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Introduction

This course guide tells you briefly about the ceutbe course materials
available, how to work with them and maximise ytearning through
effective time management. Environmental Chemistrg first semester
two-unit degree course for aitudents offering Bachelor of Science
(B.Sc.) Chemistry.

Without a clear scientific understanding and arueate interpretation of
the interactions going on among the chemical species in our
environment (in relationship to plants, animals &wdnans) chemistry,
more or less, becomes irrelevant both to the apstienvironmental
engineer, health workers, decision makers andgdmeral populace.
The price to pay for such ignorance is huge in seahenvironmental
degradation and the attendant health problems, mhwhich are often
catastrophic and irreversible. It is thus impaottenapproach the study
with a mind-set not only of a willing student bus@ of a determined
learner who will obtain high scores and apply thewledge to solving
environmental problems in real life situations, weeer the need arises.

What You Will Learn in this Course

In this course, you will learn about important cheah phenomena in
the three environmental compartments: air, watersoil. You will be
familiar especially with how such chemical phenomeme relevant to
the study and monitoring of environmental lygodn, and possible
means of averting associated hazards. Certaimdyjriterconnection of
chemistry with such fields as engineering, agrioelf geography, and
so on will be better appreciated in the process of going through this
course.

The Course Aims

Broadly, the course is aimed at helping evetydent to have an
introductory, and indepth knowledge of importanéwical interactions
going on in the environment. It is also aimed e#paring students to
proffer solutions to issues anvironmenth problems arising from
natural and anthropogenic sources.

The Course Objectives

To achieve the aims set out you should be able to:

explain vividly the central concepts involvedeach unit of study
use chemical equations, where necessaryexfain changes
going on in a given environmental compartment and

apply the knowledge gained to practically tackievironmental
and/or healtlelatedissues.
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Working through this Course

Each unit has specific learning objectives at tegiiming. Endeavour to
readtheseobjectivesbefore you study the unit. Again, go through the
objectives after completing the unit to see whetloer have internalised
the concepts treated in the unit.

Read the textbooks and other materials which maprbeided by the
National Open University of Nigeria. Go througtetkelf assessment
exercises and ensure that you answer the questidinsertain points in
this course, you would be asked to submit assigisnkm assessment
purposes.

The course should take you about 15 weeks to cdenpleRead each
unit with full concentration. You must attend the tudabsessions so that
you canavail yourselfthe opportunity of comparing notes and ideas. At
the end of this course, thewgll be a final examination based on what
you have learnt; every unit is important, please.

The Course Materials
The main components of the course are:

The Course Guide

Study Units

Self Assessment Exercises
Tutor-Marked Assignments
Presentation Schedule
References/Further Reading

oOghwWNE

Study Units

Module 1  Natural Cycles and Atmospheric Chemistry

Unit1 Concepts of Elementary Cycles
Unit 2 Characteristics of the Atmosphere

Module 2  Sources, Types and Effects of Environmenita

Pollution
Unit 1 Water Pollution
Unit 2 Air Pollution

Unit 3 Soil Pollution
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Module 3 Waste Management

Unitl Waste water Treatment
Unit 2 Composition of Solid Wastes

Module 4  Water Chemistry and Analysis

Unit1 Physical Parameters Relevant to Water Ansilys

Unit 2 Important Chemical Parameters in Water Clsamiand
Analysis

Unit 3 Biochemical Parameters in Water Chemistny Analysis

Unit4 Anions and Other Constituents of Concén Water

Chemistry and Analysis

Module 5 Chemical and Physical Instrumentation in
Environmental Sciences

Unit 1 Chemical Instrumentation in Environmentale®ces
Unit 2 Physical Instrumentation in Environmentaiebces

There ardive modulescomprising 2, 3,2,4 and 2 units for modules 1,2,
3, 4 and 5 respectively. Thus, this course is nugdef 13 units.

In Unit 1 of Module 1, we treat elementary (biogeemical) cycles:
carbon, nitrogen, sulfur and water cycles whileJinit 2 we deal with
the characteristics of the atmosphere with emph@sisnvironmentally
relevant chemical reactions taking place in thedsphere, stratosphere,
mesosphere, thermosphere and exosphere. In & uhits of Module
2, we examine the sources, types and effects af@maental pollution
in the air, water and soil compartments. In Mod®jléJnit 1 deals with
wastewater treatment while Unit 2 deals with thenposition of solid
(municipal, industrial and hazardous) wastes. Zhanits of module
four focus on water chemistry and analysis with leagis on physical,
chemical and biochemical parameters, and aniono#rat constituents
of concern relevant to water chemistry. In modrlee are concerned
with chemical and physical instrumentation in eammental sciences
treated in the unit.

Each unit is designed for a duration of one weekah effective study.
That is, covering the entire course should lasualdi3 weeks. It is
expected that two extra weekgould be used for intensive personal
revision of the whole course units before the examtnon commences.
Each unit consists of introduction, objeesiy reading materials,
exercises, conclusion, summary, tutor-marked asségn (TMA),
further reading and references.
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The exercises with TMAs help you to achieve théestabjectives and
to evaluate your progress in the process of mastehie concepts in the
material.

Presentation Schedule

Your course materials have important dates for éady and timely
completion and submission of your TMAs and atteweaof tutorials.

You are required, as a matter of compulsitm submit all your
assignments by the stipulated time alade. It is suggestedhat you

have a personal study time-table to ensure thdt eait is completed on
schedule. Having accumulated study schedule orlvet@xercises is
unhealthyandcapableof truncating your success. Avoid it.

Assessment

There are three aspects to the assessmernihiofcourse: Self
Assessment Exercises (SAEs), Tutor-Marked Assigmsn@iMAs) and
End of Course Examination (ECE) and subseggeading by the
facilitator. Each SAE igdesignedto help you assess your personal
understanding of a particular unit. The TMA foumit must be written
for assessment by the course facilitator. The BCHEhe end of the
course is meant to last between two and three hours

Tutor-Marked Assignment (TMA)

The TMA is a continuous assessment component oftthese. It
accounts for 30percent of the total score. Youexygected to answer at
least four (at most six) of all the TMAs as coratit for the end of
course examination.

Return a completed TMA schedule to your facilitatoreach TMA is
contained in the assignment file. You will certgibe able to complete
your assignmet from the information and material contained in your
reading and references especially as youarelsemore into your
references to acquire a wider view point and deapderstanding of the
subject matter. Your TMA will be graded by the faator and returned
to you as soon as possible.

If for any reason you cannot complete and submilr yassignment on
schedule, contact your facilitator beforehand srdss the possibility of
an extension. This is not automatic, however.
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Final Examination and Grading

The end of course examination will have two sestiofection A and
Section B. Section A consists of short-structugedstions counting for
25per cent of the total marks and lasting one hetile Section B will
be made up of four essay questions of 15 marks keating one and
half hours. A candidate will be required to answaly three of those
guestions in Section B counting for a maximum gbelscent. Thus, the
end of course examination counts for 70percenheftbtal assessment.
The breakdown of the assessment is given below:

TMAs equal 30per cent

End of course Examination (ECE)
Section A =25%

SectionB  =45%

Total =70%

Overall Total = TMA + ECE =30 + 70 =100%

Facilitators/ Tutors and Tutorials

There are five contact periods of tutorial s&s in support of this
course. Each contact period is made up of twoshotach period is a
time of face-face interaction between the faciitaind the students on
one hand, and among all the participants on therdtand. It is a time
to discuss individual problems encountered ie tourse of his/her
study.

You will be notified of the dates, times and looatiof these tutorials as
well as the name, phone number and e-mail addfegsuo facilitator as
soon as you are allocated a tutorial group. Dohssitate to contact
your facilitator by telephone or e-mail you need anacademic
assistance.

Endeavour to attend the tutorials; it is the onharmce you have for
effective interaction that enhances effective lemynVarious challenges
you will encounter as you study Environmental Chstrgias a course
will be passionately reviewed durintipese sessions. Prepare your
guestions and bring them for cladiscussion. Even when you think
you have known everything, come and listen to tteblems of others;
you will certainly benefit from them.

Summary

Environmental Chemistry as a course, deals withmite interactions
that have serious impacts on the air, water ancceapartments of the

\Y
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environment. It helps a candidate to appreciageféict that when we
talk about environmental contamination or lyggadn, the species
involved know no boundary. It also brings into hBocus the possible
roles of a chemist, in conjunction witlother stakeholders in

environmental sciences and engineering generallgolving pollution

problems that may appear intractable ordinarily.

By and large, environmental chemistry study helpsralividual to be
conscious of the need to preserve the environmegqidicious use and
disposal of resources availableu®so as not to embark on a journey of
self-elimination or extermination.

While | wish you a resounding success in this a@urssincerely wish

that yourtargetsbe two-fold: passing your examination well and also
applying your knowledge to cause a positive changeir environment.

Vi
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MODULE 1 NATURAL CYCLES AND
ATMOSPHERIC CHEMISTRY

Unit 1 Concepts of Elementary Cycles
Unit 2 Characteristics of the Atmosphere

UNIT 1 CONCEPTS OF ELEMENTARY CYCLES
CONTENTS

1.0 Introduction
2.0 Objective:
3.0 MainConten
3.1 Some Biogeochemical Cycle:
3.1.1 The Carbor Cycle
3.1.2 Ways by which CQC, is release inta the
Atmosphere
3.1.3 Ways by which COis removed from the
Atmosphere
3.2  The Nitroger Cycle
3.2.1 Basic Processe of the Nitrcger Cycle
3.3  The Sulphui Cycle
3.4 TheWateiCycle
4.0 Conclusiol
5.0 Summary
6.0 Tutor-Markec Assignmeni
7.0 References/Furth Readng

1.0 INTRODUCTION

Environmental Chemistry is the study of chemicalgeisses occurring
in the environment which are impacted by humanlgrattivities. These
impacts may be felt on a local scale, through ttesgnce of urban air
pollutants or toxic substances arising from a cleainwvaste site, or on a
global scale, through depletion of strat@smh ozone or global
warming. The focus in our courses and re&beactivities is upon
developing a fundamental understanding of the ratfithese chemical
processes, so that humankind's activities can t@rately evaluated.

