnen its various

forms (e.g. noise, radiation, heat). The numbguaténtial pollutants is
therefore essentially countless. There are, fomgia, some 30,000
chemicals in common use today, any one of which beayeleased into
the environment during processing or use. Less iBawf these have
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been subject to a detailed assessment in term&enf toxicity and
health risks. The number of biological pollutarggruly unquantifiable.
They include not only living and viable organisrasch as bacteria, but
also the vast array of endotoxins that can be sebkafrom the
protoplasm of organisms after death. There isetoeg, no shortage of
potential environmental risks to health. What isklag, for the most
part, is an understanding of the nature and meshenof these risks.

3.2 Historical Importance of Pollution

Pollution started from the prehistoric times wheamtreated the first
fires. According to a 1983 article in the JournaBaience, "soot found
on ceilings of prehistoric caves provides ampledence of the high
levels of pollution that was associated with inadeg ventilation of
open fires." King Edward | of England banned thening of sea-coal
by proclamation in London in 1272, after its smbleeame a problem.

London also recorded one of the earlier extremesca$ water quality
problems with the Great Stink on the Thames of 18&&ich led to
construction of the London sewerage system soenvedid.

It was the industrial revolution that gave birth &mvironmental
pollution as we know it today. The emergence ofagfactories and
consumption of immense quantities of coal and otbssil fuels gave
rise to unprecedented air pollution and the largeime of industrial
chemical discharges added to the growing load dfeated human
waste.

Pollution began to draw major public attention Ire tUnited States
between the mid-1950s and early 1970s, when Comgrassed the
Noise Control Act, the Clean Air Act, the Clean Waict and the
National Environmental Policy Act.

The development of nuclear science introduced radieacti
contamination, which can remain lethally radioagetior hundreds of
thousands of years. The toll on the worst-affegiedulations and the
growth since then in understanding about the afittbreat to human
health posed by radioactivity has also been a pitble complication
associated with nuclear power.

3.3 Pollution — Pathway — People

Central to Blacksmith‘s approach is the model ofllRon-Pathway-
People as the basis for understanding and assessisgat a particular
site. This model is consistent with risk assessnagyroaches used
internationally (by USEPA, WHO and so on) but isrywemuch
simplified for use at our practical level.
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Blacksmith is focused on people‘'s health. Howevanch pollution
related health impacts are chronic and are diffimubttribute directly to
one source. In the context of an International &ath Atmosphere
(ISA), it is unusual to be able to demonstrate rtyedhe health
consequences of a particular site. What can be daweshow that there
Is a credible risk attached to the site and thist sk deserves further
investigation, as part of the design of an intet\en

The existence of the risk depends on all three comapts: there must
be a source of pollution (at a high enough levab@édchazardous); there
must be a population in a nearby area who are pallgrexposed to the
pollution; and there must be a pathway for the ytimh to actually
impact the people.

Preparation of the ISA is the process by which éhesmponents are
identified and assessed at any site.

3.4 Classification of Environmental Pollution based onthe
Components of Environment that are Polluted

Major of these are: air pollution, water pollutiosgil pollution (land
degradation) and noise pollution. Details of thigges of pollutions are
discussed below with their prevention measures.

(1)  Air Pollution: Air is mainly a mixture of various gases such as
oxygen, carbon dioxide, nitrogen. These are presanta
particular ratio. Whenever there is any imbalancéhe ratio of
these gases, air pollution is caused. The souricas pollution
can be grouped under:

() Natural; such as, forest fires, ash from smoking volcandast
storm and decay of organic matters.

(i)  Man-made due to population explosion, deforestation,
urbanisation and industrialisations.

Certain activities of human beings release seymtilitants in air, such
as carbon monoxide (CO), sulphur dioxide §s®dydrocarbons (HC),
oxides of nitrogen (NOx), lead, arsenic, asbestadjoactive matter,
and dust. The major threat comes from burning esifduels, such as
coal and petroleum products. Thermal power plaamigpmobiles and
industries are major sources of air pollution adl.vizue to progress in
atomic energy sector, there has been an increasalioactivity in the
atmosphere. Mining activity adds to air pollution the form of
particulate matter. Progress in agriculture duaide of fertilizers and
pesticides has also contributed towards air palfutiindiscriminate
cutting of trees and clearing of forests has leithi¢oease in the amount

152



EHS 411

ENVIRONMENTAL TOXICOLOGY

of carbon dioxide in atmosphere. Global warmin@ isonsequence of
green house effect caused by increased level dbnadioxide (CQ).
Ozone (Q) depletion has resulted in UV radiation striking earth.

Table 4.1: The Gaseous Composition of Unpolluted Ai

The Gases Parts per million
(vol)
Nitrogen 756,50(
Oxyger 202,90(
Water 31,20(
Argon 9,00(
Carbon Dioxide 30%
Neor 17.4
Helium 5.C
Methane 0.97-1.1¢
Krypton 0.97
Nitrous oxide 0.4¢
Hydrogen 0.4¢
Xenon 0.0¢
Organic vapours ca.0.0:

3.5 Pollutants

A pollutant is a waste material that pollutes amgter or soil. Three
factors determine the severity of a pollutant: alemical nature, the
concentration and the persistence. As a resulwvef-population, rapid
industrialisations, and other human activities likgriculture and
deforestation etc., earth became loaded with devpatlutants that were
released as by-products.

3.5.1 Classification of Pollutants

Pollutants are generally grouped under two clakased on their ability
to degrade:

(@) Biodegradable pollutants -Biodegradable pollutants are broken
down by the activity of micro-organisms and entetoi the
biogeochemical cycles. Examples of such pollutarésdomestic
waste products, urine and faucal matter, sewagacudtgral
residue, paper, wood and cloth etc.

(b)  Non-Biodegradable pollutants -Non-biodegradable pollutants

are stronger chemical bondage, that do not breakndmto
simpler and harmless products. These includaious
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insecticides and other pesticides, mercury, leatsendc,
aluminium, plastics, radioactive waste etc.

3.5.2 Sources and Causes of Pollution

Air pollution comes from both natural and human-méanthropogenic)
sources. However, globally human-made pollutantsnfrcombustion,
construction, mining, agriculture and warfare aracreéasingly
significant in the air pollution equation.

Motor vehicle emissions are one of the leading eaud air pollution.
China, United States, Russia, Mexico, and Japathareorld leaders in
air pollution emissions. Principal stationary poathm sources include
chemical plants, coal-fired power plants, oil refies, petrochemical
plants, nuclear waste disposal activity, incinatdarge livestock
farms (dairy cows, pigs, poultry, etc.), PVC faaer metals production
factories, plastics factories, and other heavy stigu Agricultural air
pollution comes from contemporary practices whicitlude clear
felling and burning of natural vegetation as we# apraying of
pesticides and herbicides.

About 400 million metric tons of hazardous wastes generated each
year. The United States alone produces about 28@mmetric tons.
Americans constitute less than 5% of the world'putation, but
produce roughly 25% of the world‘'s GQand generate approximately
30% of world‘s waste. In 2007, China has overtatten United States
as the world's biggest producer of £@hile still far behind based on
per capita pollution - ranked 78th among the wentditions.

In February 2007, a report by the IntergovernmeRt&tel on Climate
Change (IPCC), representing the work of 2,500 $isiesn economists,
and policymakers from more than 120 countries, gzt humans have
been the primary cause of global warming since 1%h@mans have
ways to cut greenhouse gas emissions and avoidadhgequences of
global warming, a major climate report concludedt B change the
climate, the transition from fossil fuels like caald oil needs to occur
within decades, according to the final report thesr from the UN's
Intergovernmental Panel on Climate Change (IPCC).

Some of the more common soil contaminants are iclatad
hydrocarbons (CFH), heavy metals (such as chromoaghmium—found
in rechargeable batteries, and lead—found in |eaat,paviation fuel and
still in some countries, gasoline), MTBE, zinc,ar& and benzene. In
2001, a series of press reports culminating in ekbcalled Fateful
Harvest unveiled a widespread practice of recyclindustrial by-
products into fertilizer, resulting in the contamiion of the soil with
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various metals. Ordinary municipal landfills aree thource of many
chemical substances entering the soil environmeamd ( often

groundwater), emanating from the wide variety ofuse accepted,
especially substances illegally discarded there, from pre-1970
landfills that may have been subject to little ¢ohtn the U.S. or EU.
There have also been some unusual releases of hpmipated

dibenzodioxins, commonly called dioxins for simjijic such as TCDD.
Pollution can also be the consequence of a naflisaster. For example,
hurricanes often involve water contamination frorewage, and
petrochemical spills from ruptured boats or automesb Larger scale
and environmental damage is not uncommon when aloastrigs or

refineries are involved. Some sources of pollutisach as nuclear
power plants or oil tankers, can produce widespraad potentially
hazardous releases when accidents occur.

In the case of noise pollution the dominant souwless is the motor
vehicle, producing about ninety percent of all untea noise
worldwide.

3.6 General Effects of Environmental Pollution

3.6.1 Effects on Human Health

Health effects of pollution

Fig. 4.1: Overview of Main Health Effects on Humangrom Some
Common Types of Pollution

"http://en.wikipedia.org/w/index.php?title=Polluti&oldid=506455756

Adverse air quality can kill many organisms inchuglihumans. Ozone
pollution can cause respiratory disease, cardiafasdisease, throat
inflammation, chest pain, and congestion. Watedugioh causes
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approximately 14,000 deaths per day, mostly dueotttamination of
drinking water by untreated sewage in developingntes.

Oil spills can cause skin irritations and rashegisBl pollution induces
hearing loss, high blood pressure, stress, ang@ sliséurbance. Mercury
has been linked to developmental deficits in ckitdand neurologic
symptoms. Older people are majorly exposed to deseaduced by air
pollution. Those with heart or lung disorders aneler additional risk.
Children and infants are also at serious risk. Laad other heavy
metals have been shown to cause neurological prsbl€hemical and
radioactive substances can cause cancer as weitlaslefects.

3.6.2 Environment

Pollution has been found to be present widely emehvironment. There
are a number of effects of this:

a) Biomagnification describes situations where toxisasuch as
heavy metals) may pass through trophic levels, inaup
exponentially more concentrated in the process.

b) Carbon dioxide emissions cause ocean acidificatlmaongoing
decrease in the pH of the Earth's oceans as k#domes
dissolved.

C) The emission of greenhouse gases leads to glolaiing which
affects ecosystems in many ways.

d) Invasive species can compete with native speciek raduce
biodiversity. Invasive plants can contribute debrand
biomolecules (allelopathy) that can alter soil aclkemical
compositions of an environment, often reducing veatpecies
competitiveness.

e) Nitrogen oxides are removed from the air by rainl &ertilise
land which can change the species compositionagystems.

f) Smog and haze can reduce the amount of sunligkivest by
plants to carry out photosynthesis and leads tgtbduction of
tropospheric ozone which damages plants.

9) Soil can become infertile and unsuitable for plantkis will
affect other organisms in the food web.

h) Sulphur dioxide and nitrogen oxides can cause st which
lowers the pH value of soil.

4.0 CONCLUSION

Environmental pollution is a major source of heal#k throughout the
world. Pollutants are the agents that cause thietmol. The effects of
the link between pollutants and the people werabdished.
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5.0 SUMMARY

Environmental pollution is defined as the undedealbhange in
physical, chemical and biological characteristi¢soar air, land and
water.

. The model of Pollution-Pathway-People is the bafis
understanding and assessing risks at a partiatgar s

. Classification of pollution is based on componerit the
environment e.g. air, water and soil pollution.

. Classification of pollution is based on sources eafural and
artificial sources

. A pollutant is a waste material that pollutes amgter or soil.

Three factors determine the severity of a pollutaatchemical
nature, the concentration and the persistence.

. Pollutants are generally grouped under two clasased on their
ability to degrade: biodegradable and non biodegjyksd
. Effects of environmental pollutants on health imi@ypoisoning

diseases and effects on the environment includeaglearming.

6.0 TUTOR-MARKED ASSIGNMENT

Define environmental pollution.

Define environmental pollutant.

Give causes of pollution.

Identify four pollutants in the environment.

PwnhPRE
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1.0 INTRODUCTION

In the last unit, we introduced the general conadpenvironmental
pollution and pollutants. Here, we will discuss thencept of air
pollution and effects of air pollutants. This iscaesary for the
protection of public health from risks due to a tn@m of chemicals
commonly present in atmosphere, including indoor ai

Clean air is a basic requirement of life. The gyadif air inside homes,
offices, schools, day care centres, public builgjrgealth care facilities
or other private and public buildings where pegpend a large part of
their life is an essential determinant of healtiy &nd people’'s well-
being. Hazardous substances emitted from buildirgsstruction
materials and indoor equipment or due to humanwiées indoors, such
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as combustion of fuels for cooking or heating, léa@ broad range of
health problems and may even be fatal. Indoor axgo® air pollutants
causes very significant damage.

2.0 OBJECTIVES

At the end of this unit, you should be able to:
state what air pollution is
identify air pollutants in your environment

. enumerate the causes of pollution
. explain the pathophysiology of toxicity due to pdithn

3.0 MAIN CONTENT

3.1 Basic Concept in Air Pollution

Fig. 4.2:  Air Pollution from World War Il Production
("http://en.wikipedia.org/w/index.php?title=Air_potion)

Air pollution is the introduction of chemicals, particulate mtiar
biological materials that cause harm or discomforhumans or other
living organisms, or cause damage to the naturer@mment or built
environment, into the atmosphere.

The atmosphere is a complex dynamic natural gassgstem that is
essential to support life on planet Earth. Stratespp ozone depletion
due to air pollution has long been recognised thsemt to human health
as well as to the Earth's ecosystems.

Indoor air pollution and urban air quality aredidtas two of the World's

worst pollution problems in the 2008 Blacksmith titnde World's
Worst Polluted Places report.
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3.2 Meaning and Classification of Pollutants

An air pollutant is a substance in the air that canse harm to humans
and the environment. Pollutants can be in the fofnsolid particles,
liquid droplets, or gases. In addition, they mayhb&ural or man-made.

Fig. 4.3: Schematic Drawing, Causes and Effects @&fir Pollution:
(1) greenhouse effect, (2) particulate contaminatig (3)
increased UV radiation, (4) acid rain, (5) increasg ground
level ozone concentration, (6) increased levels @itrogen
oxides.

("http://en.wikipedia.org/w/index.php?title=Air_potion)

3.2.1 Classification of Air Pollutants

Pollutants can be classified as primary or secgndar

I. Primary pollutant

Usually, primary pollutants are directly emittedrfr a process, such as
ash from a volcanic eruption, the carbon monoxide fyom a motor
vehicle exhaust or sulphur dioxide released frootoiges.

. Secondary pollutants

They are not emitted directly. Rather, they fornthie air when primary
pollutants react or interact. An important examplie a secondary

pollutant is ground level ozone — one of the maegosdary pollutants
that make up photochemical smog. Some pollutantg b both
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primary and secondary: that is, they are both enhitdlirectly and
formed from other primary pollutants.

3.2.2 Primary Pollutants

a.

Major primary pollutants produced by human activity
include:

Sulphur oxides (S - especially sulphur dioxide, a chemical
compound with the formula SOSQ is produced by volcanoes
and in various industrial processes. Since coal peitoleum
often contain sulphur compounds, their combustiemegates
sulphur dioxide. Further oxidation of $Qisually in the presence
of a catalyst such as NCOforms BSQs, and thus acid rain. This
is one of the causes for concern over the envirommh@npact of
the use of these fuels as power sources.

Nitrogen oxides (N - especially nitrogen dioxide are emitted
from high temperature combustion, and are also ywed
naturally during thunderstorms by electrical disgea Can be
seen as the brown haze dome above or plume downwefind
cities. Nitrogen dioxide is the chemical compoundhwthe
formula NQ. It is one of the several nitrogen oxides. This
reddish-brown toxic gas has a characteristic sHating odour.
NO: is one of the most prominent air pollutants.

Carbon monoxide (CO)- is a colourless, odourlessirritating
but very poisonous gas. It is a product by incotept®mbustion
of fuel such as natural gas, coal or wood. Vehicakhaust is a
major source of carbon monoxide.

Carbon dioxide (Cg@ - a colourless, odourless, non-toxic
greenhouse gas also associated with ocean acidiicamitted
from sources such as combustion, cement productsom
respiration. It is otherwise recycled in the atniese in the
carbon cycle.

Volatile organic compounds - VOCs are an importarttioor air
pollutant. In this field they are often divided anthe separate
categories of methane (GHand non-methane (NMVOCSs).
Methane is an extremely efficient greenhouse gaschwh
contributes to enhance global warming. Other hyaidoon
VOCs are also significant greenhouse gases via tiode in
creating ozone and in prolonging the life of methan the
atmosphere, although the effect varies dependindooal air
guality. Within the NMVOCs, the aromatic compouri¥nzene,
toluene and xylene are suspected carcinogens agdlead to
leukaemia through prolonged exposure. 1,3-butadier@@mother
dangerous compound which is often associated wmittustrial
uses.
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Vi.

Vii.

viii.

Xi.

Xi.

3.2.3
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Particulate matter - Particulates, alternativelyemed to as
particulate matter (PM) or fine particles, are tipgrticles of
solid or liquid suspended in a gas. In contrastos@ refers to
particles and the gas together. Sources of paatieuhatter can
be manmade or natural. Some particulates occurrailgtu
originating from volcanoes, dust storms, forest amdssland
fires, living vegetation, and sea spray. Humanvdigs, such as
the burning of fossil fuels in vehicles, power ptaand various
industrial processes also generate significant amsouof
aerosols. Averaged over the globe, anthropogeniosals—
those made by human activities—currently accounafmout 10
percent of the total amount of aerosols in our ajhere.
Increased levels of fine particles in the air ankdd to health
hazards such as heart disease, altered lung fanena lung
cancer.

Persistent free radicals connected to airborne garéicles could
cause cardiopulmonary disease.

Toxic metals, such as lead, cadmium and copper.
Chlorofluorocarbons (CFCs) - harmful to the ozameel emitted
from products currently banned from use.

Ammonia (NH) - emitted from agricultural processes. Ammonia
is a compound with the formula NHt is normally encountered
as a gas with a characteristic pungent odour. Anmnon
contributes significantly to the nutritional needs$ terrestrial
organisms by serving as a precursor to foodstuftsfartilizers.
Ammonia, either directly or indirectly, is also ailding block
for the synthesis of many pharmaceuticals. Althoughide use,
ammonia is both caustic and hazardous.

Odours — such as from garbage, sewage, and inalustri
processes.

Radioactive pollutants - produced by nuclear explus nuclear
events, war explosives, and natural processes sschthe
radioactive decay of radon.

Secondary Pollutants

Particulate matter formed from gaseous primaryypatits and
compounds in photochemical smog. Smog is a kindaiof
pollution; the word "smog" is a portmanteau of sma@nd fog.
Classic smog results from large amounts of coahibgrin an
area caused by a mixture of smoke and sulphur dkoX¥odern
smog does not usually come from coal but from wdhrcand
industrial emissions that are acted on in the abimee by
ultraviolet light from the sun to form secondaryllptants that
also combine with the primary emissions to formtpkbemical
smog.



. Ground level ozone (£) formed from NQ and VOCs. Ozone
(O3) is a key constituent of the troposphere. It isoahn
important constituent of certain regions of theatstsphere
commonly known as the Ozone layer. Photochemical an
chemical reactions involving it drive many of théemical
processes that occur in the atmosphere by day ymdght. At
abnormally high concentrations brought about by &oum
activities (largely the combustion of fossil fudt)js a pollutant,
and a constituent of smog.

iii. Peroxyacetyl nitrate (PAN) - similarly formed froMOx and
VOCs.

Minor air pollutants

I. A large number of minor hazardous air pollutantsm8& of these
are regulated in USA under the Clean Air Act andEwmrope
under the Air Framework Directive.

. A variety of persistent organic pollutants, whichncattach to
particulate matter. Persistent organic pollutanBORs) are
organic compounds that are resistant to environahent
degradation through chemical, biological, and plybito
processes. Because of this, they have been obseryatsist in
the environment, to be capable of long-range tramsp
bioaccumulate in human and animal tissue, biomggniffood
chains, and to have potential significant impacts©ioman health
and the environment.

3.3 Sources of Air Pollutants

Sources of air pollutants refer to the various fioce, activities or
factors which are responsible for the releasingpoiffutants into the
atmosphere. These sources can be classified itartajor categories
which are:

a. Anthropogenic sources (human activity) mostly related to
burning different kinds of fuel

I. "Stationary Sources" include smoke stacks of popwkents,
manufacturing facilities (factories) and waste marators, as
well as furnaces and other types of fuel-burningting devices.
In developing and poor countries, traditional bisséurning is
the major source of air pollutants; traditional roass includes
wood, crop waste and dung.

. "Mobile Sources" include motor vehicles, marinesads, aircraft
and the effect of sound etc.
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iii. Chemicals, dust and controlled burn practices incatjure and
forestry management. Controlled or prescribed Imgrnis a
technique sometimes used in forest managementirfgiprairie
restoration or greenhouse gas abatement. Firenadumal part of
both forest and grassland ecology and controllesl dan be a
tool for foresters. Controlled burning stimulatbée germination
of some desirable forest trees, thus renewingadest.

V. Fumes from paint, hair spray, varnish, aerosolyspend other
solvents.

V. Waste deposition in landfills, which generate methaMethane
IS not toxic; however, it is highly flammable andaynform
explosive mixtures with air. Methane is also anhggmant and
may displace oxygen in an enclosed space. Asphyxia
suffocation may result if the oxygen concentration is reduced
to below 19.5% by displacement.

V. Military, such as nuclear weapons, toxic gasesngearfare and
rocketry

b. Natural sources

I. Dust from natural sources, usually large areasuod Iwith little
or no vegetation

. Methane, emitted by the digestion of food by ansndbr
example cattle

ii. Radon gas from radioactive decay within the Eathist. Radon
is a colourless, odourless, naturally occurringligactive noble
gas that is formed from the decay of radium. Itessidered to
be a health hazard. Radon gas from natural soucees
accumulate in buildings, especially in confinedaarsuch as the
basement and it is the second most frequent cdusagcancer,
after cigarette smoking.

V. Smoke and carbon monoxide from wildfires

V. Vegetation, in some regions, emits environmentalfnificant
amounts of VOCs on warmer days. These VOCs reatit wi
primary anthropogenic pollutants—specifically, NG, and
anthropogenic organic carbon compounds—to produce a
seasonal haze of secondary pollutants.

Vi. Volcanic activity, which produce sulphur, chlorinand ash
particulates

3.4 Emission Factors
Air pollutant emission factors are representatiadugs that people
attempt to relate the quantity of a pollutant reézhto the ambient air

with an activity associated with the release oft thallutant. These
factors are usually expressed as the weight obifawit divided by a unit
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weight, volume, distance, or duration of the atgivemitting the
pollutant (e.g., kilograms of particulate emitteer pnega-gram of coal
burned). Such factors facilitate estimation of esmaiss from various
sources of air pollution. In most cases, theseofaare simply averages
of all available data of acceptable quality, anel generally assumed to
be representative of long-term averages.

There are 12 compounds in the list of POPs. Dioaims furans are two
of them and are intentionally created by combustérorganics, like

open burning of plastics. The POPs are also enuwdisruptor and can
mutate the human genes.

The United States Environmental Protection AgenthSEPA) has
published a compilation of air pollutant emissiactbrs for a multitude
of industrial sources. The United Kingdom, AustaialCanada and many
other countries have published similar compilatjoas well as the
European Environment Agency.

3.5 Indoor Air Quality (IAQ)

Indoor air may contain substances as benzene, rcanbonoxide,
formaldehyde, naphthalene, nitrogen dioxide, patlicy aromatic
hydrocarbons (especially benafgyrene), radon, trichloroethylene and
tetrachloroethylene which are hazardousness tothheald are often
found indoors in concentrations of health concern.

A lack of ventilation indoors concentrates air pobn where people
often spend the majority of their time. Radon (Ba$, a carcinogen, is
exuded from the Earth in certain locations anddeabinside houses.
Building materials including carpeting and plywoait formaldehyde
(H-CO) gas. Paint and solvents give off volatile oigacompounds
(VOCs) as they dry. Lead paint can degeneratedasd and be inhaled.
Intentional air pollution is introduced with theeusf air fresheners,
incense, and other scented items. Controlled wwesd in stoves and
fireplaces can add significant amounts of smokéqaates into the air,
inside and out. Indoor pollution fatalities may teused by using
pesticides and other chemical sprays indoors withoaper ventilation.
Carbon monoxide (CO) poisoning and fatalities afterocaused by
faulty vents and chimneys, or by the burning of rchal indoors.
Chronic carbon monoxide poisoning can result evemfpoorly
adjusted pilot lights. Traps are built into all destic plumbing to keep
sewer gas, hydrogen sulphide, out of interiors. tiilg emits
tetrachloroethylene, or other dry cleaning fluitts, days after dry
cleaning.
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Though its use has now been banned in many cosinthie extensive
use of asbestos in industrial and domestic enviesisin the past has
left a potentially very dangerous material in mamgalities. Asbestosis
Is a chronic inflammatory medical condition affecfithe tissue of the
lungs. It occurs after long-term, heavy exposureasbestos from
asbestos-containing materials in structures. Serferhave severe
dyspnea (shortness of breath) and are at an imxteask regarding
several different types of lung cancer. As cleaplaxations are not
always stressed in non-technical literature, cdreulsl be taken to
distinguish between several forms of relevant diseaAccording to the
World Health Organisation (WHO), these may defirse] asbestosis,
lung cancer andPeritoneal Mesotheliomégenerally a very rare form
of cancer, when more widespread it is almost alwassociated with
prolonged exposure to asbestos).

Biological sources of air pollution are also foundoors, as gases and
airborne particulates. Pets produce dander, pgomduce dust from
minute skin flakes and decomposed hair, dust mitesbedding,
carpeting and furniture produce enzymes and micteysized faecal
droppings, inhabitants emit methane, mould forms walls and
generates mycotoxins and spores, air conditionystems can incubate
Legionnaires' disease and mould, and houseplaritsarsl surrounding
gardens can produce pollen, dust, and mould. Irsddbe lack of air
circulation allows these airborne pollutants to uacalate more than
they would otherwise occur in nature.

3.6 Pathophysiology (Health Effects) of Air Pollutants

Pollutants enter the human body in three main @iffe ways: by

inhalation, ingestion or skin absorption. The amooh any given

pollutant that is received is often termed the dodee dose will be

dependent on the duration and intensity of the sxypo Organ dose
refers specifically to the amount that reacheshtliean organ where the
relevant effects can occur, e.g. the lung.