The field of environmental chemistry is both veryodd and highly
interdisciplinary. Within the Department of Chetnjswe have a core
group of faculty whoseesearchnterestsare in atmospheric and aquatic
chemistry, photochemistry, and the chemistry drahsport of long-
lived pollutants. We interact with other chemisighe department, with
numerous other researchers at the university whie helated interests,

1
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and with nearby government agencies. Indeed, ttiegdor the study
of environmental chemistry is ideal.

Our graduate programme consists of graduate cowliEh stress the
fundamental photochemical, kinetic, analytical arahsport aspects of
environmental phenomena, regular seminars, @age interactions
between the different research groups. We hasipe the need for
students to be able to put their own researchamgimbal context.
Environmental Chemistry is rapidly expanding, andcedlent
employment opportunities exist in the academic,egoment, industrial
and public policy sectors.

Cycles are sequences of events that repeat thessselva particular
pattern. In environmental chemistry, our concés basically with
biogeochemical cycles Precisely, biogeochemical cycles are
interconnected complex processes by which emait elements that
make up the biotic and abiotic systems are usenl aid over again
between the living and non-living things. Sometloé very important
natural biogeochemical cycles includgarbon Cycle, Nitrogen Cycle
Sulphure Cycle,andHydrological (Water) Cycle.

2.0 OBJECTIVES

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

define biogeochemical cycles

name specific examples of biogeochemical cycles

explain the basic transformations that go io a named
biogeochemical cycle.

3.0 MAIN CONTENT
3.1 Some Biogeochemical Cycles

3.1.1 The Carbon Cycle

The carbon cycle is the series of intercotetechanges by which
carbon is being continuously circulated among thieiral compartments
of atmosphere, biosphere, hydrosphere, geosphed pedosphere.
There are four major reservoirs involved in theboarcycle. These are
the plants, the terrestrial biosphere (fresh waystems and non-living
organic material), the oceans (where we have disdahorganic carbon
and living and non-living marine biota), and thredisnents (including

fossil fuels).
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Living organisms are mainly composed of water amadious carbon
compoundshencethe cycling of carbon is of prime importance to the
support of life. The concentration of carbon indiy matter (18per cent)
Is about 100 times greater than its concentratiothe earth (0.19per
cent). Carbon exists as carbon dioxide AfC@ the atmosphere,
bicarbonate ion KICO,) in water and calcium carbonate (Caf®

carbonate rocks (limestone, chalk, coral).idt the major part of
hydrocarbon molecules in petroleum and natgas; and the main
constituent of coal andeadorganicmatters.

In the Earth’s atmosphere, carbon exists as cadaxide in 0.03per
cent levelby volume. This level is currently being shifted towards
excess due to imbalance of anthropogenic acsviffeiman-induced)
such as excessive combustion of fossil fuels aridrelgtation. In 1850,
atmospheric C®was about 280 ppm and by 2007, it hadreasedo
about 383 ppm.

3.1.1 Ways by which CQis released into the Atmosphere

Some of the ways by which G@ released into the atmosphere are:
Respiration of plants and animals:This is an exothermic reaction
involving the breaking down of organic moleculesy. glucose, into
carbon dioxide and water

C,H,,0, + 60— 6CQO, + 6H,0O + energy.

Decay of plants and animalsFungi and bacteria breakdown the carbon
compounds i.e. carbohydrates, proteins and lipiddead plants and
animals, and convert the carbon to carbon dioxidée presence of
oxygen or carbon dioxide and methane {id the absence of oxygen

e.g.

Methanogens

CeH1.0g — 3CO2(9) +3CH4(9)

Fermentation of carbohydrates: The enzymatic decomposition of
carbohydrates produces €8s a by-product
C6H1206(aq) Zym&» 202H5OH(aq)+ ZCQ(Q)

Burning of fossil and agro fuels:Combustion of fossil fuels like
petroleum products, coal, natural gas and agres fredeases CO(and
water vapour) into the atmosphere.

CsHy, + 80,— 6H,0 + 5CQ
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Thermal decomposition of carbonate rocks orimnestone: When
limestone soils are heated up or during the prodicif cement, CQis
released into the atmosphere.

CaClyy — %, CaC+ COyy

Warming of surface waters: This leads to the releasing of dissolved
CO, backinto the atmosphere.

Volcanic eruptions: During volcanic eruptions, the volcanic gases
released into the atmosphere include water va2y,andSO..

3.1.2 Ways by which CQis removed from the Atmosphere

Photosynthesis:Primarily, photoautotrophs (plants and algae) urget |
energy to convert CQand water to organic molecules like glucose and
other carbohydrates. To a less extent, chemoaptwdr (bacteria and
archaea) convert GCand water to organic matter using energy derived
from the oxidation of molecules of their substrates

6COZ + 6H20 e C:GH]_zOG + 602

Formation of carbonic acid: Carbon dioxide dissolves in rain water
and droplets pass through the atmosphere. Alstheasurface of the

oceans towards the poles where sea wateonisr cooler, carbon
dioxide dissolves in water to from carbonic acicriidnic acid reacts

with weathered silicate rocks to produce bicarbenans which are

used to make marine carbonates.

Conversion of carbon to tissues and shell®©rganisms in upper ocean
areas of high biological productivity convert reddccarbon to tissues
or shells.

In the oceans, the major carbon reservoir is the iorganic carbon:
When CO, dissolves in water, a hydrated €Qnolecule is produced
which then forms an equilibrium mixture caining bicarbonate

(HCO, ) and carbonatéCO? ) ions. At pH lower than those found in

sea water, carbonic acid {EI0s) will also be present. This can be
summarized as:

COyg = COy(aq)

HZO (5) + Coz(aQ) = |‘£C03(aq)
HaCOsaq) =  H(ag + HCOyy
HCO, = H  +COZ

3(aq) (aq) 3 (aq)
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However, due to the reactions

HCO,,y =CO,q +OH,, and CO%,, +H,0(r)= HCO; . + OH 4

ag) — (aq)

Most ocean waters have a pH in the range 8 to 8tBey contain more
OH ions than H ions.

The overall reaction that takes place when, @@3solves in sea water
can be summarised as:

COz(aq)"'HzO( ) + Cog(:aq) - 2HC03 .

The carbon cycle shown in Fig 1 summarises allpifeeesses so far
itemised.

Feeding

Plants /’/’—\‘ Animals

Photosynthesis

Respiation

Atmospheric CQ

H,CO;

Fossil Fuels Limestone

Decomposition/
Deposition

Reaction with soil . .
Dissolution

[ ]
materials /
@ Shells

MgHCO;,
CaHCQ
v

ne n v Absorption

Sea water

Fig. 1: The Carbon Cycle
Source: 0O.Y. Ababio, 2002 (modified).
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SELF ASSESSMENT EXERCISE 1

1. State the form(s) in which carbon exists intfe) atmosphere, (b)
water, and (c) rocks.

2. List two processes in each case that lead tdahaddition and
(b) removal of C@to and from the atmospherespectively.

3. Is the atmospheric level of GONn a decreasing or an increasing
trend currently? Explain.

4. Most ocean waters have a pH in the range 8.30 Briefly

explain this observation using appropriate chenecalations.
3.2 The Nitrogen Cycle

The nitrogen cycle is the biogeochemical cydat describes the
gradual transformation of nitrogen and nitrogentaonng compounds
in nature. It is the means by which the supply itfogen is distributed
in nature.

The Earth’'s atmospheregcontaining about 79percent nitrogen,
constitutes the largest pool of nitrogen. Nitrogencrucial to all life
processes on earth. It is present in all aminosag@dbteins and nucleic
acids (RNA and DNA). Although nitrogen is abundant in the
atmosphere and the majority of the air we breaths nitrogen (oxygen
constitutes only 21percent of tler we breathe in), nitrogen is not
readily available for cellular utilisation. This because the strong triple
covalent bonds between the N atoms inmblecules make itelatively
inert. By implication, biochemically available nitrogesin short supply
in natural ecosystemsHence, plant growth and biomass accumulation
are limited.

In order for plants and animals to use nirogor their metabolic
processes, Ngas must be converted to a chemically availablenfsuch
as ammonium (M 7), nitrate(N O;) or organic nitrogen such as urea,

(NH,)CO. The nitrogen cycle shown in Figure d2scribes the
movement of nitrogen among the atmosphere, biosphed geosphere
in different forms.

3.2.1 Basic Processes of the Nitrogen Cycle

(@) Nitrogen Fixation: This is the process by which the atmospheric
nitrogen is converted into a form that is readigitable to plants
and subsequently to animals and humans. Thereoaremays of
converting atmospheric nitrogen ANinto more biochemically
available forms.
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0] Biological Fixation: Symbiotic bacteria, e.g.Rhizobium
associated with the root nodules of leguminoustpland some
free-living bacteria, e.gAzotobacterare able to covert (fix) free
nitrogen to organic nitrogen.

(i)  Industrial Fixation: In the industrial Haber-Bosch process,
atmospherimitrogenand hydrogen (obtained from natural gas
or petroleum) are combined to form ammomN&i;

Nogt3Hygy —b» 2NHs g

The ammonia produced can be used to make ferslened explosives.

2NH3(9) + HZSO4(aq) L{gg_g%ta(l; Al (N H4)2 SO, (5)
200atm

(i)  Combustion of fossil fuels: The exhaust fumes from internal
combustionengnes are made up of volatile matters including
oxides of nitrogen.

(iv)  Electrical storms (lightning) and photolysis: During electrical
storms, nitrogen is oxidised to NO, which is oxatidoy ozone in
the atmosphere to form NONO, in turn is reduced back to NO
by photolysis. These reactions are important aspects of
atmospheric chemistry, but they are inadequatéddn terrestrial
and aquatic nitrogen turnover.

(@  Assimilation: Plants can absorid O, or NH;ions from the soll

(Nitrogen uptake) through their roots. Absorbedaté is first
reduced to nitrite ions and then ammonium ionssigssequent
incorporation into amino acids, nucleic acids ahtbphyll. In

leguminous plants with root nodules, nitrogentire form of

ammonium ions can readily be assimilated. Animald human
beings are incapable of utilising nitrogen from #imosphere or
inorganic compounds hence, they depend omtgplar other
animals (except ruminants) that feed on plantstHeir protein.

(b)  Ammonification: At death, the proteins stored in the body of
plants and animals become waste materials. Uaméams the
nitrogen resulting from the metabolic breakdownpobteins in
form of urea, (NH),CO. Urea is rapidly hydrolysed by the
enzyme to ammonium carbonate, (N Os.

\NHZ
/C =0+ 2"&0 ﬂ; (NH4)2CO3
NH»
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()

(d)

Nitrification: The excess ammonia released by bacterial action
on urea and proteins that are not used by plardsidised by the
autotrophic nitrifying bacteria-Nitrosomonas and itrbbacter.
Under aerobic conditions, Nitrosomonas conwemmonia to
nitrite while nitrite is further oxidised to nit@by Nitrobacter.

2NH; +30, Niobacter 5N, + 2H" + 2H,0
ZNOZ* + Oz Nltrosomonai 2NO

3

The bacteria derive energy from the oxidation psses. Some of
the nitrate formed is used by plants while theesscis carried
away in water percolating through the soil becabhgesoil does
not have the ability to hold nitrate for long. $timportant for the
nitrite ions to be converted to nitrate ions beeaascumlulated
nitrites are toxic to plant life.

Denitrification: Nitrate and nitrite are reduced under anaerobic
conditions by pseudomonas and clostridium bact@fitate is
reduced to nitrite while nitrite is reduced to aoma. Most of
the nitrate is later reduced to nitrogen stheompleting the
nitrogen cycle. This constitutes a serious lostediflizing matter

in soil when anaerobic conditions develop. Also, some
denitrifying bacteria produce M from nitrate reduction. The N
produced enters the atmosphere and is reduceougtn
photolysis to producé&l, and an excited state of oxygen, which
oxidises NO to NO.

NO, — N, +N,O
NO,— NO,— , NO— NO» N;

SELF ASSESSMENT EXERCISE 2

1(a) What are the basic processes of nitrogen 2ycle

(b)
2.

3.

Discuss fully anyone of the processes namddahabove.

List and discuss the four ways by which atmosph@trogen can
be converted into more biochemically available ferm

In not more than two sentences, discies reason(s) why
atmospheric nitrogen is not readily availalite plants and
animals metabolism despite its large atmospheseruir.

Ground waters in most of the agricultural saile noted for very
high nitratecontent. Briefly explain this observation.
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Fig.2: The Nitrogen Cycle
Source: C.N. Sawyeet al., 2006
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3.3 The Sulphur Cycle

On the earth surface sulphur exists as el&hesulphur, sulphur
dioxide, sulphuric acid, salts of sulphate, hy@mgulphide, sulphur
trioxide, organic sulphur compounds (such asethyisulphide) and
amino acids (cysteineand methionine). The biogeochemical
transformations of these sulphur species amadhg atmosphere,
biosphere, hydrosphere and geosphere is calleslutpbur cycle. Most
on the sulphur earth is tied up in rocks and saitburied deep in the
ocean in oceanic sediments. Sulphur entees atimosphere through
sources that are both natural (e.g. volcanic esaptibacterial processes,
evaporation from water or decaying organisms) amchdn (e.g. wide-
scale industrial emission of $@ndH,S).

The major reservoir for sulphur is the crust, watemall, but potentially
damaging proportion in the atmosphere. In the air, sulphur is usually
oxidised from organic sulphur or elemental sulptmrSQ and SQ
ending up as sulphate ($Q in sulphatesalts or sulphuric acid. The
sulphate compounds dissolve in rain water gatlprecipitated (as
rainfall) either as salts or acid yain. In the gépiwere, the oxidation of
reduced forms of sulphur byoxyéen occurswithout biological control;

but can also occur through the actions of microoigas in the soill,
sediment and water column.

HS — & (S9——» SQ@ —» SO, —» SO~

Microorganisms in the soil or water act upon the®Sid the presence of
carbohydrates to finally liberat#,S

SOZ +H" + 2CHO—>HS + 2H,0 + 2CQ—HS +H" —> H,S

The formation of HS is a characteristics feature of anaerobic marine
sediments. In the oceanic surface waters, dimettlidhide is formed
much more commonly tham,S because of the presence of the

compound dimethylsulphonopropionate produtsdsome species of
phytoplankton.

2_organic rganic

SO, H,S + organic sulphides + [Sjorpoom H2S + (CHy), S.

When organic sulphur compounds are decompdisedbacteria, the
initial sulphur product is usually 4S.

R- SH bacteria HZS + RH

10
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The hydrogen sulphide produced may be releaseda gas to the
atmosphere, where it is oxidised, or it may reaith \wetal ions in the
sediments or water columns to form insoluble sulpki

HS+[S]—» Fé— 4,  FeS+FeS
or 2Fe(OH) + 3H,S— 2FeS + S 6H,0

Fe
FeS+ S——m—» FeS

Many marine phytoplankton produce compounds theakdown to
produce dimethylsulphide, (GHS, a compound thought to be the major
biogenically produced sulphur compound releasedmfroceans.
Dimethyl sulphide is rapidly oxidised to form $@ndultimately,SQ" .
Some microorganisms in muds can generate elamsaoiphur from
sulphur compounds.

The black colour of many sediments is partially doghe presence of

iron sulphides as well as organic matter. Oxidatad the sulphides

when exposed to the surface leads to the formaftisnlphuric acid:
2FeS +2H,0 + 7 ———» 2FeSQ +2H,SO,.

This redox reaction occurs rapidly in the preseasiceater and dioxygen
particularly when microorganisms are involved.

11
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Fig. 3: The Sulphur Cycle

Source: C.N. Sawyer, P.L. McCarty and G.F. Parkin2006

3.4 The Water Cycle

Movement of water in its physical states througt around our planet
Is accomplished by thevater cycle Through evaporation, water from
the ocean and soil goes as water vapour into ttin@sphere; and by
transpiration, plants release water into the atinesg

In the atmosphere, as the temperature decreases,wagour condenses
into water droplets to form the clouds that preeitg as rainfall. A large
proportion of this goes directly into the oceanrahirectly through run-
off. Part of the water on the soil sinks dowp percolation to form
groundwater. The groundwater is pulled throughrthws of plants and
Is transpired back into the atmosphere. Most ofréie and snow that
fall on the continents come from plant transpiration thanmfrocean
evaporation.

12
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The water cycle transfers sun’s heat energy toowuariplaces of the
Earth; It also moves contamination or pollutionnmduhe planet. Every

ENVIRONMENTAL CHEMISTRY

living thing is directly connected to the water leyc

Evaporatio

Transpiration

Atmospheric HO

Percolation
Run off

-v
—Ground Water
Absorptj

Fig. 4:

SELF ASSESSMENT EXERCISE 3

Briefly explain (i) how elemental sulphur can bergerted to a sulphite

Precipitatio

N Evaporation
=
o
@
s
Q
@
~_ Surface Wate —

The Water Cycle

or a sulphate, (ii) the microbial transformationgess of HS to SG*.

4.0 CONCLUSION

Available elements and compounds in the earth woatisly undergo
transformations that are vital for the preservatdrboth the activities
and the quality of life on Earth. Both living andmliving things of the

Earth must interact to effect these transformations

13
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50 SUMMARY
In this unit, you have learnt that:

I there are various biogeochemical cycles sucth@esarbon cycle,
the nitrogen cycle; the sulphur cycle; and the weyele;

. each biogeochemical cycle is a model that dbesrthe complex
movement of a chemical element or its species gmuatters
usually near the Earth’s surface;

iii. there are different reservoirs for the recytlelements e.g. for
nitrogen, the reservoir is the atmosphere; whitesidphur, it is
the crust.

\Y2 both anthropogenic and natural processes/aesvadd elements
to or remove elements from the environmental cotmpents.

6.0 TUTOR-MARKED ASSIGNMENT

(@) Explain briefly the roles of bacteria in the@dgeochemical cycles
of carbon, nitrogen and sulphur.

(b)  Using a simplified illustrative diagram, expiabriefly either the
nitrogen or carbon or sulphur cycle.
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1.0 INTRODUCTION

The atmosphere is a layer of air (mixture of gasies) extends up to
700 kilometres above the Earth’s surface. The gtimar® is a complex
and rapidly changing part of the earth. Tieid nature of the
atmosphere causes it to be the most changeablefp#re Earth. The
atmosphere is constantly under the influence ofityraearth’s rotation
and differential heating by solar radiation. Then@sphere drives the
weather (atmospheric variables that changgpidly-air temperature,
humidity, percentage of cloudiness, type and amotiptecipitation, air
pressure and wind velocity) and tlekmate (the average weather
condition in a region over a long period of time).

The gases in the air directly or indirectly suppliieé on the Earth;
during respiration, living things consume oxygemd aelease carbon
dioxide; plants absorb carbon dioxide during phgttisesis and release
oxygen; nitrogen is converted to useful nutrieotsupport plant growth
and hence, that of the animals that depend ongfansurvival.

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

name the stratified layers of the atmosphere

identify the characteristics of each layer thiffiecentiate it from
the others and

discuss atmospheric reactions of notable enviesrah
implications.
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3.0 MAIN CONTENT
3.1 General Composition of the Atmosphere

A greater percentage of the air in the atmospleemaide up of clear and
odourless gases-nitrogen and oxygen. These twesga® called the
primary or “permanent’ gases.According to their relative volumes,
average composition of the dry unpolluted atmospl®given in Table
1. Varying amounts of most of these gases may bedan each of the
layers of the atmosphere.