In many cases, exposure may occur simultaneousty fnany sources
and through multiple routes. Pathways of exposureslead, for
example, include air pollution from traffic and ustrial emissions,
drinking water, food, tobacco smoking, dusts, mmairgnd other
industrially produced commodities and soil. Valxpesure assessment
therefore typically requires detailed knowledge wthitve geographical
distribution of the pollutants of concern, the temrg) variations in
pollution levels, and the processes of exposure.
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People are often exposed to different pollutantsiukaneously.
Exposure to these may occur at different locat{@ns. in the workplace
and/or at home) and at different times.

The full range of factors which therefore may neéede examined is
potentially large. It may include many different veonmental

pollutants (including hazardous chemicals, radivdgt dusts and

particulates), from many different sources (inchgdenergy production,
industry, pesticide use), released either contislyoor sporadically,
and either under controlled conditions (i.e. deblie discharges) or
accidentally.

Air pollution is a significant risk factor for miiie health conditions
including respiratory infections, heart diseased alung cancer,

according to the WHO. The health effects causeaibyollution may

include difficulty in breathing, wheezing, coughiagd aggravation of
existing respiratory and cardiac conditions. Thefects can result in
increased medication use, increased doctor or emeygroom Vvisits,

more hospital admissions and premature death. Tumeah health

effects of poor air quality are far reaching, buihg@pally affect the

body's respiratory system and the cardiovasculatesy. Individual

reactions to air pollutants depend on the type alfupant a person is
exposed to, the degree of exposure, the indiveldadalth status and
genetics.

The most common sources of air pollution includetipalate matter,
ozone, nitrogen dioxide, and sulphur dioxide. Boithoor and outdoor
air pollution have caused approximately 3.3 millid@aths worldwide.
Children aged less than five years that live inaligmng countries are
the most vulnerable population in terms of totahtte attributable to
indoor and outdoor air pollution.

Diesel exhaust (DE) is a major contributor to costlmn derived
particulate matter air pollution. In several hunmexperimental studies,
using a well validated exposure chamber setup, B ldeen linked to
acute vascular dysfunction and increased thromlousdtion. This
serves as a plausible mechanistic link betweempteeously described
association between particulate matter air poliut@and increased
cardiovascular morbidity and mortality.

3.6.1 Effects on Cardiovascular Health

Air pollution is also emerging as a risk factor &roke, particularly in

developing countries where pollutant levels aréhégy. A recent study
also found an association in women between aiupoti and ischemia,
but not hemorrhagic stroke. Air pollution has ats®n associated with
increased incidence and mortality from coronargrartlisease.
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3.6.2 Effects on Cystic Fibrosis

A study from around the years of 1999 to 2000, oy Wniversity of
Washington, showed that patients near and arouritydate matter air
pollution had an increased risk of pulmonary exaagons and decrease
in lung function. As cystic fibrosis patients aldga suffer from
decreased lung function, everyday pollutants sichBrmaoke, emissions
from automobiles, tobacco smoke and improper usedior heating
devices could further compromise lung function.

3.6.3 Effects on COPD and Asthma

Chronic obstructive pulmonary disease (COPD) inetudiseases such
as chronic bronchitis and emphysema.

It is believed that much like cystic fibrosis, dyihg in a more urban
environment serious health hazards become moreagp&tudies have
shown that in urban areas patients suffer mucugrsgpcretion, lower
levels of lung function, and more self diagnosischfonic bronchitis
and emphysema.

3.6.4 Possible Links to Cancer

A large Danish epidemiological study found an iased risk of lung
cancer for patients who lived in areas with highlragen oxide
concentrations. In this study, the association wagher for non-
smokers than smokers. There are also possibleiassos between air
pollution and other forms of cancer, including ¢eav cancer and brain
cancer.

3.6.5 Effects on Children

Cities around the world with high exposure to adtiygants have the
possibility of children living within them to dewag asthma, pneumonia
and other lower respiratory infections as well deva initial birth rate.
Protective measures to ensure the youths' heatheang taken in cities
such as New Delhi, India where buses now use caspdenatural gas
to help eliminate the "pea-soup” smog. Those patfiigt are known as
the criteria pollutants, and include ozone, paldtai matter, sulphur
dioxide, nitrogen dioxide, carbon monoxide, andildaecause children
are outdoors more and have higher minute ventilatiey are more
susceptible to the dangers of air pollution.
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3.6.6 Health Effects in Relatively "Clean" Areas

Even in the areas with relatively low levels of awollution, public
health effects can be significant and costly, siackarge number of
people breathe in such pollutants.

3.7 Air Quality Health Index

The Air Quality Health Index or "AQHI" provides aimber from 1 to
10+ to indicate the level of health risk associataith local air quality.
Occasionally, when the amount of air pollution Imyarmally high, the
number may exceed 10. The AQHI provides a locabaality current
value as well as a local air quality maximums fastdor today, tonight
and tomorrow and provides associated health advice.

Table 4.2: Air Quality Health Index

1 2 3 4 5 6 10

Risk: Low (1-Moderate (4-High (7-Very high (above
) 6) 10) 10)

As it is now known that even low levels of air poibn can trigger
discomfort for the sensitive population, the indies been developed as
a continuum: The higher the number, the greaterhiadth risk and
need to take precautions. The index describesetd bf health risk
associated with this number dew’, _moderate’, high' or _very high’,
and suggests steps that can be taken to reducewgpo

Table 4.3: Air Quality Health Index

Health Air Health Messages
Risk Quality
Health
Index
At Risk population | General Population
Low 1-3
Enjoy your wusuallldeal air quality for
outdoor activities. outdoor activities
Moderate | 4-6 Consider reducing| No need to modifyyour

or rescheduling usual outdoor activitie
strenuous  activitiesunless you experienge
outdoors if you are symptoms such as
experiencing coughing and throat
symptoms. irritation.

lv2)
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High 7-10 Reduce or | Consider reducing or
reschedule strenuousescheduling strenuous
activities  outdoors| activities outdoors if you
Children and the experience symptoms
elderly should alsosuch as coughing and

take it easy. throat irritation.
Very Above | Avoid strenuous Reduce or reschedule
high 10 activities  outdoors| strenuous activities
Children and the outdoors, especially if
elderly should alsoyou experience
avoid outdoor| symptoms such as
physical exertion. coughing and throat
irritation.

It is measured based on the observed relationshiptregen dioxide
(NO2), ground-level ozone () and particulate matter (P with

mortality from an analysis of several CanadianesitiSignificantly, all
three of these pollutants can pose health risken et low levels of
exposure, especially among those with pre-existegjth problems.

When developing the AQHI, Health Canada’s origaadlysis of health
effects included five major air pollutants: partete matter, ozone, and
nitrogen dioxide (N®@, as well as sulphur dioxide (2 and carbon
monoxide (CO). The latter two pollutants providétd information in
predicting health effects and were removed fromARQaH| formulation.
The AQHI does not measure the effects of odoureppldust, heat or
humidity.

3.8 Environmental Impacts of Greenhouse Gas Pollutants

The greenhouse effect is a phenomenon whereby lypesa gases
create a condition in the upper atmosphere causitrgpping of heat
and leading to increased surface and lower tropgphemperatures.
Carbon dioxide emissions from combustion of fofisdlls are a source
of greenhouse gas emissions.

Other greenhouse gases include methane, hydrofadrons,
perfluorocarbons, chlorofluorocarbons, nitrogerdesi and ozone.

For more refer industrial dust, air pollution ancelated occupational
diseases.
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40 CONCLUSION

This unit explained the concept of air pollutiordadentified pollutants
in the atmosphere that pose adverse health effectam.

In the next unit, we will discuss the presence aftful substances in
water and the pathway and pathophysiology.

5.0 SUMMARY

Air pollution is the introduction of chemicals, paulate matter, or
biological materials that cause harm or discomforhumans or other
living organisms, or cause damage to the naturer@mment or built
environment, into the atmosphere.

An air pollutant is a substance in the air that camse harm to humans
and the environment. Pollutants can be in the fofrreolid particles,
liquid droplets, or gases. In addition, they mayhbaral or man-made.
Pollutants can be classified as primary or secgndar

I. Primary pollutants are directly emitted from a @s®, such as
ash from a volcanic eruption, the carbon monoxide fjom a
motor vehicle exhaust or sulfur dioxide releasednfifactories.

. Secondary pollutants are not emitted directly. Batthey form
in the air when primary pollutants react or intérac

Sources of air pollutants refer to the various fiores, activities or
factors which are responsible for the releasingop@futants into the
atmosphere. These sources can be classified imtartajor categories
which are:

a. Anthropogenic sources (human activity) mostly edatto
burning different kinds of fuel
b. Natural sources

Emission factors

Air pollutant emission factors are representatiadugs that people
attempt to relate the quantity of a pollutant reézhto the ambient air
with an activity associated with the release of galutant.

Indoor air quality (IAQ)

Indoor air may contain substances as benzene, rcanbonoxide,
formaldehyde, naphthalene, nitrogen dioxide, patlicy aromatic
hydrocarbons (especially benafgyrene), radon, trichloroethylene and
tetrachloroethylene which are hazardousness tothheald are often
found indoors in concentrations of health concern.
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Pathophysiology (Health effects) of air pollutants

Pollutants enter the human body in three main wiffe ways: by

inhalation, ingestion or skin absorption. The antooh any given

pollutant that is received is often termed the dodse dose will be

dependent on the duration and intensity of the supo Organ dose
refers specifically to the amount that reacheshtimean organ where the
relevant effects can occur, e.g. the lung.

Environmental impacts of greenhouse gas pollutants

The greenhouse effect is a phenomenon whereby lypesa gases
create a condition in the upper atmosphere causitrgpping of heat
and leading to increased surface and lower tropogphemperatures.
Carbon dioxide emissions from combustion of fofisdlls are a source
of greenhouse gas emissions.

Toxicologic Effects (pathophysiology) of Air Polluion

(@)

(b)

(©)

(d)

()
6.0

PwpnpE
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It affects respiratory system of living organismsdacauses
bronchitis, asthma, lung cancer, pneumonia etc. b@ar
monoxide (CO) emitted from motor vehicles and cifa@r smoke
affects the central nervous system.

Due to depletion of ozone layer, UV radiation rezckhe earth.
UV radiation causes skin cancer, damage to eyesiranmiine
system.

Acid rain is also a result of air pollution. This caused by
presence of oxides of nitrogen and sulphur in thie Ehese
oxides dissolve in rain water to form nitric aciddasulphuric
acid respectively. Various monuments, buildings] atatues are
damaged due to corrosion by acid present in the fEhe soil
also becomes acidic. The cumulative effect is thadggl
degradation of soil and a decline in forest andicaural
productivity.

The green house gases, such as carbon dioxide) (&Qul
methane (Ch) trap the heat radiated from earth. This leadsnto
increase in earth’s temperature.

Some toxic metals and pesticides also cause airtipol.

TUTOR-MARKED ASSIGNMENT

State what is air pollution

Identify five air pollutants
Enumerate five causes of pollution
Identify five effects of pollutants.



7.0 REFERENCES/FURTHER READING

"http://en.wikipedia.org/w/index.php?title=Air_potion&oldid=50606
6216" On August 11, 2012.

World Health Organization (2010WHO guideline for indoor air
guality: selected pollutants.
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UNIT 3 WATER POLLUTANTS: CONCEPTS,
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PATHOPHYSIOLOGY
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1.0 INTRODUCTION

In Unit 2, we discussed the presence of pollutamtthe atmosphere
which results in air pollution, in this unit, we lWwiunderstand the
concept of water pollution caused by the presehgeltutants in water.

Water is one of the prime necessities of life. Wiitbreasing number of
people depend on this resource; water has becasnaree commodity.

Pollution makes even the limited available watditifor use. Water is

said to be polluted when there is any physicallogical or chemical

change in water quality that adversely affectsgjvorganisms or makes
water unsuitable for use.

Sources of water pollution are mainly factorieswpo plants, coal
mines and oil wells situated either close to wataurce or away from
sources. They discharge pollutants directly orrgxtly into the water
sources like river, lakes, and water streams. Redad get the details.
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

. explain the concept of water pollution
. identify common water pollutants and their sources
. enumerate the effects of water pollution.

3.0 MAIN CONTENT

3.1 Meaning of Water Pollution

Water pollution is the contamination of water bodies (e.g. lake®rs,
oceans, aquifers and groundwater). Water pollutmcurs when
pollutants are discharged directly or indirectlyoimvater bodies without
adequate treatment to remove harmful compounds.

Water is typically referred to as polluted whenist impaired by
anthropogenic contaminants and either does notocstigphuman use,
such as drinking water, and/or undergoes a markidis its ability to
support its constituent biotic communities, such fah. Natural
phenomena such as volcanoes, algae blooms, stardsearthquakes
also cause major changes in water quality and tioéogical status of
water.

Water pollution affects plants and organisms livingthese bodies of
water. In almost all cases the effect is damagioigomly to individual
species and populations, but also to the natucdddiical communities.

3.2 Pathophysiology of Water Pollutants
The contamination of ground water of water bodikse livers, lakes,
wetlands, estuaries, and oceans can threaten #in fleé humans and

aquatic life. The harmful effects of water pollutiare:

(@ Human beings become victims of various water batiseases,
such as typhoid, cholera, dysentery, hepatitis)jae, etc.

(b) The presence of acids/alkalis in water destroys the

microorganisms, thereby hindering the self-purifma process
in the rivers or water bodies. Agriculture is atét badly due to
polluted water. Marine eco-systems are affecteciesdly.