Some of the concentrations are uncertain becauseginalytical
procedures for some components have only recesdighed the stage
where good data cdre obtained;(ii) some components such as £H
N,O and CQ are known to be increasing in concentratidtnaa
appreciable rate; and (iii) it is questionalbetherany parts of the
atmosphere can be considered entirely free of faoita or not.

The primary gases do not affect the weather urihiketrace gases. The
lower atmosphere contains varying amountswater vapour which
determines its humidity. Water vapour (and to adeslegree, CQis of
great importance in radiative transfer becaiisabsorbsand emits
strongly the infra-red (IR), the region of the dpem at which earth
radiates energy back to space. Carbon dioxide pagsajor role in
the greenhouse effect and the attendant temperattenuation of the
earth. Variouggaseousndsolid impurities such as Chlorofluorocarbons
(CFCs) in the atmosphere resulting from human giets/contribute to
the ozone layer depletion. The air also carriesymdnds of dust of
meteorite and terrestrial origin alongside micrgamisms, pollen and
other particulate matters of anthropogenic origin.

The earth’s atmosphere is a little thicker at trgpudtor and a little
thinner at the poles because, the earth’s spinmogon causes it to
bulge slightly at the Equator. Because of the ptilgravity, the density
of the atmosphere and the pressure exerted bhy@eculesare greatest
near the earth’s surface (approximately 1gtf0and 18 dynes/cr,
respectively). Air pressure decreases rapidly vifitreasing altitude,
reaching one-half of its sea-level value at about 5,500 m (5.5
kilometres). At standard temperature and pressutg.), 22.4 L of air
weighs 28.97g.
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Table 1: Average Composition of the Dry Unpolluted
Atmosphere

Average Concerratior | Apprcximate
Gas % ppm Residence time
1. | N, 78.08 1C° year:
2. |0, 20.95 500(Cyear:
3. |Ar 934( Notcyclec
4. | CGO, 36C 10Cyear:
5. | Ne 18 Notcyclec
6. | CH, 1.8 15 years
7. | CK, 1.1 Notcyclec
8. | Hy 0.58 1Cyear:
9. |N,O 0.31 12Cyear:
10. | CO 0.12 65day:s
11 | Xe 0.0¢ Notcyclec
12. | O 0.01- 0.1 | 10Cday:
13. [ SO, 10°- 107 | 1Cdays
14. | NO/NG, 10°-1C% | 1day
15. | NH; 10%-10° | 5day:s
16. | HNO; 10°-10° | 1day
17. | Cl, 0.6

Sources: J.H. Seinfeld, 1986; P. Brimblecombe,
1996; P. O’'Neill, 1993.

3.2 Composition and Characteristics of the Earth's
Atmospheric Layers

The Earth’s atmosphere is composed of distingerla namely; the
Troposphere, the Stratosphere, the Mesospherel teanosphere and
the Exosphere.

3.2.1 The Troposphere

The troposphere holds most of the air and is tla&ewhere storms
occur. It extends from the Earth surface upward tweight of about 10
kilometres at the poles, 11.3 kilometres nmnd-latitudes and 16.1
kilometres at the Equator. The air in the trop@sp is in constant
horizontal and vertical motions. Throughout the troposphere,
temperature decreases with altitude at an averge Irate of abouf@
per 305 m reaching about &7 at the tropopause (the peak of the
troposphere).

17
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The troposphere may be considered in two smalletpoments: the part
in contact with the earth surface is called boeindary layer; above it
is thefree troposphere The boundary layer is normally bounded at its
upper extreme by a temperature inversion (a hot@&drand in which
temperature increases with height) through whittte lexchange of air
can occur with the free troposphere above. Thehdepthe boundary
layer is typically around 100 metres at night aBO metres during the
day, although these figures dary greatly. Pollutant emissions are
usually emitted into the boundary layer and arestramed within it to a
large extent. Free tropospheric air contains timgéo-lived atmospheric
components together with contributions from pialhts, which have
escaped the boundary layer, and from some dowhwaixing
stratospheric air.

The troposphere is the layer of greatest interéist r@spect to pollution
iIssues because, it is the layer in which mostdj¥imngs exist.

60km Exosphere

L
Ny

m;m; 560km Thermosphere
c I, (+ lonosphere)
= .
S \ §
N~ 4 A
e | ... 30km Mesosphere
4
3 E A \
p 000000 1
3 000000 40km Stratosphere
000000 +
E 000000 (+ Ozone)
4
(]
Lo E XX XXX
Py X X X X X X 10km Troposphere
i XXXXXX
\ 4 Y y Y A

Earth surface

Fig. 5: The Atmospheric Layers
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3.2.1.1 Some Important Tropospheric Chemical
Transformations

1. Formation of Hydroxyl Radical (OH)

(@) Photolysis of ozone: When ozone undergoes pfsioin the
presence of light of short wavelength< 315mm) singlet atomic
oxygen O (ID) is formed. This may relax to theplet state O
(°*P) or may react with water vapour to form OH.

O;+hv —» O(D)+0, (A<315nm)
O(D) + M —_, OfP)+M
or OfD)+HO0 _—_, 20H

This is the primary source of OH in the atmosphékk.is an inert
energy absorbing molecule eldp).

(b) Reactions of CIp) with CH, and H. This is one of the minor
sources oDH in the atmosphere.
CH, + O(D)—— CH; +OH
H,+0O(D) —— H+ OH

(c)  Photolysis of HONO and .. This produces OH directly.
HONO + hv ——» OH + NO A<400nm)
H,O, +hv —» 20H (<360nm)
(d)  From HQ radical. In polluted atmospheres, H@ able to give
rise to OH formation.
HO,+NO —» NO, + OH

The hydroxyl radicals play a central role in thenfation of ozone,
peroxyacetyl nitrate (PAN), sulphuric acid andiniticid.

2. Formation of ozone:Ozone could be formed in the atmosphere
(troposphere particularly) from the oxidation of CEnd CO in
processes involving the hydroxyl radicals.

CH4 + OH EE— C"b +H20
CH;+O#M ___, CHO,+M
CH;0, +NO —— CH;O+NO,
CH:O + G — CHO+HO
Also, CQ + OH —> CO;+H
H+ Oy*+M — % HO,+M
Now, HO, + NO —» OH+NO;
NO, +hv — NO+OCP) (r<435nm)
OCP)+O*tM ——> O3 +M

19



CHM314 ENVIRONMENTAL CHEMISTRY

3. Formation of peroxyacetyl nitrate (PAN): PAN is of interest as
a characteristic product of atmospheric phuotogstry, as a
probable reservoir of reactive nitrogen in remdtaaspheres and
because of its adverse health effects on plamg¢sfoimation is
acetyl radicals, CKCO, formed from acetaldehyde oxidation.

CH,CHO+0H ——, CHCO +H,0
CH,CO + O — » CHC(0)0O
CH,C(0)00 + NQ—— CHyC— OONQ

Il
o (PAN)

4. Formation of sulphuric acid: Atmospheric oxidation of SO
could proceedvia a range of mechanisms but formation through
the hydroxyl radical reactioim the gas phase is of overwhelming
Importance.

SO, + OH —» HOSO
HOSGO + O, ——» HO, +S0;
SO3 + H,O — H,SO,

5. Nitric acid formation: The main daytime route of HNO
formation is from the reaction:

NO,+OH ——_ HNO;

At night, reaction of N@ radical becomes important which was not
operative during the day due to photolytic breakn of NQ. The
radical is formed as follows:

N02 + O3—> N03 + 02
NO;+ RH ——» HNO; +R

and NO, +NO, M% N,Ox

AN
N,Os + H,0O — 2HNG;

One of the atmospheric changes that has attractedespread attention
over the last few decades is the phenomenoacaf rain or acid
deposition Acid rain results when gaseous emissions sucsubshur
oxides (SQ) and nitrogen oxides (NQinteract with water vapour and
sunlight and are converted to strong acidienpounds as indicated
(Nos. 4 and 5) above.
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SELF ASSESSMENT EXERCISE 1

1. State two reasons why the troposphere could dmsidered a
layer of greatest interest to an environmentalhgseout of all
the atmospheric layers.

2. Discuss briefly two ways by which the hydroxgtrcals can be
formed in the troposphere.

3. List and explain two roles of the hydrbxydicals in the
troposphere that could result in environmental degtion.

4. Using chemical equations only, show the mecimaros either
H,SO, or HNG; formation in the atmosphere.

3.2.2 The Stratosphere

The stratosphere is the second layer of the atnesepAs one moves
upward from the earth’s surface. It lies abovettbposphere and below
the mesosphere. The stratosphere starts at ap@i@ynilO kilometres
and extends to approximately 50 kilomettegh. The altitude of the
bottom of the stratosphere varies with latitude aedsons. The bottom
of the stratosphere is around 16 kilometres nearetjuator, around 10
kilometres at mid-latitudes and around 8 kilometnear the poles. It is
slightly lower in winter atmid and high-latitudes and slightly higher in
the summer.

Within the stratosphere, temperature increas®saltitude increases,
reaching about —°8 at its top (the stratopause). Above the strate@au
temperature again decreases with height. In tla¢osiphere, air does not
flow up and down, but flows parallel to the eamhai very fast moving

air streams. This dynamic stability of the strptoere is due to the
warmer layers above and cooler layer beltw stratosphere. The
heating of the upper layer is caused by an ozoyer khat absorbs solar
ultra violet (UV) radiation.

The stratosphere is very dry; it contains air Viitte water vapour. As a
result of this, few clouds are found in thHas/er with most clouds
occurring in the lower (more humid) troposgheHowever,polar
stratospheric clouds(PSCs) nacreous clouds also called appear in the
lower stratosphere near the poles in winter. Threyfaund at altitudes

of 15to 25 kilometres and form only when temperaturetiase heights

dip below — 78. They are suspected to play some roleshm
formation of “holes in the ozone layer” by catalysing certain chemical
reactions that destroy ozone. Because bactéf@alsurvives in the
stratosphere, it is considered part of the biosmaher
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The Stratospheric Ozone Layer Chemistry

The ozone layer is a diffused concentratidn oaone (Q) found
predominantly in the stratosphere. About 90 peroérthe atmospheric
ozone is located within the stratosphere. Ozoneadlgtoccurs in trace
amounts throughout the atmosphere with a peak otraten of about
10 ppm by volume in the lower stratosphere betwaeout 20 to 25
kilometres altitude. The concentration of azom the stratosphere
shows daily, annual and seasonal variatiohsseveral per cent.
Therefore, it is difficult to identify and quantifychanges in
concentration caused by anthropogenic effects sithese are large.

The ozone layer protects life from the harmful Usys of the sun.
Whereas acid rain and photochemical oxidant poluare somewhat
localised environmental problems, modification wagspheric ozone is
a global phenomenon. The electromagnetic UV ramhatiom the sun
that falls on the upper layers of the atmospheixlivided into three
regions of different energy or wavelengil). (These regions are: highest
energy £ < 290 nm), intermediate energy% € 290 — 320 nm) and
lowest energyX = 320 - 400 nm).

At altitudes above 400 kilometres, the majoritytlod oxygen is atomic
because the bonds in the dioxygen molecule maydieeb by UV { <
290 nm) to form fre®@xXygen atoms.

O, 2(0).

At lower altitudes, as the number of dioxygen amdtgen molecules
increases, ozone ¢Qs formed.

O+ +M—> O3, M.

The molecular species, M, (usually Nr G,) removes the excess energy
produced when ozone is formed and so prevéhé ozone from
decomposing immediately. Ozone is destroyed byatisorption of UV
and by some other naturally occurring chemical igsecX, (X = NO
and HO usually) in the stratosphere by actien sequence that
regenerates these species so that they can react ag

o, —YY , 0+0
or OG+tX—— O,+0

XO+0——» O +X
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Recently, there have been significant increaiseghe stratospheric
concentrations of Chlorine (Cl) and Bromide (Bt)h&s been estimated
that one atom of Cl can destroy 100 000 moleculeszone before the
cycle is interrupted. The bromine cycle ist reasily broken; once
formed, the ozone moves towards the poles andtalsmwver altitudes.
There is generally a higher concentration of ozalpeve Polar Regions
because the rate of removal is slower thaar the equator. The
absorption of UV and infrarethdiationin the stratosphere means that
the temperature in the stratosphere is higher thariemperature at the
top of the troposphere. This temperature elision stabilizes air
movements in the stratosphere and controlstheegpatterns in the
stratosphere.

The stratospheric air above the Antarctic amst very little water
vapour (4 — 6 ppm by volume). Consequently, nucleatiand
condensation to form clouds only occur at very tewperatures. When
the temperature drops below ¥5°C, nitric acid trihydrate
(HNOs.3H,0), NAT, particles, start to condense to form typeolar
stratospheric clouds (Type 1 PSCs). Their formatemoves nitrogen
oxide species from the gas phase and traps thaheiglouds as solid
nitric acid. Nitrogen dioxide can break the ozodestroying the cycle
initiated by chlorine by reacting with the chlorim®noxide,

ClO+ NO—— CIONG;,

But this is prevented when the nitrogen speciesinedocked up in the
clouds. To worsen the condition, any chlorine ngra&CIONQ, that is
present in the stratosphere can be destroyed loyiorsa that occur on
the surface of the solid particles, but do not odcuhe gas phase.

CIONG, + H,O—» HOCI +HNO;
CIONG, + HC——  Cl, + HNG;

These reactions increase the quantity of the patBnteactive chlorine
species Cl (from G) and HOCI and CIN®

The increased use of chlorine compounds &sgeeants, foaming
agents,sdventsand in aerosol-spray cans has produced a rapid rise in
the concentration of chlorinen ithe atmosphere. Natural levels of
chlorine are about 0.6 ppb by volume. In 2,98oncentrations had
reached 3.5 ppb and might rise further to 4 pploreetr decline is
expected.
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The chlorofluorocarbons (CFCs) such as £Gind CCJF, were
developed as inert, non-toxic compounds that ctadsafely used by
industry and in home. Unfortunately, they are serti that when they
escape into the atmosphere thagwly passunchanged through the
troposphere and enter the stratosphere. Hely, are subjected to
photochemical decomposition under the influenceUdf radiation to
yield free chlorine atoms that catalyse the decamion of ozone e.g.

CCLF, _uv , Cl O3 0,+Cl0 —2, 0O, +C| (Canreacagain)
Dichlorodifluoro Activated Chlorine
methane Chlorine oxide

atom

The CFCs have long atmospheric lifetimes (65 ygar<ClF and 130
years for CCLF,). There are enough of these compounds & th
atmosphere to support the elevated stratosphelaciod concentrations
until 2100. Sinceanthropogenicallyintroduced chlorine and bromine
levels will remain high for so long, it is expectit there will increase
in dangerous UV radiations reaching the earth’faser Before ozone
depletion began, 70 — 80 per cent of the dangetbdigadiation was
absorbed before reaching the earth surface. A 1Cqet reduction in
stratospheric ozone concentration would reduce #mount of
dangerous UVbeing absorbedto 55 — 65 per cent. This could have
major effects on susceptible organisms such askaarand land plants.
Effects on humans would include increased riskkiri sancer and eye
cataracts. These direct effects on human arevessying than the
interference with food production that could occur.

The increased use of fertilizers is causing anease (0.25% per year)
in the quantities of N,O being produced by micro-organisms. Like
CFCs, NO is very stable and passes up through the tréwospand
finally enters the stratosphere. Here, (Styatese), is broken down
under the influence of UV radiation into a mixtwkabout 95 per cent
N, and 5 per cent NO. NO is one of the ozone destgogompounds.
N,O

2N,O UV N, +2NO
— > (95%)

NO+OQ; —> NO,+0,

NO,+O —> NO +Q
(5%)
The effects of increased,® concentrations are relatively small and
may well be balanced by increases in methane)@Hich is capable of
increasing or preserving ozone concentrations hygtieg with chlorine
in the stratosphere.
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SELF ASSESSMENT EXERCISE 2

1. List two naturally occurring and two antpogenic chemical
species that could lead to stratospheric ozonestepl
2. Briefly explain how a named chlorofluordman can cause

stratospheric ozone layer depletion.
3.2.3 The Mesosphere

The mesosphere is a layer of earth’s atmospheexthirabove the
stratosphere and below the thermosphereextends from about
50kilometres to 85kilometres above the earth setfabestratosphere

and mesospheretogether are sometimes referred to as rtiiddle

atmosphere Throughout the mesosphere, temperatures desreate
height; the coldest temperatures (approx. “CP0Owithin the Earth’s
atmosphere are found near the toptleé# mesospherei.e. within the
mesopause.

Much about the mesosphere is still mysterious bsaiti is difficult to
take instrumental measurements of the mesospheretld Weather
balloons and other aircrattannot fly high enough to reach the
mesosphere and satellites orbit above it; it caafsm directly measure
traits of this layer. Scientists use the instrureeot sounding rockets to
sample the mesosphere directly, but such flighesdaef and infrequent.

Most meteors vaporise in the mesosphere. Some ialatBom meteors
linger in the mesosphere such that this rlalyas a relatively high
concentration of iron and other metal atoms. Vergrge, high altitude
clouds called *“noctilucent clouds” or “polamesospheric clouds”
sometimes form in the mesosphere near the poleselpeculiar clouds
form at a much higher altitude than other typeslofids. Odd electrical
discharges similar to lightning called “sprites” and “ELVES”
occasionally appear in the mesosphere dozénkilometers above
thunderclouds in thetroposphere below. Within and below the
mesopause, gases made of different types of atowhsmmlecules are
thoroughly mixed together by turbulence in the aphere.

3.2.4 The Thermosphere

Above the mesosphere is the thermosphere. Indstéor about 90
kilometres above the earth surface. It is the layer of the tkar
atmosphere which is first exposed to thevssuradiation. In the
thermosphere, gas patrticles collide so infrequeatigt get sorted into
strata based on the molecular mass and types aificileelements they
contain. Within this layer, UV radiation c@s$ ionisation of the
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atmospheric particles, enabling radio wavesbtmunce off and be
received beyond the horizon.

Thermospheric temperatures increase with d#itand can rise to
1500C and above due to absorption of highly energetiarsradiation
by the small amount of residual oxygen still preés@ine air within the
thermosphere is so thin that a small increase @mggncan translate to a
large temperature increase. Because of the thim dire thermosphere,
scientists cannot measure the temperature direttigy measure the
density of the air by pressure drag it puts onll#at and then use the
density to find the temperature.

Theionosphereis the very outer edge of the thermosphere. Itosan
separate layer as such; it is a place where gassadaft into space from
here. It is called ionosphere because in this gfatie atmosphere where
the sun’s radiation is ionised, or pulled aparttasavels through the
earth’s magnetic fields to the north and south oldiis pulling apart is
seenfrom the Earth aswuroras. The colourful displays churoras are
called the Northern Lights” or “Aurora Borealis” in the Northern
Hemisphere, the Southern Lights’ or “Aurora Australis” in the
Southern Hemisphere.

The dynamics of the lower thermosphere (below 1ROnietres) are
dominated by atmospheric tide, which is drivenpart, by the very
significant diurnal heating. The atmospheric titissipates above this
level since molecular concentrations do swpportthe coherent motion
needed for fluid flow.

3.2.5 The Exosphere

The exosphere is the highest layer of the atmospfargether with the
ionosphere, it could be considered as part ofieentosphere extending
from 500 to about 1000 kilometers (it may extdndabout 10,000
kilometres above the earth’s surface). This, indéethe upperlimit of
the earth’s atmosphere where the atmosphere tumsrges into space.

The highly diluted gas in this layer can reach 280@uring the day;
even though the temperature is so high, one woatdfeel hot in the
thermosphere; because it is so near vacuum teat¢ tis not enough
contact with the few atoms of gas to transfeuch heat. A normal
thermometer would read significantly belowC0due to the energy lost
by radiation overtaking the energy acquired from amospheric gas by
direct contact.
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In this region of the atmosphere, hydrogen anduhelare the prime
components and are only present at extremely lawgitles. This is the
zone where many satellites orbit the Earth.