(c) The sewage waste promotes growth of phytoplanktowater
bodies; causing reduction of dissolved oxygen.
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Pollution of water bodies with nutrients (princilyalnitrogen and
phosphorus) can result in the growth of algae ahdroaquatic plants
that shade or clog streams. If wastewater contgirbiodegradable
organic matter is discharged into a stream witldegmate dissolved
oxygen, the water downstream of the point of disghawill become
anaerobic and will be turbid and dark. Settleabl&ls will be deposited
on the streambed, and anaerobic decompositionoedur. Over the
reach of stream where the dissolved-oxygen coredgonr is zero, a
zone of putrefaction will occur with the productiosf hydrogen
sulphide (HS), ammonia (NB), and other odorous gases. Because
many fish species require a minimum of 4-5 mg skadlived oxygen
per litre of water, they will be unable to surviwethis portion of the
stream.

(d)  Poisonous industrial wastes present in water badfest the fish
population and deprives us of one of our sourcdead. It also
kills other animals living in fresh water.

Direct exposures to toxic chemicals are also atlheabncern for
individual aquatic plants and animals. Chemicalshsas pesticides are
frequently transported to lakes and rivers via fijramd they can have
harmful effects on aquatic life. Toxic chemicalsvéadbeen shown to
reduce the growth, survival, reproductive outpuat] disease resistance
of exposed organisms. These effects can have iagocbnsequences
for the viability of aquatic populations and comnii@s.

(e) The quality of underground water is also affected tb toxicity
and pollutant content of surface water.

3.3 Sources of Water Pollution

Sources of surface water pollution are generallguged into two
categories based on their origin:

N Cer

Daining an Abandoned Cpper

Fig. 44: A Polluted River
Mine on Anglesey
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() Point-source pollution

The pollutants are discharged from a discrete logahto a waterway
from a single, identifiable source, such as a pipditch. Examples of
sources in this category include discharges frosewage treatment
plant, a factory, or a city storm drain. Sewagdaiist and oil spills are
examples of point-source pollution. The U.S. Clgdater Act (CWA)
defines point source in 1987 to include municigatm sewer systems,
as well as industrial storm water, such as fronstioction sites.

(i)  Non-point-source or diffuse pollution

This is referring to all of the other dischargeattteliver contaminants
to water bodies. Acid rain and unconfined runotinfr agricultural or
urban areas falls under this category. A commonmgia is the
leaching out of nitrogen compounds from fertilizaglricultural lands.
Nutrient runoff in storm water from "sheet flow" ewvan agricultural
field or a forest is also cited as examples of NP@&Ilution.
Contaminated storm water washed off of parking,lotsads and
highways, called urban runoff, is sometimes inctudader the category
of NPS pollution.

3.4 Groundwater Pollution and Thermal Pollution

Interactions between groundwater and surface water complex.
Consequently, groundwater pollution, sometimes rrefe to as
groundwater contamination, is not as easily classified as surface water
pollution.

The specific contaminants leading to pollution iater include a wide
spectrum of chemicals, pathogens, and physicams@y changes such
as elevated temperature and discoloration. Whileynad the chemicals
and substances that are regulated may be nate@dlyrring (calcium,
sodium, iron, manganese, etc.) the concentratioaften the key in
determining what is a natural component of waterd avhat is a
contaminant. High concentrations of naturally odogy substances can
have negative impacts on aquatic flora and fauna.

Thermal pollution

Thermal pollution is the rise or fall in the tematerre of a natural body
of water caused by human influence. Thermal paliytunlike chemical
pollution, results in a change in the physical grbps of water. A
common cause of thermal pollution is the use ofewat a coolant by
power plants and industrial manufacturers. Elevatater temperatures
decreases oxygen levels (which can kill fish) affdcés ecosystem
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composition, such as invasion by new thermophijpecges. Urban
runoff may also elevate temperature in surface rgate

Thermal pollution can also be caused by the reledsery cold water
from the base of reservoirs into warmer rivers.

3.5 Water Pollutants

The principal contaminants of water include toxiemicals, nutrients,
biodegradable organics, and bacterial and viralhqugns. Water
pollution can affect human health when pollutamtseethe body either
via skin exposure or through the direct consumptbrcontaminated
drinking water and contaminated food.

Prime pollutants, including DDT and polychlorinateighenyls (PCBs),
persist in the natural environment and bioaccurnanaoccurs in the
tissues of aquatic organisms. These prolonged amsispent organic
pollutants are transferred up the food chain aeg ttan reach levels of
concern in fish species that are eaten by humans.

3.5.1 Water Pollution by Pesticides

The impact on water quality by pesticides is asdged with the
following factors:

. active ingredient in the pesticide formulation
. contaminants that exist as impurities in the aatigeedient
. additives that are mixed with the active ingredi¢ntetting

agents, diluents or solvents, extenders, adhesibeffers,
preservatives and emulsifiers)

. degradate that is formed during chemical, microbaa
photochemical degradation of the active ingredient.

3.5.2 Factors affecting Pathophysiology of Toxicity in Agiatic
Systems

The ecological impacts of pesticides in water atenined by toxicity,
persistence, degradates and fate.
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Table 4.4:Ecological Impacts of Pesticides in Water

Toxicity:

Mammalian and non-mammalian toxicity usua
expressed as Ldo ("Lethal Dose": concentratio
of the pesticide which will kill half the tes
organisms over a specified test period). The lo
the LDso, the greater the toxicityalues of 0-10
are extremely toxic(OMAF, 1991).

[y
n

5t
ver

Drinking water and food guidelines are

determined wusing a risk-based assessn
Generally, Risk = Exposure (amount and
duration) x Toxicity.

lent.
or

Toxic response (effect) can laeute (death) or
chronic (an effect that does not cause death ¢
the test period but which causes observable ef
in the test organism such as cancers and tumot
reproductive failure, growth inhibition, teratoger
effects, etc.).

wver
fects
urs,

I

Persistence:

Measured as half-life (time required for t
ambient concentration to decrease by 50
Persistence is determined by biotic and abi
degradational processes. Biotic processes
biodegradation and metabolism; abiotic proces
are mainly hydrolysis, photolysis, and oxidati
(Calamari and Barg, 1993). Modern pesticides
tend to have short half lives that reflect the qer
over which the pest needs to be controlled.

he
%).
ptic
are
5Ses
on

Degradates:

The degradational process may lead to format

ion

of "degradates" which may have greater, equal or

lesser toxicity than the parent compound. As
example, DDT degrades to DDD and DDE.

an

Fate

(Environmental):

The environmental fate (behaviour) of a pestig
is affected by the natural affinity of the chemi
for one of four environmental compartmel
(Calamari and Barg, 1993): solid matter (mine
matter and particulate organic carbon), lig
(solubility in surface and soil water), gaseousig
(volatilisation), and biota. This behaviour is oft
referred to as ‘“partitioning” and involve

respectively, the determination of: the soil sampti

coefficient (Koc); solubility; Henry's Constar
(H); and the n-octanol/water partition coefficie
(Kow). These parameters are well known fq
pesticides and are wused to predict

ide
cal
nts
ral
uid
I
e
S,

t
Nt
r
the

environmental fate of the pestici
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An additional factor can be the presence of immgiin the pesticide
formulation that are not part of the active ingesdi A recent example
is the case of TFM, a lampricide used in tribusioé the Great Lakes
for many years for the control of the sea lampréjthough the
environmental fate of TFM has been well known fany years, recent
research by Munkittriclet al. (1994) has found that TFM formulation
includes one or more highly potent impurities thidpact on the
hormonal system of fish and cause liver disease.

3.5.3 Chemical and other contaminants

Fi. 4.5. Raw ewage and Industrial Waste flows aoss
International Borders—New River passes from Mexical to
Calexico, California

Contaminants may include organic and inorganictsimgss.

Organic water pollutants include:

. Detergents

. Disinfection by-products found in chemically disofed
drinking water, such as chloroform

. Food processing waste, which can include oxygenaseing
substances, fats and grease

. Insecticides and herbicides, a huge range of otgdiies and
other chemical compounds

. Petroleum hydrocarbons, including fuels (gasolidiesel fuel,

jet fuels, and fuel oil) and lubricants (motor pilnd fuel
combustion by-products, from storm water runoff

. Tree and bush debris from logging operations

. Volatile organic compounds (VOCSs), such as indaksolvents,
from improper storage.
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Chlorinated solvents, which are dense non-aquebasepliquids
(DNAPLS), may fall to the bottom of reservoirs, @nthey don't
mix well with water and are denser.

Polychlorinated biphenyl (PCBs)

Trichloroethylene

Perchlorate

Various chemical compounds found in personal hygiand
cosmetic products.

Inorganic water pollutants include:

Acidity caused by industrial discharges (especiaiyphur
dioxide from power plants)

Ammonia from food processing waste

Chemical waste as industrial by-products

Fertilizers containing nutrients--nitrates and piteges—which
are found in stormwater runoff from agriculture, a®ll as
commercial and residential use

Heavy metals from motor vehicles (via urban stormewa
runoff) and acid mine drainage

Silt (sediment) in runoff from construction sitédsgging, slash
and burn practices or land clearing sites.

Macroscopic pollution—large visible items polluting the water—agn
be termed "floatables" in an urban stormwater cdnta marine debris
when found on the open seas, and can include &S as:

4.0

Trash or garbage (e.g. paper, plastic, or food eyaiscarded by
people on the ground, along with accidental or natmal
dumping of rubbish, that are washed by rainfalh istorm drains
and eventually discharged into surface waters

Nurdles, small ubiquitous waterborne plastic pellet
Shipwrecks, large derelict ships.

CONCLUSION

The concept of water pollution is discussed with theniification of
types of pollution and pollutant. The pollutantsrevdound to have
effects on humans directly and indirectly throudteit ecological
effects.

In the next unit, we will discuss the effect of lptdnts on land which
ultimately affects man.
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5.0 SUMMARY

Water pollution is the contamination of water bodies (e.g. lake®rs,
oceans, aquifers and groundwater). Water pollutamcurs when
pollutants are discharged directly or indirectlyoimnvater bodies without
adequate treatment to remove harmful compounds.

The harmful effects of water pollution are:

(@) Various water borne diseases, such as typhoid, echol
dysentery, hepatitis, jaundice, etc.

(b) The presence of acids/alkalis in water destroys the
microorganisms.

(c) The sewage waste promotes growth of phytoplanktowater
bodies.

(d)  Poisonous industrial wastes present in water badfest the fish
population.

(e)  The quality of underground water is also affectad tb toxicity
and pollutant content of surface water.

A change in the chemical, physical, biological, aadiological quality
of water that is injurious to its uses is calledtevgolution. The term
—water pollutionl generally refers to human-induced changes to water
qguality. Thus, the discharge of toxic chemicalsrfrcndustries or the
release of human or livestock waste into a nearlagemw body is
considered pollution.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain what water pollution is.
2. Identify five water pollutants.
3. State possible effects of water pollutants on human

7.0 REFERENCE/FURTHER READING

Retrieved from Nttp://en.wikipedia.org /w/index.php?title=Water
pollution&oldid=505453536
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1.0 INTRODUCTION

In Unit 3 of this Module, we discussed the conceptesence, effects
and pathophysiology of water pollutants. In thistuwe will explain
the concepts, effects and pathophysiology of harndubstances
discharged on our lands.

Land pollution occurs when hazardous wastes comizeisoil and
groundwater due to inadequate or irresponsible od&lp measures.
Abandoned or neglected waste disposal sites aggteydarly difficult
and expensive problem for society. Sometimes, kazsr waste is
disposed of illegally and in an even more dangerasner because the
owner cannot find a cheap way to get rid of it. ugtffind out more.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

explain what is land pollution

identify the causes of land pollution

identify common land pollutants in the environment
enumerate the pathophysiology of the toxicity ofdgollutants.
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3.0 MAIN CONTENT
2.1 Basic Concept of Soil or Land Pollution

Soil contamination or soil pollution is caused Hye tpresence of
xenobiotic (human-made) chemicals or other altenain the natural
soil environment.

3.2 Causes of Soil Pollution
These include:

1. Application of pesticides, especially in the faandls.

2. It arises from the failure caused by corrosion pélerground
storage tanks (including piping used to transn@tdbntents).

3. Percolation of contaminated surface water to sdaserstrata.

4. Oil and fuel dumping.

5 Leaching of wastes from landfills or direct disaiof industrial
wastes to the soil.

6. Disposal of coal ash. Coal naturally concentragesl land zinc.
Coal ash and slag may contain sufficient lead talijuas a
“characteristic hazardous waste", defined in theAUS8s
containing more than 5 mg/L of extractable leachgithe TCLP
procedure. In addition to lead, coal ash typicaflgntains
variable but significant concentrations of polyreal aromatic
hydrocarbons (PAHSs; e.g., benzo(a)anthracene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benpg(ane,
indeno(cd)pyrene, phenanthrene, anthracene, areisptiThese
PAHs are known human carcinogens and the acceptable
concentrations of them in soil are typically arodnehg/kg.

3.3 Common Soil Pollutants

The most common chemicals involved are petroleurdrdoarbons,
lead, polynuclear aromatic hydrocarbons (such gshthalene and
benzo(a)pyrene), solvents, pesticides, and othawyhenetals. This
occurrence of this phenomenon is correlated wite tlegree of
industrialisation and intensities of chemical usage

3.4 Effects of Soil Contamination

The concern over soil contamination stems primdriyn health risks,
from direct contact with the contaminated soil, sas from the
contaminants, and from secondary contamination afew supplies
within and underlying the soil (US EPA).
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3.5 Health Effects of Soil Pollution

Contaminated or polluted soil directly affects humiaealth through
direct contact with soil or via inhalation of sabntaminants which
have vapourised; potentially greater threats asegdoy the infiltration
of soil contamination into groundwater aquifers dustor human
consumption, sometimes in areas apparently far vethdrom any
apparent source of above ground contamination.