4.0 CONCLUSION

Without the over 145 kilometres plus of atpioere above us, the
closest three kilometers plus where all our weathkes place would
not have been possible. Every physico-chemicaviaicijoing on in the
atmosphere is not only connected, but has eithsitip® or devastating
effects, directly or indirectly, on the activitiea the Earth surface.

5.0 SUMMARY
In this unit, you have learnt that:

I the earth’s atmosphere consists of fiveremor less distinct
layers: the troposphere, the stratosphere, nbiesosphere, the
thermosphere antie exosphere;

. there are physico-chemical variations in then@dpheric layers
that characterise each of the layers;

lii.  the chemical reactions in the atmospheald positively or
negatively affect the atmospheric gaseous compasitiand

\Y2 the ozone layer of the atmosphere shidlis plankton, land
plants and humans from the damaging effects of excessive
dangerous UV radiation from the sun or the outer pacs.

6.0 TUTOR-MARKED ASSIGNMENT

1. List two physico-chemical features which distirgh the
stratosphere from the troposphere.

2. What particular hazards are caused by the presen
Chlorofluorocarbon$CFCs) in the stratosphere?

3. Which of NO or BO do you consider of concern if it is
substantially present in the atmosphere? 8igpwecessary
chemical reactions, justify your response with iaftexplanation.
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1.0 INTRODUCTION

In sciences “contamination” refers to a ditwa when a chemical
substance is present in a given sample or matitix mo evidence of
harm while “pollution” is used in cases wdhethe presence of the
chemical is causing harm. Pollutants therefore dremicals causing
environmental harm.

Broadly, our environment can be classifiedointater, air and soil
environments. Hence, we talk of water pollutior, @ollution and soil
pollution. In many cases, the classification haslear-cut boundary as
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a pollutant found in air may soon find its way inte soil or aquatic
environment and vice versa.

2.0 OBJECTIVES

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

differentiate between a contaminant from a pahtt

identify chemical substances that are fundamigntesponsible
for the contamination or pollution of an aquatiziemnment
mention the sources of the named pollutants

classify the sources into natural or amgbgenic, and also
identify the sources or diffuse sources.

3.0 MAIN CONTENT
3.1 Pollutants in Aquatic Ecosystems

3.1.2 Effects and Criteria of Pollutant Designatia

Any chemical can become a pollutant in water isipresent at a high
concentration. For example, serious pollutiondeait can result from
spill of sugar and milk. When a water body becompebuted, one or
more of the following effects would be experienced:

Aesthetic or visual nuisance including productdrfioul smell.
Heightened temperature of the water body.

Lack of oxygen or devaluation of dissolved oxygen

Acute or chronic toxicity causing damage to aguat human
life.

Disturbance of the ph regime.

Eutrophication i.e. much availability of nutrisngiving rise to
excessive growth of some organisms in water.

Although any chemical can be a pollutant, certdiansicals have been
identified by international agreement as beimyidrity pollutants .
These priority pollutant chemicals have bessatected based on the
following criteria: (i) they are toxic at low noentrations; (ii) they
bioaccumulate; (iii) they are persistent; and (ivgy are carcinogens
(Substances that can cause cancer).

It is true that priority pollutants can be very darous or hazardous
even at low concentrations, but then; differentneicals can constitute
priority pollutants in different contexts. For example, effluents
containing biodegradable organic chemicals genegadt as pollutants
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not because they contain chemicals at concenteatlwat are toxic, but
because they contain chemicals that provide abundaad for
microorganisms. The microorganisms thus multiplyidly as a result of
the increased food input. The microorganisms, enpfocess of growing
and oxidising the organic chemical foodstuife up the dissolved
oxygen rapidly leading to the death of higher organs like fish.

3.1.3 Modes of Chemical Pollutant Release

There are two broad types of chemical release amoenvironment,
namely: point source dischargeor direct discharge and non-point
source dischargeor diffuse discharge Point source or direct discharge
Is the release of environmental pollutants fronpacsgic place such as
industrial sites, sewage works or agricultural laRdllutionfrom point
source discharges are easier to monitor, contnol tlaeir environmental
impacts is relatively easier to determine. On akieer hand, the non-
point discharge of pollution refers to pollutioroin diffuse or even
diverse places e.g. heavy metal pollution arishnognf harmattan loesses
deposition. Such pollution sources are usuallyiaiff to determine, and
very often, statistical weapons such as factoryasmalre resorted to in
order to reliably predict their sources.

Currently, emphasis on priority pollutant cahtrhas shifted from
control of point sources towards control offudie sources. This is
because new technology enabling priority polluiarmow available and
pollution control technology has improved tremerglguln some cases
however, the availability of new technology onlyrily solves the
existing problem, for example, hydrochlorofluordeams (HCFCs) are
preferred to the chlorofluorocarbons (CFCs) because HCF@s a
expected to break down in the atmosphere fairlydilgpHowever, the
trifluoroacetic acid, which some HCFCs are expetteproduce, is very
stable and will wash out from the atmosphere wheneain falls. In
areas like seasonal wetlands which have high exeapsgiration rates,
the trifluoroacetic acid may concentrate to lewslsich may damage
plants.

3.1.4 Pollution Control: Regulation and Contrd of Priority
Pollutants

The growing internationalisation of priority pol&utts control is mostly
driven by the recognition that pollution does not recognise
environmental compartmental or national boundartem example, a
pollutant can cross from soil to aquatic environtnérkewise, pollution
caused in London may soon firekpressionwithin the geographical
boundary of Nigeria. It has been recognisézb that protection of
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aquatic environments (marine water particularly)n canly be
accomplished by international action.

Government, regulatory agencies and industrialiathies have
recognised the following hierarchy of approachegiiority pollutant
control: Replace — use another, moreenvironmentally  friendly
chemical;Reduce— use as little of the priority pollutants as pbles
and Manage — use in a way to eliminate or minimise accidertal
adventitious loss and waste.

The regulation and control of priority pollutanssan international issue
and is not just a case of tightening up on disahaxgnsents as diffuse
sources can be important and even dominate in stames. It also
requires a portfolio of complementary activitiesé&a on a hierarchy of
replace — reduce — manage

SELF ASSESSMENT EXERCISE 1

1. Differentiate between contamination and pollatio
2. List six observable effects resulting from aegiwater body
pollution.

3. What are the criteria used to designate a clemibstance as a
“priority pollutant”?

4(a) Explain what is meant by (i) point source Hesge and (ii) non-
point source discharge of pollutants into an emnnent.

(b)  Give two reasons why there is greater emphasigon-point
source discharge than on point source dischargelbftants.

5. State and briefly discuss the hierarchy of apphnes to priority
pollutant control.

3.2 Individual Aquatic Environment Pollutants: Their
Sources and Effects

A wide range of pollutants can enter the aquaticiore specifically,
the marine environments in a number of walgese pollutants or
classes of pollutants are:

3.2.1 Crude Ol

Since crude oil is a very complex mixture of manfyedent chemicals,
the effects of an oil spill on the aquatic enviramhdepend on the exact
nature and quantity of the oil spillefihe effects are also determined by
such other factors as the prevailing weatlkenditions and the
ecological characteristics of the affected region.
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Crude oil gets into water bodies through transpiomna (tanker
operations and accidents, dry docking and non-taakeidents), fixed
installations (coastal refineries and offshgeoduction) and other
sources (municipal wastesdustrialwastes,urban run-off, atmospheric
fallout and ocean dumping). Some of the damagesethto aquatic
organisms by oil spills are growth inhibition of ypbplankton, large
scale mortality in littoral communities thrdugacute toxicity and
smothering, fish kill, death of seabirds througlbwaning, hypothermia
or toxic effects of ingested oil and vulnerabildf/coastal populations of
marine mammals e.g. seal colonies.

3.2.2 Sewage

Domestic sewage, with or without the presence ofustrial wastes,
probably represents the commonest and most widegmantaminant of
inshore and near shore waters. Sewage may reacWwdter bodies in
different forms: untreated raw sewage dischargasijghly or properly
treated discharge and outright dumping of assatiagvage sludge at
marine sites. Sewage poses aesthetic and health risks utmain
populations and also acts as a vector whereby sidenable variety of
other contaminants reach the aquatic environment.

3.2.3 Persistent Organic Chemicals

Persistent organic chemicals which have provedetofbconcern in the
aquatic environments are essentially chlorinatesfiggdes such as DDT,
dieldrin, aldrin, endrin, lindane, hexachloeokzene and toxaphene.
Others include polychlorinated dibenzo-p-dioxins (PCDD) and
polychlorinated dibenzofurans (PCDF); pesticidekeli2, 4-—
dichlorophenoxyacetic acid (2,4-D), 2,4,5 — trigblghenoxyacetic acid
(2,4,5-T) and 2-methyl-4,6-dichlorophenoxyaceticda@ICPA). There
are other chemicals which are sufficiently commomjc and persistent
to represent potential threats e.g. polycydimomatic hydrocarbons
(PAHS), plasticizers (e.g. phthalate esters), detdr residues, organic
solvents, and so on.

These chemicals contaminate the aquatic systerasaghraerosol drift,
surface runoff, aerial spray and direct applicationwater hyacinth or
mulluscs. Amongst the top predators, the main detmis effects have
been eggshell thinning in birds (by DDE) and rifgeence with the
reproductive and immune systenm mammals (by PCBs). A

considerable number of top predator birds showegjomdeclines in
abundance during the peak period DDT usage. Apparently
responsible for the abnormalities in male sex bgwaent in wildlife

and humans including members of the DDT Ranaf compounds,
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chlordecone (Kepone), various sterols and pbssibnylphenol. Of
these, pp’— DDE is the most potent.

3.2.4 Heavy Metals

Metals and metalloids with an atomic densityeéger than 6g/cth
which are associated with pollution and toxicitplplems are generally
referred to ateavy metals Examples are As, Cd, Cr, Cu, Hg, Ni, Pb
and Zn. Unlike most organic pollutants, heavy nsetadcur naturally in
rock-forming and ore minerals. So, there asrange of normal
background concentrations of these elements ii3,s&@diments, waters
and living organisms. Thus, the presence of thalmetan insufficient
evidence of pollutionlwe only talk of pollution when there is high
concentration of the metals relative to the norbaadkground levels).

Heavy metals find wide applications in electroniosachines and the
artifacts of everyday life as well as “high-tech” applications. Hence,
they tend to reach the environment from a vastyanfaanthropogenic
sources as well as natural geochemical proceBsggending on their
speciation (as well as one the condition of theanigm), heavy metals
like Hg, Pb and Sn in the aquatic environmentgatentially harmful.

3.2.5 Eutrophication

The addition of excess nutrients to a wabsdy is known as
eutrophication. Important sources of these nutrients include kafean
of organic matter, phosphorus-containing detergeagscultural runoff
and leaching of artificial fertilizers and manufesm intensive farming
units, the burning of fossil fuels which increasi®s nitrogen content of
rain, and so on and so forth. Nitrogen and phosphare the two
nutrients most implicated in eutrophication. Thisbecause growth of
organism in water bodies is usually limited by gblworus rather than
nitrogen; it is the increase in phosphorus whigcimgates excessive
plant production in freshwaters.

One of the serious effects of eutrophicatiwhich result in huge
financial lossis the stimulation of algal growth especially in tera
supply reservoirs; this is the main cause of watatment problems.
Large populations of algae may result in the blogkof filters in the
treatment works.

Drinking water with high nitrate contents geats potential health
problems. In particular, babies under six monthagd who are fed with
such water may develop methaemoglobinaemia (baley Isyndrome),
in which the nitrate in their feeds reducedto nitrite in their acid
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stomachs. The nitrite then oxidises ferroussian their blood
haemoglobin, thereby lowering its blood carryingaeity.

3.2.6 Acidification

Generally, there are three categories of watgh respect to their
acidity differences;(i) those which are permanently acidic with a pH <
5.6; (ii) those which are occasionally acidichere pH is normally
above 5.6, but may drop below 5.6 periodically; &ngpthose which are
never acidic, the pH never dropping below 5.6. @b&ls either fall
directly into water bodies in form of precipitation are washed in from
vegetation and soils within the catchments. Sameti acids can be
generated indirectly from mining activities. Foraexple, exposed iron
pyrites can undergo chemosynthetic bacterial oxidation to yield
sulphuric acid, making water flowing from the ateahave a pH of 3.5
or below.

When there is acidification of a water body, amaimg animals to first
disappear are the shrimps, minnows, trout andfistayNormally, no
species of fish reproduces at valoépH below 5.4.

3.2.7 Thermal Pollution

Water used for cooling discharge from electricigngrating stations is
the main source of pollution by heat. An increaséemperature alters
the physical environment in terms of a reductiorbath the density of
the water and its oxygen concentration, whie metabolism of
organisms increases.

Cold water species (of fish especially) are venysgeve to changes in
temperature and tend to disappear if heated etBuare discharged to
the headwaters of streams. As the temperanoeeases, a conflict
arises; the rate of heart-beat of a fish increasesbtain oxygen for
increased metabolic processes, but at thee same, the oxygen
concentration of the water is decreasing.

3.2.8 Radioactivity

Sea water and marine sediments are naturally reiiieabecause of the
natural presence of radioactive potassium d@nium and thorium
decay series, and the creatiohn lighter radioisotopes through the
interaction of cosmic rays and atmospheric gasdth the products
subsequently transferred to the water surface. @adlyn radionuclides

behave almost identically to their stableurderparts. They are,
therefore, partitioned between water, sedimentskaota according to
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their behavioural properties e.gs-L37 is largely water soluble, Pu-239
and Pu-240 form strong associations with fine-grdisediments.

Releases of radioactivity by anthropogenic acasiti into the
aquatic/marine environment include: (i) radiatioonh Weapons Testing
Programmes; (ii) routine releases from Nucl®ower Plants e.qg.
tritium, sulphure-35, zinc-65 and cobalt-60; (iigleases from Nuclear
Fuel Reprocessing Plants e.g. tritium, C-14, CO$090, Te-99, Ru-
106, 1-129, Cs-134 and 137, Ce-144, Pu-241 and Afn-Bv) reactor
accidents on land e.g. Chernobyl in the Ukrainer{Al986) nuclear
reactor accident; (v) dumping of low levelaste e.g. radioactive
material dumped at Koko village in Nigeria; and) (waval sources e.g.
nuclear warheads and reactors from accidents imatihes.

Humans are the most sensitive of all living orgarssto the effects of
radiation, therefore all radiological populationasares are designed to
protect humans on the understanding that all atphecies will therefore
automatically receive adequate protection. Radiagibects on humans
are eithersomatic or genetic Somatic effects are those that cause
(noticeable) damage to the individual e.g. anefague, loss of hair;
cataracts, skin rash and cancer. Geneticcteffenclude inheritable
changes resulting from mutations in reproductiiiscé is widely held
that even small dosages of radiation can have satheerse effects,
genetic effects being of greatest concern.

SELF ASSESSMENT EXERCISE 2

In a tabular form similar to the one below, listdipollutants of an
aquatic ecosystem, their sources and effects.

Pollutan Source(s) Effect(s’
(1)
(2)
3)
(4)
(5)

4.0 CONCLUSION

Despite the vast amount of scientific informatioraitable with respect
to water pollution over the past five decades, mangur fresh waters
still suffer from poor water quality, with sevecensequences for the
flora and fauna they support. Scientific kalb@w is subverted by
economic and political constraints, and in manyaneses, by careless
accidents within the catchment.
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Newly synthesized materials are constantly beimgled to our
waterways as traces or in effluents and the long-&ffects of these are
largely unknown. A continuing programme of sunamlite is required to
protect our water resources from furtheree of environmental
degradation that threatens our collective co-ercste

50 SUMMARY
In this unit, you have learnt that:

I contamination is the presence of a chemical temcg at a level
causing no harm;

. pollution is the presence of a chemicaibstance at a level
causing harm a pollutant can enter on environmental
compartment through a point-source or diffuse sedischarge;

iii.  substances (or situations) that can cause maddution include
crude oil, sewage, persistent organic chemicadsvyn metals,
eutrophication, acidification and radioactivity.

6.0 TUTOR-MARKED ASSIGNMENT

Explain how (a) Sewage, (b) Eutrophication and (cAcidification,
can lead to water pollution.
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1.0 INTRODUCTION

Most people tend to associate air pollution prolslemith the advent of
the industrial revolution whereas; such problemgehsomehow plagued
the human race for centuries. The earliestufants noted in the
atmosphere were probably of natural origin. Smokenes, ash and
gases from volcanoes and forest fires; sand anidfidus windstorms in

arid regions; fog in humid low-lying areas; andumal terpene hazes
from pine trees in mountainous regions were pamuw environment

long before anthropogenic (human-induced) @isl came on the
scene.

It is true however, that anthropogenic inputave tremendously
increased théevelsof each pollutant in the atmosphere. Pollution of the
atmosphere increases in almost direct proportio the population
density and is largely related to the productsashisustion from heating
plants, incinerators and automobiles plus glasemes and smokes
arising from industrial processes. Air pollution gquiite another type is
of major concern nowadays. This results from ractiva materials that
gain entrance into the atmosphere through nuchgaosions.
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Except in such extreme cases as volcanictiengy pollution from

natural processes does not usually pose gmablsevere enough to
seriously endanger life; ultimately, human aceatare to blame for
pollution problems that threaten human’'s efgigan of long and

healthy life.

2.0 OBJECTIVES

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

name major air pollutants and their sources

state the health effects of each air pollutant

describe the mechanism of action of some of tikigants in
human body.

3.0 MAIN CONTENT

3.1 Air Pollution — Past, Present and Future

The smoke from isolated wood-burning fires of eadye dwellers went
to the air almost unnoticed. But when the smokmnfrcoal-burning
furnaces in heavily populated cities startétg effects of pollution
became severe enough to alarm some of the inh&bdamodern cities.

In A.D. 61, the philosopher Seneca described “tbavig air of Rome”
and “the stink of the smoky chimneys thereof”. B3, King Edward |
was bothered enough by the smoke and fog mixtuak litooded over
London to prohibit the burning of “sea coaBy the time Queen
Elizabeth | ascended the throne, the city’s notmipea-soup fogs had
become smog. Because of her allergy and aversiaodl smoke, the
Queen moved out of the city into the cleaner aiNoftingham. Toward
the end of Elizabeth’s reign, a law was passedipitaig the burning of
coal.

By late 1880s, there were some corresponding eveteonf interest in
overcoming air pollution, including the enactmeof smoke-control
laws in Chicago and Cincinnati. In 1930, an invenstrapped smog in
Meuse Valley, Belgium. Sixty three persons died aaderal thousand
others became ill. The London smog disaster of 18&&e it impossible
to ignore any longer the serious consequences @oéution. Between
4™ and 9" December, 1952, 4000 deaths attributed to air potithad
been recorded, enough to move Britons to pass kb@&nCAir Act in
1956.

From that time till now, Clean Air Acts have beeamsped in places like
the USA, Australia, Canada, and so on and so forth. There had been
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Clean Air Act Amendments as well. Though it ikely that future
changes will be made, it is probable that the moveard air pollution
control has gathered enough momentum and publipestipo maintain
a course which ensures a cleaner, healthier atreosghr us now and
generations to come.

3.2 Major Air Pollutants and their sources

Air pollutants are substances in the air that asponsible for pollution
e.g. dustfumes, gas, mist, odour, smoke, vapour, etc. Air pollution is
the presence in the outdoor atmosphere of one oe &io pollutants in
sufficient quantities, characteristics and of sulchation to reasonably
interfere with the comfortable enjoyment of lifemoperty.