Health consequences from exposure to soil contdinmaary greatly

depending on pollutant type, pathway of attack amderability of the

exposed population. Chronic exposure to chromiugadland other
metals, petroleum, solvents, and many pesticide dedbicide

formulations can be carcinogenic, can cause cotajefisorders, or can
cause other chronic health conditions. Industrial man-made
concentrations of naturally occurring substanceshsas nitrate and
ammonia associated with livestock manure from agjtical operations,
have also been identified as health hazards irasdilgroundwater.

Chronic exposure to benzene at sufficient conceairsiis known to be
associated with higher incidence of leukaemia. Mgrand cyclodienes
are known to induce higher incidences of kidney agen some
irreversible. PCBs and cyclodienes are linkedwerltoxicity.

Organophosphates and carbomates can induce a cha@sponses
leading to neuromuscular blockage. Many chlorinadelyents induce
liver changes, kidney changes and depression otéhé&al nervous
system. There is an entire spectrum of furthertheaffects such as
headache, nausea, fatigue, eye irritation and ilsh for the above
cited and other chemicals. At sufficient dosageEs@e number of soll
contaminants can cause death by exposure via doetact, inhalation
or ingestion of contaminants in groundwater contetad through soil.
The Scottish Government has commissioned the utestit of
Occupational Medicine to undertake a review of rodghto assess risk
to human health from contaminated land. The oveiail of the project
Is to work up guidance that should be useful toti®&do Local
Authorities in assessing whether sites repressigraficant possibility
of significant harm (SPOSH) to human health. Ensisaged that the
output of the project will be a short document pdovg high level
guidance on health risk assessment with referenegisting published
guidance and methodologies that have been idahtdi® being
particularly relevant and helpful. The project v@kamine how policy
guidelines have been developed for determiningaiteeptability of
risks to human health and propose an approachsggsaing what
constitutes unacceptable risk in line with theecrd for SPOSH as
defined in the legislation and the Scottish Staju@uidance.
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3.6 Effects of Land Pollution on the Ecosystem

Not unexpectedly, soil contaminants can have dgant deleterious
consequences on ecosystems. There are radicahsailistry changes
which can arise from the presence of many hazardoeicals even at
low concentration of the contaminant species. Tha®nges can
manifest in the alteration of metabolism of endemicroorganisms and
arthropods resident in a given soil environmente Tasult can be
virtual eradication of some of the primary food ichavhich in turn
could have major consequences for predator or coassgapecies. Even
if the chemical effect on lower life forms is smahe lower pyramid
levels of the food chain may ingest alien chemjcalsich normally
become more concentrated for each consuming rutigedbod chain.
Many of these effects are now well known, suchhascbncentration of
persistent DDT materials for avian consumers, lgath weakening of
egg shells, increased chick mortality and potemtxéinction of species.
Land pollution is a threat to the environment, éod safety and to
sustainable agriculture. Effects occur to agrigaltlands which have
certain types of soil contamination. Contaminagtsdally alter plant
metabolism, often causing a reduction in crop \wel@his has a
secondary effect upon soil conservation, sinceldhguishing crops
cannot shield the Earth's soil from erosion. Sorh¢hese chemical
contaminants have long half-lives and in other saderivative
chemicals are formed from decay of primary soiltaarnnants.

According to a scientific sampling, 150 million nm({.00,000 square
kilometres) of China's cultivated land have beenllyted, with
contaminated water being used to irrigate a furtB25 million mi.
(21,670 square kilometres) and another 2 million (@300 square
kilometres) covered or destroyed by solid waste.tdtal, the area
accounts for one-tenth of China‘s cultivatable laadd are mostly in
economically developed areas. An estimated 12aniltonnes of grain
are contaminated by heavy metals every year, cqudinect losses of
20 billion Yuan (US$2.57 billion).

4.0 CONCLUSION

So far we had explained the concepts of soil poltuand effects of the
exposure on man and his environment. Often timakpsllution leads
to water pollution.

In the next unit, we shall study how to evaluate éffects of toxicants
or unknown substances using the dose-responseptonce
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5.0 SUMMARY

Soil contamination or soil pollution is caused by the presence of
xenobiotic (human-made) chemicals or other altenain the natural
soil environment.

Causes of solil pollution include:

1. Application of pesticides, especially in the faandls.

2. It arises from the failure caused by corrosion pnélerground
storage tanks (including piping used to transn@tdbntents).

3. Percolation of contaminated surface water to sdaserstrata.

4, Oil and fuel dumping

5 Leaching of wastes from landfills or direct disay@pof industrial
wastes to the soil.

6. Disposal of coal ash. Coal naturally concentragad and zinc.

Common soil pollutants

The most common chemicals involved are petroleurdrdoarbons,
lead, polynuclear aromatic hydrocarbons (such gshthalene and
benzo(a)pyrene), solvents, pesticides, and othawyhenetals. This
occurrence of this phenomenon is correlated wite tlegree of
industrialisation and intensities of chemical usage

Effects of soil contamination

The concern over soil contamination stems primdriyn health risks,
from direct contact with the contaminated soil, eas from the
contaminants, and from secondary contamination afew supplies
within and underlying the soil (US EPA).

Health effects of soil pollution

Health consequences from exposure to soil contdimmaary greatly
depending on pollutant type, pathway of attack amderability of the
exposed population. Chronic exposure to chromiugadland other
metals, petroleum, solvents, and many pesticide dedbicide
formulations can be carcinogenic, can cause cotajefisorders, or can
cause other chronic health conditions. Industrial man-made
concentrations of naturally occurring substanceshsas nitrate and
ammonia associated with livestock manure from agjtical operations,
have also been identified as health hazards irasdilgroundwater.
Chronic exposure to benzene at sufficient conceairsiis known to be
associated with higher incidence of leukaemia. Mgrend cyclodienes
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are known to induce higher incidences of kidney age some
irreversible.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define soil pollution.
2. Identify four soil pollutants found in your envinoent.
3. Explain how these pollutant cause diseases to man.
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8.0 INTRODUCTION

In the last unit of Module 4, we discussed howttiacants in the soil
can cause a change in the human body. In this waitwill discuss the
most important factor that affects the effect ofi¢ant. This is the dose.

According to Paracelsus, dose determines the difter between
therapeutic and toxicant: "The right dose diffelaies a poison and a
remedy. You will understand the concept and importancedage in
toxicology.

The science of toxicology is based on the princihlat there is a
relationship between a toxic reaction (the resppasé the amount of
poison received (the dose). Important assumptiothigirelationship is
that there is almost always a dose below whichaspanse occurs or
can be measured and that once a maximum responeadsed any
further increases in the dose will not result iy arcreased effect.
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9.0 OBJECTIVES

At the end of the unit, you should be able to:

. define the concept of dose and other parameterd wuse
measuring dose

. explain the dose-response relationship

. estimate effect from known a dose.

10.0 MAIN CONTENT

10.1 Definition of Dose

Doseis the amount of a substance administered at one. tOther
parameters used to characterise the exposure tbiatias include the
number of doses, frequency, and total time peridtietreatment.

For example: 10 mg DDT per day for 90 days

3.1.1 Types of Doses of a Toxicant

Exposure dose the amount of a xenohiotic encountered in
the enviranment

Ahsorbed dose the actual amount of the exposed dose
that enters the body

Administered dose | the gquantity administered usually orally ar
by injection

Total dose the sum of all individual doses

3.1.2 Fractionating a Total Dose

This usually decreases the probability that thaltoibse will cause
toxicity. The reason for this is that the body oftan repair the effect of
each sub-toxic dose if sufficient time passes leefeceiving the next
dose. In such a case, the total dose, harmfulc#ived all at once, is
non-toxic when administered over a period of tifr@: example, 30 mg
of strychnine swallowed at one time could be fadan adult whereas 3
mg of strychnine swallowed each day for ten daysld/aot be fatal.
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3.1.3 The Units for Measuring Dose

The units used in toxicology are basically the samethose used in
medicine. The gram is the standard unit. Howevastrexposures will
be smaller quantities and thus the milligram (nsgdommonly used.

The toxic effects of a dose must be related to ag body size. For
example, 1000mg is the adult dose of paracetani@t Would be quite
toxic to young children, and thus Children's dasealculated. A better
means to allow for comparison of effectiveness #&mxcity is the
amount of a substance administered on a body weggis. A common
dose measurement is mg/kg which stands for mg lestance per kg of
body weight.

Another important aspect is the time over which tHese is
administered. This is especially important for esqoes of several days
or for chronic exposures. The commonly used timi¢ isrone day and
thus, the usual dosage unit is mg/kg/day.

Since some xenobiotics are toxic in much smallengjties than the
milligram, smaller fractions of the gram are ussd¢ch as microgram
(1g). Other units are shown below:

Table 5.1: The Units for Measuring Dose

Unit Gram Equivalents Exp. Form
Kilogram [kqg] 1000.0 g 10 : q
Gram ([g) 1.0 g 1g
Milligram [mg) 0.001 g 10 'Eg
Microgram [[ig] 0.000,001 g 10 N q
Manogram [ng] 0.000,000,001 g 107 g
Picogram (pg) 0.000,000,000,001 g 10 7%
Femtogram [fg) 0.000,000,000,000,001 g | 10" g

Environmental exposure units are expressed as theumt of a
xenobiotic in a unit of the media. Examples:

a. mg/liter (mg/l) for liquids

b. mg/gram (mg/qg) for solids
C. mg/cubic meter (mg/& for air
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Smaller units are used as needed, e.g., pg/ml.r@tmonly used
dose units for substances in media are parts geomippm), parts per
billion (ppb) and parts per trillion (ppt).

10.2 Dose -Response Relationship

The dose-response relationship is a fundamentaéssehtial concept in
toxicology. It correlates exposures and the speattofl induced effects.
Generally, the higher the dose, the more severeesonse. The dose-
response relationship is based on observed data &wperimental
animal, human clinical, or cell studies.

Knowledge of the dose-response relationship:

a. Establishes causality that the chemical has in ifadiiced the
observed effects

b. Establishes the lowest dose where an induced eféecirs - the
threshold effect

C. Determines the rate at which injury builds up - stegpe for the

dose response.

bdarey
[y}
o
o
E Fesistant Sensitive
T | Indiriduals Individuals
= hdajority of
| Minimal Individuals Maximal
o Effect Effect
= Avearage
= Effect

Fen L= —

hAild Fesponse to Same Dose SEVErE
Fig. 5.1:Dose - Response Relationship Graph

Within a population, the majority of responses tmxcant are similar;
however, a wide variance of responses may be etema) some
individuals are susceptible and others resistastdémonstrated above,
a graph of the individual responses can be depiated bell-shaped
standard distribution curve.

194



EHS 411 ENVIRONMENTAL TOXICOLOGY

.

Individuals Responding
(Fercent)

Loy kdaan High
Fesponse Fesponse Fesponse

Fig. 5.2: Graph of the Individual Responses can bdepicted as a
Bell- Shaped Standard Distribution Curve

Dose responses are commonly presented as mean.B. I(s&andard
deviation), which incorporates 68% of the indivithuaThe variance
may also be presented as two standard deviatiomghwncorporates
95% of the responses. A large standard deviatiaficates great
variability of response. For example, a respons&5f8 mg indicates
considerably more variability than 15+2 mg.
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Fig. 5.3: Graph of Dose vs. Response

3.2.1 Dose-Response Curve

Thedose-response curvaormally takes the form of a sigmoid curve. It
conforms to a smooth curve as close as possiblkeetandividual data
points. For most effects, small doses are not tokite point at which
toxicity first appears is known as thiereshold dose level. From that
point, the curve increases with higher dose levelghe hypothetical
curve above, no toxicity occurs at 10 mg whered&bang 100% of the
individuals experience toxic effects.

A threshold for toxic effects occurs at the point where theyedbility
to detoxify a xenobiotic or repair toxic injury hagen exceeded. For
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most organs there is a reserve capacity so that dbssome organ

function does not cause decreased performance.ekample, the

development otirrhosis in the liver may not result in a clinical effect
until over 50% of the liver has been replaced Kydius tissue.

100 Toxicant & —

Toxicant B =——

Threshald a
10

Increasing Dose ——=

Fesponse (Fercent)
(]
]

Fig. 5.4:Dose-Response Curve

Knowledge of theshape and slope of the dose-response curve is
extremely important in predicting the toxicity ofsabstance at specific
dose levels. Major differences among toxicants exagt not only in the
point at which the threshold is reached but alsothe percent of
population responding per unit change in dose, (ilee slope). As
illustrated above, Toxicant A has a higher threghmit a steeper slope
than Toxicant B.

3.2.2 Dose Estimates of Toxic Effects (LD, EC, TD)

Dose-response curves are used to derive dose &sdiro& chemical
substances. A common dose estimate for acute tpxgithe LD50
(Lethal Dose 50%). This is a statistically derivcimbe at which 50% of
the individuals will be expected to die. The figlneow illustrates how
an LD50 of 20 mg is derived.

100

i

% Data Foint
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L&D

5 10 15 20 25 30 35

Dose (mag)
Fig. 5.5:Dose Estimates of Toxic Effects (LD)
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Other dose estimates also may be used. LDO repisese® dose at
which no individuals are expected to die. This ustjbelow the
threshold for lethality. LD10 refers to the dosewdtich 10% of the
individuals will die.

For inhalation toxicity, air concentrations are diser exposure values.
Thus, the L& is utilized which stands for Lethal Concentratie®do,
the calculated concentration of a gas lethal to 506Poa group.
Occasionally LG and LGo are also used.

Effective Doses(EDs) are used to indicate the effectiveness of a
substance. Normally, effective dose refers to a&heial effect (relief of
pain). It might also stand for a harmful effect rggsis). Thus the
specific endpoint must be indicated. The usual seane:

EDO effactive for 0% of the population

ED10 effective for 10% of the population
EDSO eftective for S0% of the population
ED90 eftective for 90% of the population

Toxic DoseqTDs) are utilised to indicate doses that cause adverse
effects. The usual dose estimates are listed below:

TDO toxic to 0% of the population

TD10 toxic to 10% of the population
TD50 toxic to 50% of the population
TD90 toxic to 90% of the population

100
a0

Die/_,_a-

Fesponse (Percent)
(A}
=

—_
=

=

EDT0 EDED EDSO0TDI0  TODSOD TDSO
Increasing Dose ————=

Fig. 5.5:Dose Estimates of Toxic Effects (TD)
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The knowledge of theeffective and toxic dose levels aides the
toxicologist and clinician in determining the r&lat safety of
pharmaceuticals. As shown above, two dose-respansees are
presented for the same drug, one for effectivereests the other for
toxicity. In this case, a dose that is 50-75% dffecdoes not cause
toxicity whereas a 90% effective dose may resul ismall amount of
toxicity.

11.0 CONCLUSION

In this unit, you would have agreed with Paracetbas dose determines
the outcome of any chemical. The type of dose aedukency of
exposure that determines the magnitude of theitgxiere explained.

120 SUMMARY

In this unit, we discussed the following:

. definition of dose and its parameters as exposede,do
administered dose, absorbed dose and total dose

. explanation of the dose —response relationship

. explanation of the dose-response curves and asalysi

13.0 TUTOR-MARKED ASSIGNMENT

Give two units of measuring dose.

Define dose

Give three types of doses

Explain dose-response curve

How can you determine the effect from the dose &hawn
substance?

agroNPE
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1.0 INTRODUCTION

In Unit 1, we discussed the meaning or dose andcefénd the
relationship between them. We found that a padiculose, a toxic
effect may occur and at a higher dose a lethaljfatfect may occur.

In this unit, you will understand this concept dfthal dose or
concentration as well as the toxic dose or conag&atr which is very
important to you as an enforcer of environmentgulations and to any
researcher or toxicologist.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

define a lethal dose

explain a median lethal dose

define a toxic dose

enumerate the difference between lethal dose arbdalle
concentration.

3.0 MAIN CONTENT
3.1 Whatis a Lethal Dose and Lethal Concentration?

1. A lethal dose (LD) is an indication of the lethality (i.e. how
capable something is of causing death) of a giwdrstance or
type of radiation. This is a dose (usually recor@sddose per
kilogram of subject body weight) at which a givegercentageof
subjects will die. The LD may be based on the steshgberson
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concept, a theoretical individual that has perjecthormal”
characteristics, and thus not apply to all sub-faipans. In
contrast, toxic dose is the amount of a substahae rmay be
expected to produce a toxic or harmful effect.

2. Lethal concentration

For gases and aerosolsthal concentration (mg/m? or ppm, parts per
million) is the analogous concept, although thisoatlepends on the
duration of exposure, which has to be includedhia definition. The

lowest known lethal dose, derived from an individcese of poisoning,
is abbreviated.CLo .

Other definitions of a lethal concentration:

LCsoLethal Concentration: Median level concentration, a standard
measure of toxicity. It tells how much of a substis needed to kill
half of a group of experimental organisms in a gitiene. (See LD 50.)
(http://wvww.webref.org/environment/l/lc_50lethal nm@ntration.htm

Lethal Concentration so: Also referred to ascso, @ concentration of a
pollutant or effluent at which 50 per cent of tlsttorganisms dies; a
common measure of acute toxicity.
http://infohouse.pZ2ric.org/ref/01/00402/Iterms.html

Lethal concentration 50% (cs0). The concentration of a chemical in air
or water which is expected to cause death in 50%sifanimals living
in that air or water (http://www.shortschools.oilg8/|_terms_q.html

Lethal Concentration (Lcso): The concentration of a substance needed
to kill half of a population at a specific time olbservation. Lethargy: A
condition of abnormal drowsiness or torpor; a grieak of energy;
apathy(http://www.home-energyservices.com/Gloskary.

Median lethal concentration (Lcso) Statistically derived median
concentration of a substance in an environmentaliume expected to
kill 50% of organisms in a given population undedeafined set of
conditions ( http://sis.nlm.nih.gov/enviro/iupacggary/glossarym.html

Absolute lethal concentration (Lcio0)-LOwest concentration of a
substance in an environmental medium which kill90%0 of test
organisms or species under defined conditions. Vaise is dependent

on the number of organisms wused in its assessment
(http://www.toxicology.org/pm/toxterms.asp
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On the other hand, toxic concentration is Quarditywhich a water-
soluble, liquid, or gaseous substance produces fhhreffects in a
specified test specie over a certain exposure gerio

Read more: http://www.businessdictionary.com/dedinitoxic-
concentration.html#ixzz26P5Pyk5A

3. Determination of lethal dose

LD values for humans are best estimated by extatipgl results from
human cell cultures. One outdated form of extrapmta involves
measuring LD on animals like mice or dogs, conwuertio dosage per
kilogram of biomass, and extrapolating to humarmmsorThe degree of
error from animal-extrapolated LD values is versga The biology of
test animals differs in important aspects to tHdiomans. For instance,
mouse tissue is approximately fifty times less oespve than human
tissue to the venom of the Sydney funnel-web spiflee square-cube
law also complicates the scaling relationships Ived. Researchers are
now shifting away from animal-based LD measuremérite U.S. Food
and Drug Administration has begun to approve maiable non-
animal methods in response to research crueltyetos@and the lack of
validity/sensitivity of animal tests as they rel&dehumans.

3.2 Median Lethal Dose Concept

Lethal doses are usually expressedraslian lethal dose(LD50), the
point where 50% of test subjects exposed would idiethe units of
mg/kg body weight.

In toxicology, themedian lethal dose LDso (abbreviation for—lethal
dose, 50%, LCso (lethal concentration, 50%) ot Ctso (lethal
concentration & time) of a toxin, radiation, or lpagen is the dose
required to kill half the members of a tested papah after a specified
test duration. L figures are frequently used as a general indiaaitar
substance's acute toxicity. The test was createtlWy Trevan in 1927.
The termsemilethal doseis occasionally used with the same meaning,
in particular in translations from non-English-lalage texts, but can
also refer to assulethal dose; because of this ambiguity, it is ugual
avoided. The U.S. Food and Drug Administration bagun to approve
alternative methods to Lo in response to research, cruelty concerns,
and the lack of validity/sensitivity of the testiaselates to humans.
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Median toxic dose (TD50), on the other hand, isdbge that produces a
toxic effect in 50 per cent of the population.

Determination of LDsg

The LDso is usually expressed as the mass of substanceniztened per
unit mass of test subject, such grams of substancper kilogram of
body massStating it this way allows the relative toxiciof different
substances to be compared, and normalises foratation in the size
of the animals exposed (although toxicity doesalaays scale simply
with body mass). Typically, the Ldp of a substance is given in
milligrams per kilogram of body weight. In the cas¥ some
neurotoxins such as batrachotoxin, one of the whestly toxins known,
the LDso may be more conveniently expressed as micrograers p
kilogram (pg/kg) or nanograms per kilogram (ng/&gpody mass.

The choice of 50% lethality as a benchmark avolds gotential for
ambiguity of making measurements in the extremea$ raduces the
amount of testing required. However, this also msetuat Lo is not

the lethal dose for all subjects; some may be kiblg much less, while
others survive doses far higher than thesd_Measures such as "LD

and "LDye" (dosage required to kill 1% or 99%, respectivellythe test
population) are occasionally used for specific psgs.

Lethal dosage often varies depending on the medha@tiministration;
for instance, many substances are less toxic whkemnsstered orally
than when intravenously administered. For thisaea&Dso figures are
often qualified with the mode of administratiorg.e'LDsoi.v.".

The related quantities L4930 or an LR¢/60 are used to refer to a dose
that without treatment will be lethal to 50% of thepulation within
(respectively) 30 or 60 days. These measures a@ m®re commonly
within Radiation Health Physics, as survival beydtl days usually
results in recovery.

A comparable measurement li€tso, which relates to lethal dosage
from exposure, where C is concentration and t nsetilt is often
expressed in terms of mg-min/m3. §€ts the dose that will cause
incapacitation rather than death. These measueescanmonly used to
indicate the comparative efficacy of chemical weefaagents, and
dosages are typically qualified by rates of brewhje.g., resting = 10
I/min) for inhalation, or degree of clothing foriskpenetration. The
concept ofCt was first proposed by Fritz Haber and is sometimes
referred to aslaber's Law, which assumes that exposure to 1 minute of
100 mg/m3 is equivalent to 10 minutes of 10 mg/in% (100 = 100, as
does 10 x 10 = 100).
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Some chemicals, such as hydrogen cyanide, ardyaj@tbxified by the

human body, and do not follow Haber's Law. So,hase cases, the
lethal concentration may be given simply 18850 and qualified by

duration of exposure (e.g., 10 minutes). The Mat&afety Data Sheets
for toxic substances frequently use this form a& term even if the
substance does follow Haber's Law.

For disease-causing organisms, there is also aume&sown as the
median infective dose and dosage. The median iaéedbse (130 is
the number of organisms received by a person orat@mal qualified
by the route of administration (e.g., 1,200 org/rpan oral). Because of
the difficulties in counting actual organisms irdase, infective doses
may be expressed in terms of biological assay, sscthe number of
LDso's to some test animal. In biological warfare ititex dosage is the
number of infective doses per minute for a cubitemée.g., ICi is 100
medium doses - min/m3).

Limitation of LD sg

As a measure of toxicity, Ld9 is somewhat unreliable and results may
vary greatly between testing facilities due to dastsuch as the genetic
characteristics of the sample population, animakcss tested,
environmental factors and mode of administrationother weakness is
that it measures acute toxicity only (as opposedhimnic toxicity at
lower doses), and does not take into account teffiects that do not
result in death but are nonetheless serious (ergin damage). There
can be wide variability between species as wellatwh relatively safe
for rats may very well be extremely toxic for huraaand vice versa. In
other words, a relatively high Ldp does not necessarily mean a
substance is harmless, since its relative harmésldepends on its usual
dose, but a very low one is always a cause forexmnc

When used to test venom from venomous creature$) as snakes,
LDso results may be misleading due to the physiologdiierences
between mice and humans. Many venomous snakes paaksed
predators on mice; their venom may be adapted fapaly to

incapacitate mice. While most mammals have a viemyjas physiology,

LDso results may or may not be directly relevant to hom

3.3 Animal Toxicity Testing

Animal testing is also known asanimal experimentation, animal
research andin vivo testing, is the use of non-human animals in
experiments. Worldwide it is estimated that the hamof vertebrate
animals—from zebra fish to non-human primates—rarfgan the tens
of millions to more than 100 million used annuallyvertebrates, mice,
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rats, birds, fish, frogs, and animals not yet welaaee not included in
the figures in the United States; one estimateioérand rats used in the
US alone in 2001 was 80 million. Most animals awhanised after
being used in an experiment. Sources of laboratmmmals vary

between countries and species; most animals amgogexbred, while

others are caught in the wild or supplied by dealeho obtain them
from auctions and pounds.

The research is conducted inside universities, catdischools,
pharmaceutical companies, farms, defense estaldisisin and
commercial facilities that provide animal-testirgy\sces to industry. It
includes pure research such as genetics, develdgaméiology,
behavioural studies, as well as applied researchh s biomedical
research, xenotransplantation, drug testing andicdibgy tests,
including cosmetics testing. Animals are also uged education,
breeding, and defense research. The practice iglateg to various
degrees in different countries.

Supporters of the use of animals in experimentsh sas the British

Royal Society, argue that virtually every medicahiavement in the
20th century relied on the use of animals in sorag, wvith the Institute

for Laboratory Animal Research of the U.S. NatioWadademy of

Sciences arguing that even sophisticated compatersinable to model
interactions between molecules, cells, tissuesar@gorganisms, and
the environment, making animal research necessarynany areas.
Animal rights, and some animal welfare, organisaie-such as PETA
and BUAV—question the legitimacy of it, arguing thiis cruel, poor

scientific practice, poorly regulated, that medipedgress is being held
back by misleading animal models, that some oftélsés are outdated,
that it cannot reliably predict effects in humatigt the costs outweigh
the benefits, or that animals have an intrinsihitrigot to be used for
experimentation.

Toxicology testing

This is also known as safety testing, is condudigdpoharmaceutical
companies testing drugs, or by contract animaingdgacilities, such as
Huntingdon Life Sciences, on behalf of a wide vgrief customers.
According to 2005 EU figures, around one millioninaals are used
every year in Europe in toxicology tests; which atmut 10% of all
procedures. According tdNature 5,000 animals are used for each
chemical being tested, with 12,000 needed to testipdes. The tests
are conducted without anaesthesia, because intsradietween drugs
can affect how animals detoxify chemicals, and nmgrfere with the
results.
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Fig. 5.6: A Rabbit during a Draize Test
("http://en.wikipedia.org/w/index.php?titte=Medianthial _dose&oldid=
0521720#)

Toxicology tests are used to examine finished pectslusuch as
pesticides, medications, food additives, packingtenes, and air
freshener, or their chemical ingredients. Most stelsivolve testing
ingredients rather than finished products, but etiog to BUAV,
manufacturers believe these tests overestimatetdkie effects of
substances; they therefore repeat the tests useigfinished products
to obtain a less toxic label.

The substances are applied to the skin or drippedthe eyes; injected
intravenously, intramuscularly, or subcutaneoushhaled either by
placing a mask over the animals and restrainingnther by placing
them in an inhalation chamber; or administeredlyrahrough a tube
into the stomach, or simply in the animal's foochsBs may be given
once, repeated regularly for many months, or fa& lifespan of the
animal.

There are several different types of acute toxid#gts. The Lbkb
("Lethal Dose 50 %") test is used to evaluate txécity of a substance
by determining the dose required to kill 50% of thest animal
population. This test was removed from OECD inteomal guidelines
in 2002, replaced by methods such as the fixed goseedure, which
use fewer animals and cause less sufferidgture writes that, as of
2005, "the LD50 acute toxicity test ... still acotsifor one-third of all
animal [toxicity] tests worldwide."

Irritancy can be measured using the Draize tesgravh test substance is
applied to an animal's eyes or skin, usually amalbabbit. For Draize
eye testing, the test involves observing the effedtthe substance at
intervals and grading any damage or irritation, the test should be
halted and the animal killed if it shows "contingiisigns of severe pain
or distress". The Humane Society of the United €Statrites that the
procedure can cause redness, ulceration, haemorghadpudiness, or
even blindness. This test has also been critidigescientists for being
cruel and inaccurate, subjective, over-sensitive] &iling to reflect
human exposures in the real world. Although no piEzkin vitro
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alternatives exist, a modified form of the Draizstt called thdow
volume eye teshay reduce suffering and provide more realistizltes
and this was adopted as the new standard in Septe2009. However,
the Draize test will still be used for substanckattare not severe
irritants.

The most stringent tests are reserved for drugdaouktuffs. For these,
a number of tests are performed, lasting less @ahaonth (acute), one to
three months (subchronic), and more than three msof@hronic) to test
general toxicity (damage to organs), eye and skintamcy,
mutagenicity, carcinogenicity, teratogenicity, andeproductive
problems. The cost of the full complement of tastseveral million
dollars per substance and it may take three oryfears to complete.

These toxicity tests provide, in the words of a @00nited States
National Academy of Sciences report, "critical mhation for assessing
hazard and risk potentiaNaturereported that most animal tests either
over- or underestimate risk, or do not reflect ¢dyi in humans
particularly well, with false positive results bgia particular problem.
This variability stems from using the effects ofjthidoses of chemicals
in small numbers of laboratory animals to try tegct the effects of
low doses in large numbers of humans. Althoughticelahips do exist,
opinion is divided on how to use data on one speig@redict the exact
level of risk in another.

Animal rights concerns over LDso

Animal-rights and animal-welfare groups, such asinfa Rights
International, have campaigned againstsd.Pesting on animals in
particular as, in the case of some substancesingatie animals to die
slow, painful deaths. Several countries, includihg UK, have taken
steps to ban the oral IsB) and the Organization for Economic Co-
operation and Development (OECD) abolished theiremqent for the
oral test in 2001 (see Test Guideline 40tends in Pharmacological
Scienced/ol 22, February 22, 2001).

3.4 Other Measures of toxicity

. IDLH

. Certain safety factor

. Therapeutic index

. Protective index

. Fixed Dose Procedure to estimate LD50

. Median toxic dose (TD50)

. Lowest published toxic concentration (TCLO)

. Lowest published lethal dose (LDLO)
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EGso (half maximal effective concentration)

ICso (half maximal inhibitory concentration)

Draize test

Indicative limit value

No Observable Adverse Effect Level (NOAEL)
Lowest Observable Adverse Effect Level (LOAEL)
. Up-and-down procedure

Related measures

. TCIDso Tissue Culture Infective Dosage
. EIDso Egg Infective Dosage

. ELDso Egg Lethal Dosage

. Plaque forming units (pfu)

4.0 CONCLUSION

This unit explained the concepts of lethal dosthaleconcentration,pso
and Lcso, toxicity testing. The results of these toxicityste require
appropriate interpretation for reasonable utilmatin safety assessment
and recommendation.

For this purpose, in the next unit, we will discudse statistical
regression analysis known as Probit analysis, wteald to convert the
non straight slope to straight line slope of dassponse relationship.

5.0 SUMMARY

Lethal dose is the dose (usually recorded as deskilpgram of subject
body weight) at which a givepercentageof subjects will die whereas
toxic dose is the amount of a substance that magxpected to produce
a toxic or harmful effect.

Lethal concentration is the concentration of a dbalmn air or water
which is expected to cause death in 50% of tesbhalsiliving in that air
or water

Animal testing, also known asanimal experimentation, animal
research andin vivo testing, is the use of non-human animals in
experiments. It is applied in toxicity testing.

6.0 TUTOR-MARKED ASSIGNMENT

What is lethal dose?

What is lethal concentration?

Explain how to determine lethal dose of a substance
List four other measures of toxicity and lethality.

PoONPE
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UNIT 3 PROBIT ANALYSES
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6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

In Unit 2, we discussed the dose-response reldtipngxpressed
graphically in a curve. Practically, it is not edsyextrapolate the effect
from the dose in such curves if a straight lingosls not established.

In this unit, we will discuss how to convert theude dose-response

curves obtained experimentally into a straight lshgpe for reasonable
extrapolations to be made.

2.0 OBJECTIVES
At the end of this unit, you should be able to:
. state the meaning of probit analysis

. explain the historical background of probit anadysi
. explain the principle of applications of probit §rss.

3.0 MAIN CONTENT

3.1 The Meaning of Probit Analysis

Probit analysis is a type of regression used tdyaadinomial response
variables. It transforms the sigmoid dose-respansee to a straight

line that can then be analysed by regression eitleugh least squares
or maximum likelihood.
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Probit analysis can be conducted by one of thidetques:

1. Using tables to estimate the probits and fitting riblationship by
eye

2. Hand calculating the probits, regression coeffigierand
confidence intervals,

3. Having a statistical package such as SPSS dddratbu.

3.2 Historical Background of Probit

The idea of probit analysis was originally publidhen Science by
Chester Ittner Bliss in 1934. He worked as an entogist for the
Connecticut Agricultural Experiment Station and wasimarily
concerned with finding an effective pesticide tarol insects that fed
on grape leaves (Greenberg, 1980). By plotting rdeponse of the
insects to various concentrations of pesticides;dud visually see that
each pesticide affected the insects at differemicentrations, i.e. one
was more effective than the other. However, he dat have a
statistically sound method to compare this diffeeenThe most logical
approach would be to fit a regression of the respowmersus the
concentration, or dose and compare between therelif pesticides.
Yet, the relationship of response to dose was dgnmnature and at
the time regression was only used on linear dateeréfore, Bliss
developed the idea of transforming the sigmoid desponse curve to a
straight line. In 1952, a professor of statistidgstlee University of
Edinburgh by the name of David Finney took Bliseadand wrote a
book called Probit Analysis (Finney, 1952). Todaypbit analysis is
still the preferred statistical method in underdiag dose-response
relationships.

3.3 The principle of Probit Analysis

Probit Analysis is a specialised regression moddimomial response
variables.

Remember that regression is a method of fittingha to your data to
compare the relationship of the response variabtkependent variable
(Y) to the independent variable (X).

Y=a+bX+e

Where

a = y-intercept

b = the slope of the line

e = error term
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Also remember that a binomial response variablersefo a response
variable with only two outcomes.

For example:
Flipping a coin: Heads or tails

Testing beauty products: Rash/no rash

The effectiveness or toxicity of pesticides: Deathdeath

3.4 Applications of Probit Analysis

Probit analysis is used to analyse many kinds dfedesponse or
binomial response experiments in a variety of 8el@robit Analysis is
commonly used in toxicology to determine the rekatitoxicity of
chemicals to living organisms. This is done byibesthe response of an
organism under various concentrations of each ef ¢hemicals in
guestion and then comparing the concentrationshathnone encounters
a response. As discussed above, the response agsabinomial (e.g.
death/no death) and the relationship between tsporese and the
various concentrations is always sigmoid. Probialgsis acts as a
transformation from sigmoid to linear and then ransegression on the
relationship.

Once a regression is run, the researcher can asautput of the probit
analysis to compare the amount of chemical requetteate the same
response in each of the various chemicals. Thexemany endpoints
used to compare the differing toxicities of cherscaut the LGo
(liquids) or LDso (solids) are the most widely used outcomes of the
modern dose-response experiments. ThesgLOso represent the
concentration (L&) or dose (LBo) at which 50% of the population
responds.

4.0 CONCLUSION

In this unit, you have learnt the concept and ppiecof Probit analysis.
This is statistical method of converting your sigdab dose-response
curve to a straight line curve that can be readgnaterpreted by you, a
researcher or toxicologist. The analysis is usefuletermining the L&
and LDsp and prediction of effects when doses are knowml ane
versa.
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5.0 SUMMARY

Probit analysis is a type of regression used téyaedinomial response
variables.

Probit analysis can be conducted by one of thi@etgues:

a. Using of tables to estimate the probits
b. Hand calculating the probits, or
C. Having a statistical package such as SPSS

Probit analysis is used to analyse many kinds afedesponse or
binomial response experiments in a variety of adfitoxicology

6.0 TUTOR-MARKED ASSIGNMENT

1. What is probit analysis?
2. Explain the principle of probit analysis
3. State two uses of probit analysis
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AND ENVIRONMENTAL HEALTH

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 General Applications of Toxicology
3.2 Examples on the Applications of Toxicology
3.3 Challenges on the Applications of Toxicology
3.4  Suggestions on Effective Applications of Toxicology

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

In Unit 3, we explained the concept of probit asaywwhich helps in the
interpretation of experimental or investigativeules

In this unit, you will learn how you can apply tkatire knowledge of
environmental toxicology to ensure chemical safietyenvironmental
health.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

enumerate the general applications of toxicology
give some examples on the applications of toxioplog

state some challenges on the applications of ttoggo
proffer suggestions for effective applicationsafitology.

3.0 MAIN CONTENT
3.1 General Applications of Environmental Toxicology

a. It provides a tool to assess chemical hazard in the
environment

A toxicity assessment is a tool to investigate thatential for a
substance to cause harm, to know how much harmuses and what
kind of harm. The term toxicity refers to the indwetr potential of a
substance to cause systemic damage to living ageni
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The term hazardous is very different. It refersthe potential of a
substance to (1) cause any of several kinds of h#rrough toxicity,
flammability, explosiveness, corrosiveness etcd &2) the ease with
which people can come in contact with it. Hazardisusot a synonym
for toxic.

To conduct these dose-response studies, scientists:

Administer different small doses of a substancsetweeral groups of test
animals every day over a lifetime.

Periodically examine and finally autopsy the ansrtal determine if any
effects have occurred. The effects may be:

. damage to an organ

. behavioural modifications

. change in the level of an essential body chemical

. determine the smallest dose at which an effectrsed¢be Lowest
Observable Effect Level (LOEL)

. LOEL is measured in milligrams (mg) of substance lpegram
(kg) of body weight, or in parts per million (ppmif substance in
food.

b. It recommends a margin of safety for a chemical inthe

environment

The Therapeutic Index (TI) is used to compare therapeutically

effective dose to the toxic dose. The Tl is a staiat of relative safety
of a drug. It is the ratio of the dose producingdity to the dose needed
to produce the desired therapeutic response. Thenom method used
to derive the Tl is to use the 50% dose-respongggd-or example, if

the LD50 is 200 and the ED50 is 20 mg, the Tl wdagdLO (200/20).

The use of theED50 and LD50 doses to derive th@l may be
misleading as to safety, depending on the slopth@fdose-response
curves for therapeutic and lethal effects. To oeere this deficiency,
toxicologists often use another term to denotestifety of a drug - the
Margin of Safety (MOS).

TheMOS is usually calculated as the ratio of the dose ithatst within
the lethal range (LR) to the dose that is 99% effective (&P The
MOS = LDo/EDgs. A substance with MOS less than 1 is more
hazardous than those above 1.

The NOEL (no observable effect level) is the highisse or exposure
level of a poison that produces no noticeable teXiect on animals. In
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toxicology, residue tolerance levels of poisong Hra permitted in food
or in drinking water, for instance, are usually fem 100 to 1,000
times less than the NOEL to provide a wide marginsafety for
humans.

Determining SafeLevels

When performing the experiments just describedergi@ts also
determine the highest dose at which no effectsre¢bhe No Observable
Effect Level (NOEL).

The NOEL is considered the "safe level" for thagmiical in the species
studied.

The NOEL is not necessarily the "safe level" fomauns, because:

. humans may be more/less sensitive to the substhacethe
animals studied
. humans have more genetic, health, age, and othmmbilgies,

which may affect individual human reactions.

To account for these differences, public healthicaffs divide the

NOEL by a safety factor, usually 100, to arriveaapresumed "safe
level" for humans. If the NOEL for a substance w&€® mg/kg, the
"safe level" for humans would be considered 1 mg/kg

This "safe level” is most likely lower than scietsi best estimate of the
NOEL in humans. However, it is the number risk nggra use to
establish regulations, such as the maximum amofinh @hemical
allowed in drinking water

C. To compare the toxicity of two substances

Knowledge of the slope is important in comparing ttoxicity of
various substances.
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Fig. 5.7: Graph to Compare the Toxicity of Two Subnces

For some toxicants a small increase in dose caadagye increase in
response (toxicant A, steep slope). For other &k a much larger
increase in dose is required to cause the sameaserin response
(toxicant B, shallow slope).

d. To conduct risk assessment of a substance

To protect the public, scientists also determireehighest dose at which
no effects occur.

The NOAEL, LOAEL, NOEL, and LOEL have great imparte in the
conduct of risk assessments. But the two terms @fteountered are No
Observed Adverse Effect Level (NOAEL) and Low Obser Adverse
Effect Level (LOAEL). They are the actual data geifirom human
clinical or experimental animal studies.

NOAEL | Highest data point at which there was not an
observed toxic or adverse effect

LOAEL | lowest data point at which there was an observed
toxic or adverse effect

100

[y
=

LOAEL

MOAEL

Fesponse (Fercent)

5 - 10 15 20 25 30 35
Dose (mg)
Fig. 5.8: Graph to conduct risk assessment of a sstance
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Sometimes the terms No Observed Effect Level (NO&hJ Lowest
Observed Effect Level (LOEL) may also be found e tliterature.
NOELs and LOELs do not necessarily imply toxic @rrhful effects
and may be used to describe beneficial effecthefmicals as well.

In addition to LOEL, the term LOAEL (Lowest Obsebla Adverse

Effect Level) is sometimes used. The term LOAEL hega judgement
that the effect is adverse. A LOEL refers to arfeafand may or may
not be judged to be adverse.

This dose may still be a high dose compared to renmental

exposures.

3.2 Examples on the Applications of Toxicology

Toxicity assessment

All quantitative toxicity assessments are basedtlan dose-response
concept: as you increase the dose (exposure)etipemse (toxicity) also
increases.

Toxicity assessment is quite complex, many faatars affect the results
of toxicity tests. Some of these factors includerialdes like
temperature, food, light, and stressful environmkenbnditions. Other
factors related to the animal itself include ag, $iealth, and hormonal
status.

Table 5.2: Measurements for Expressing Levels of @taminants in
Food and Water

Dose Abbrev.| Metric Abbrev. | Approx. amt. in
equivalent water

parts per ppmr milligrams  perf mg/ke |1 teaspoo pel

million kilogram 1,000 gallons

parts per ppk micrograms per ug/kc 1 teaspoo pel

billion kilogram 1,000,000 gallons

Table 5.3: Toxicity Rating Scale and Labeling Requements for

Pesticides

Category | Signal word | LD50  oral | LD50 dermal | Probable
required on | mg/kg(ppm) | mg/kg(ppm) | oral lethal
label dose

[ DANGER- | lessthar 5C les<thar20C | a few

highly POISON drops to a

toxic (skull  anc teaspoo
crossbone:
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Il WARNING | 51to50C 20Cto 2,00C | ovel 1
moderately teaspoon
toxic to 1 ounce
11 CAUTION ovel1 50C ovel2,00( ovel 1
slightly ounce
toxic

v none

practically | required

non-toxic

The TLV (threshold limit value) for a chemical iet airborne
concentration of the chemical (expressed in ppnat #roduces no
adverse effects in workers exposed for eight hparsday five days per
week. The TLV is usually set to prevent minor togftects like skin or
eye irritation.

The dose-response concept is the basis for altitpxassessments. It is
used differently to evaluate acute effects and mbreffects. LD50 is

stated in milligrams per kilogram (mg/kg): milligraof chemical per

kilogram of body weight. The lower the LD50-the lemthe lethal dose-
the more toxic the substance.

The term LC50-Lethal Concentration-is used to mesasue toxicity of
gases. The LC50 is stated in milligram of chemjwad liter (or cubic
meter) of air.

Acute toxicity is assessed using observations dfidaatal human
exposures or by conducting LD50 tests on experiata@mimals, usually
rodents.Example: A reported "rat oral LD50 of 50 mg/kg" means that
half of the rats that ingested a dose of 50 maiigs of the substance per
kilogram of body weight died within 14 days.

Chronic toxic effects are estimated by dose-respghsdies on animals.
Chronic toxicity is measured in two ways--dependorg whether the
concern is cancer or other chronic effects.

Non-carcinogenic chronic toxicity is assessed ldists to determine
the smallest dose that causes any detectable.effect

Carcinogenic effects are estimated by a type of-desponse study
called a carcinogenesis bioassaghronic toxicitycan be divided into
two categories:

. cancer (carcinogenic toxicity).
. all other effects (non-carcinogenic toxicity).
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The carcinogenesis bioassay is a method of testirgstances for
carcinogenic effects that utilises high-dose stwidie laboratory animals
to look for even the rare case of cancer. It is metessarily the best
scientific approach to assess the carcinogenicctsffef chemicals.

Instead it is a way to respond to public concernys generating

carcinogenic risk values with large margins of safe

The "safe level" calculation for humans assumes hbhaans are more
sensitive than animals, but humans are not mor&tsenin all cases.

Examples of human sensitivity:

a. More sensitivity: The drug Thalidomide caused novesse
effects in the animals studied, but caused seviette defects in
humans.

b. Less sensitivity: Insecticides are often develojeelle more toxic

to insects than to humans. Since people are |es#ise to these
chemicals, they can use them without injuring thelmes.

C. Genetic variability: People vary widely in theiraaions to bee
venom. Some show almost no reaction to a bee siihgys may
die without immediate medical treatment.

Example of a carcinogenesis bioassay:

A carcinogenesis bioassay was performed for benaangoth rats and
mice. Both sexes of each species got leukaemigheathigh doses
administered. Extrapolating the cancer incidencéigh dose to low
dose and from rodents to humans resulted in the astimate that a
benzene dose of 1 mg/kg/day will result in 3 casqeer 100 people
exposed daily for a lifetime to that dose. Thised@smuch higher than
anyone would be exposed to in the environment undemal
conditions.

Table 5.4: Example of a Carcinogenesis Bioassay

Substance Animal, LDso LDso: g/kg

Route {LC 50} {LCso0: glL}
standardized

Watel rat, oral 90,00(mg/kc 9C

Sucros (tablesugar | rat,oral 29,70(mg/kc 29.7

Monosodium rat, oral 16,60(mg/kc 16.€

glutamate (MSG)

Vitamin C (ascorbic| rat, oral 11,900 mg/kg 11.9

acid)

Cyanuricacic rat, oral 7,70Cmg/ke 7.7

cadmiun sulfide rat, oral 7,08(mg/ke 7.0¢
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Grain alcohol| rat, oral 7,060 mg/kc 7.0¢€
(ethanol)
Melamine rat, oral 6,000 mg/kc 6
Melamine cyanurat | rat, oral 4,10C mg/kc 4.1
Sodiun molybdatt rat, oral 4,000 mg/ke 4
Table Sall rat, oral 3,00C mg/ke 3
Paracetamol rat, oral 1,944 mg/kc 1.94¢
(acetaminophen)
Delta-9- rat, oral 1,27Cmg/kc 1.27(
tetrahydrocannabino
(THC)
Metallic Arsenic rat, oral 762 mg/kc 0.76:
Alkyl dimethyl | rat, oral | 304.t mg/kc | 0.304¢
benzalkonium fish, {0.28 mg/L} | {0.00028}
chloride (ADBAC) | immersion {0.059 mg/L} {0.000059}
ag.
invertebrates,
imm.
Coumarin rat, oral 292 mg/kc 0.29:
(benzopyrone, fron
Cinnamomum
aromaticum ang
other plants)
Aspirin rat, oral 20C mg/kc 0.z
(acetylsalicylic acid)
Caffeine rat, oral 192 mg/kc 0.192
Arsenic trisulfide rat, oral 185-6,40(mg/kc | 0.18¢
Sodiun nitrite rat, oral 18C mg/kc 0.1¢
Bisoprolo mouse oral 10C mg/kc 0.1
Cobalt(Il) chloride rat, oral 80 mg/kc 0.0¢
Cadmiun oxide rat, oral 72 mg/kc 0.072
Sodiun fluoride rat, oral 52 mg/kc 0.052
Nicotine rat, oral 5C mg/ke 0.0t
Pentaborar human oral <5C mg/kc <0.0t
Capsaicil mouse oral 47.2mglke 0.047:
Mercury(ll) chloride | rat,derma 41 mg/kc 0.041
Lysergic acid| rat, 16.5 mg/kc 0.016¢
diethylamide (LSD) | intravenous
Arsenictrioxide rat, oral 14 mg/kc 0.01¢
Metallic Arsenic rat, 13 mg/kc 0.01:
intraperitoneal
Sodiun cyanide rat, oral 6.4mg/kc 0.006¢
White phosphoru rat, oral 3.02mg/kc 0.0030¢
Strychnine human, oral | 1- 0.001

2 mg/kg(estimated
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Beryllium oxide rat, oral 0.Emg/kc 0.000¢
Cantharidii human oral 0.E mg/ke 0.000¢
Aflatoxin B1 (from | rat, oral 0.48 mg/kg 0.00048
Aspergillus flavus
Venorr of the Inlanc | rat, 25 ug/ke 0.00002!
Taipan (Australian subcutaneous
snake)
Ricin rat, 22 ug/kg | 0.00002.
intraperitoneal| 20-30 mg/kg 0.02
rat, oral
Dioxin (TCDD) rat, oral 20 png/ke 0.0000:
Sarir mouse, 17.23 pg/kg 0.000017
subcutaneous| (estimated)
injection
VX (nerveagent human, oral,| 2.3 png/ke | 0.000002
inhalation, (estimated)
absorption
through
skin/eyes
Batrachotoxin (from| human, sub; 2-7 pg/ke | 0.00000:
poison dart frog) cutaneous (estimated)
injection
Venom of Hydrophig mouse, 0.25 pg/kg 0.00000025
belcheri  (Belcher's intraperitoneal
Sea Snake)
Maitotoxin mouse, 0.13 ng/kg 0.00000013
intraperitoneal
Poloniun-21C human, 1C ng/kc | 0.0000000
inhalation (estimated)
Botulinum toxin| human, oral] 1 ng/kc (estimatec | 0.00000000
(Botox) injection,
inhalation
lonizing radiation human, 3-6 Gy
irradiation

Example

Consider comparing the toxicity of two differentsgieides to aphids,
pesticide A and pesticide B. If the kdDf pesticide A is 50ug/L and the
LCso of pesticide B is 10ug/L, pesticide B is more tothan A because
it only takes 10ug/L to kill 50% of the aphids, ses 50ug/L of

pesticide B.

Probit Analysis is a type of regression used withoial response
variables. It is very similar to logit, but is peefed when data are

normally distributed.
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Most common outcome of a dose-response experimewhich probit
analysis is used is the LC50/LD50.

Probit analysis can be done by eye, through hatdilesions, or by
using a statistical program.

Applications of LDso

. NOTE: Comparing substances (especially drugs) ¢b ether by
LDso can be misleading in many cases due (in partjffierences
in effective dose (EE). Therefore, it is more useful to compare
such substances by therapeutic index, which islgithp ratio of
LDso to EDso.

. The following examples are listed in reference dvalues, in
descending order, and accompanied byolM@lues, {bracketed},
when appropriate.

3.3 Challenges on the Applications of Toxicology

From the work of Pescét al. (2004), modern toxicology investigates a
wide array of both old and new health hazards.ri®yisetting is needed
to select agents for research from the plethora esposure
circumstances.

The changing societies and a growing fraction ef éiged have to be
taken into consideration. A precise exposure assEHs is of
importance for risk estimation and regulation.

Toxicology contributes to the exploration of patrehanisms to
specify the exposure metrics for risk estimation.

Combined effects of co-existing agents are not gafficiently
understood.

Animal experiments allow a separate administratbragents which
cannot be disentangled by epidemiological means,their value is
limited for low exposure levels in many of todag&ttings.

As an experimental science, toxicology has to kesge with the rapidly
growing knowledge about the language of the genanatkthe changing
paradigms in cancer development.

During the pioneer era of assembling a working tdcdf the human
genome, toxicogenomics has been developed. Gene patiuvay
complexity have to be considered when investigagjege—environment
interactions. For a best conduct of studies, modexitology needs a
close liaison with many other disciplines like egudology and
bioinformatics.
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In the developing countries like Nigeria, dearthtrained toxicologists
due to inadequate and ill equipped institutions fiois purpose is
paramount.

3.4 Suggestions on Effective Applications of Toxicology
Considering the challenges above, some useful stiggs include:

I. Appropriate priorities should be set for toxicologjistudies.

. Toxicological studies should be designed to réftee societal
environmental demand.

iii. Modern toxicology should be very close to variodgsancements
in other science and technology.

V. Developing countries are required to establish aqdip more
training institutions for toxicologists and alligmlofessionals e.g.
environmental health officers.

4.0 CONCLUSION
The applications of toxicology to ensure environtaérhealth and
safety were extensively discussed. The unit alseeiled some of the

challenges you will face in the course of applyiogicology with useful
suggestions proffered.

5.0 SUMMARY

Environmental toxicology:

I. Provides a tool to assess chemical hazard in tieoement.

. Recommends a margin of safety for a chemical in the
environment.

iii. Compare the toxicity of two substances

Challenges of toxicology include:

I. The disparity between toxicological studies andlepiiological
situations

. Lack of training institutions and manpower

Suggestions include:

I. Considering the epidemiology of the society whesacblogical

studies are based.
. The establishment of more training institutions.
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ii. Employment of trained toxicologists in environménta
assessments

6.0 TUTOR-MARKED ASSIGNMENT

1. Who can apply environmental toxicology?
2. Identify two applications of toxicology for envirorent health.
3. Outline four challenges facing environmental tology in

Nigeria.
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