3.2.1 Particulates

Particulates can either be natural e.g. pollenyespadoacteria, viruses,
protozoa, plant fibres, rusts and volcanic dustarthropogenic e.g. fly
ash, smoke, sooparticles, metallic oxides and salts, oily or tarry
droplets, acid droplets, silicates and other iaarg dusts and metallic
fumes.

At high concentrations, suspended particulaiatter poses health
hazards to humans, particularly those susceptiblespiratory illness.

The nature and extent of the ill effects that maylibked to suspended
particulates depend upon the concentration of qadstes, the presence
of other atmospheric contaminants (notably sulpoxides) and the
lengthof exposure.

Airborne substances such as pollens and sponesingaallergies in
sensitive persons are calladroallergens Ragweed pollen is one of the
worst allergens. Hay fever or asthma sufferers ngnmto the vicinity
where ragweed pollen exists may suffer aitergeactions. Other
aeroallergens of biological origin include yeastglas and animal fur,
feathers or hair. Finely powdered industrial malserican also cause
allergic reactions in sensitive persons.

The most serious situations of particulate air ygadh develop where
local conditions favour atmospheric temperatureersions and the
products of combustion and of industrial processirggcontained within
a confined air mass. A notable example is the stman Los Angeles,
where inversions occur frequently; they also octiwwugh less often, in
several other metropolitan areas e.g. Lagos, Nigeri
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3.2.2 Volatile Organic Compounds (VOCSs)

Volatile organic compounds are a wide randecompounds with
boiling points between approximately 50 and Z5and which, at room
temperature, produce vapours. In the indoor enuemts particularly,
VOCs originate from a number of sources: furnigbinfurniture and
carpet adhesives, glues, building materials, cassjetleaning agents,
fungi, tobacco smoke and fuel combustion.

By far, the greatest peak exposure to VOGsuis during home
decorating using solvent-based paints. Some ofdhngpounds that may
occur in a typical non-industrial indoor environthere aliphatic and
aromatic hydrocarbons, halogenated compounds aethydes. Because
of the diverse range of chemical substandefined as VOCs,
determination of health effects is problematic. tAe levels typically

found indoors however, the major effects are likelype sensory.

3.2.3 Oxides of Sulphur

The oxides of sulphur (SPare probably the most widespread and the
most intensely studied of all anthropogenic aidygahts. They include
six different gaseous species: sulphur monoxid®),(Sulphur dioxide
(SO,), sulphur trioxide (SO;), sulphur tetroxide (S£), sulphur
sesquioxide (£;) and sulphur heptoxide {S;). However, only S@
and SQ are the oxides of sulphur of most interest in #tedy of air
pollution.

The burning of solid and fossil fuel contributesrendhan 80percent of
anthropogenicSO, emissions. It is estimated that Sf@mains airborne
an average of two to four days, during which timeay be transported
as far as 1000 kilometres. Thus, the problen5@§ can become an
international one. Relatively stable in the atm@&sphSQ acts either as
a reducing or an oxidising agent. Reacting phototbally or
catalytically with other components in the atmosph&Q can produce
SG;, H,SO, droplets and salts of sulphuric acid. Sulphur diexcan
react with water to form sulphurous acid, a weakl achich can react
directly with organic dyes.

Sulphur dioxide, sulphuric acid and sulphate stdtsd to irritate the
mucousmembranef the respiratory tract and foster the development
of chronic respiratory diseasesich as bronchitis and pulmonary
emphysema. In a dusty atmosphere, &JParticularly harmful because
both SQ and HSO, molecules paralyse the hair-like cilia which lime t
respiratory tract. Without the regular sweegpiaction of the cilia,
particulates are able to penetrate to the lungbk sattle there. These
particulates usually carry with them concentrategants of SQ thus
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bringing this irritant into direct, prolonged coatawith delicate lung
tissues. The SO— particulate combination has been cited as cafise
death in several air pollution tragedies.

3.2.4 Oxides of Nitrogen

Oxides of Nitrogen (NQ include six known gaseous compounds: nitric
oxide (NO), nitrogen dioxide (NA) nitrous oxide (BO), nitrogen
sesquioxide (BDs), nitrogen tetroxide (MD,) and nitrogen pentoxide
(N,Os). The two important oxides of nitrogen in air lpgbn are NO
and NQ, being the only two oxides of nitrogen that areitesd in
significant quantities to the atmosphere. d§jgn dioxide is readily
soluble in water, forming nitric acid and eithetrous acid (HN®) or
nitric oxide (NO).

2NO, + H,O—3 HNG; + HNO, |
nitrous acid

MO+ KO~ 2HNG £ NO

Both nitric and nitrous acid will fall out in theain or combine with
ammonia in the atmosphere to form ammonium nit(aid,NO;). A
good absorber of energy in the UV range, . Nilays a major role in the
production of secondary air contaminants such asne (Q). Nitric
oxide is emitted to the atmosphere in much largemgties than N@ It
is formed in high-temperature combustion processesnwdimospheric
oxygen and nitrogen combine according to the reacti

N, + O,—>  2NO

Small concentrations of the N(Qroduced in the upper atmosphere by
solar radiation reach the lower atmosphere thralginward diffusion.
Small amounts of NQare produced by lightning and forest fires.
Bacteria decomposition of organic mattereasks NQ into the
atmosphere. Find combustion in stationary souroésim transportation
are the primary origins of human-induced ,NO

Nitric oxide (NO) is a relatively inert gas and ymwhoderately toxic.
Although NO, like CO, can combine with haemoglobinreduce the
oxygen-carrying capacity of the blood, NO conceiures are generally
less than 1.22 mg/fiin the ambient air and are thus not considered
health hazards. However, NO is readily oxidisedNt©, which has
environmental significance.

>
NO+%2Q < NGO
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NQO, irritates the alveoli of the lungs. Short-term aaimtudies showed
reduced resistance to respiratory infection at expes of 6.6 mg/ifor

2 hours. Experimental exposures of volunte@rs9.4 mg/m NO,,
considerably above the 7.0 mg@/meak recorded in Los Angeles, for 10
minutes produced a substantial but transient iseréathe resistance of
the lung’s airways to air movement. Concentratimasn 47 to 141
mg/nt cause reversible pneumonia. At high concepinatiof 285
mg/nT and above, exposures to Nean be fatal to humans.

3.2.5 Ozone (Q

Ozone, the major photochemical oxidant, makps approximately
90percent of the atmospheric oxidant pool. Otherpartant
photochemical oxidants in air pollution monibg include nascent
oxygen(O), excitedmolecular oxygen (9, peroxyacetyl nitrate (PAN),
peroxypropinol nitrate (PPN), peroxybutyl ate (PBN), nitrogen
dioxide (NQ), hydrogen peroxide (#D,) and alkyl nitrates.

Ozone is produced in the upper atmosphere by sadgation, and small
concentrations of this gas diffuse downwards. oAlssmall
concentrations ar@roduced by lightning and forest fires. Ozone and
other photochemical oxidants can cause coughingrtreess of breath,
airway constriction, headache, chest tightness soréness, impaired
pulmonary function, altered red blood cells, pharys, laryngitis, and
eye, nose and throat irritation. Exposure of labwy animals to high
levels of ozone has resulted in damage to theimrabsomes. Because
of this, G, is considered to have effects similar to ioniziragliation.
Chromosome breakage in human cell cultures wasergbd at
exposures of 15673 uglrfor 5 to 10 minutes.

3.2.6 Carbon Monoxide (CO)

Colourless, tasteless and odourless CO gas is chiyninert under

normal conditions and has an estimated atmosphezan life of about

two and half months. Apresentambientlevels, it has little or no effects
on property, vegetation or materials.

Carbon monoxide sources are both natural and gdbemic. Oxidation
of methane gas from decaying vegetation resultegrmproduction of up
to three and half billion tonnes of CO per yearhtiman metabolism,
the exhalation of a resting person contains apprately 1ppm CO.
However, these productions are so meagre comparddet amounts
coming from fossil fuel in complete combustion bgt®nary or mobile
engines, solid-waste disposal and miscellaneous@igenic sources.
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Carbon monoxide is especially dangerous sincestritaodour, colour
or taste. Its toxic action is through the dispraeat of oxygen in the
haemoglobin to form carboxyhaemoglobin, thus depgithe tissues of
the body of their oxygen supply. Early symptomsegposure to CO
include tiredness, drowsiness, headaches, dizzipasss in the chest
and stomach. Excessive exposure can lead to lossomdgciousness,
coma and death.

3.2.7 Airborne Carcinogens

The substances which have been shown actually tenpally to cause
cancer are grouped according to International Agdonc Research on
Cancer (IARC) into four different categories: ks their ability to
cause cancer.

Group 1 — Proven human carcinogens Chemicals for which there is
sufficient evidence for epidemiological studies support a causal
association between exposure and cancer e.g. enBenzene has a
proven causal association with acute non-lyooghc leukaemia in
humans. The main toxic effects occur on the bongawa with toxic
exposures producing bone-marrow suppression angctieds in red
cells, white cells and blood platelets product{pancytopenia) which
may lead to bone-marrow failure (aplastic anaemia).

Group 2 - Probable human carcinogens Chemicals for which
evidence ranges from inadequate to almost sufficien

Group 2A: Limited evidence of carcinogenicity in humsa and
sufficient evidence for carcinogenicity in animalg. benzo (a) pyrene,
benzo (a) anthracene and other polycychimmatic hydrocarbons
(PAH,).

Group 2B: Inadequate evidence for carcinogenicity hmmans and
sufficient evidence for carcinogenicity in animalg. 2-nitrofluorene,
1,6 —dinitropyrene and 1-nitropyrene.

Group 3: Unclassified chemicals Chemicals which cannot be
classified in humans, usually because of inadegmatience.

3.2.8 Hydrocarbons

Hydrocarbons are divided into two major classealiphatic and
aromatic. The aliphatic hydrocarbons contain alkaneserads and
alkynes. The alkanes are fairly inert anenegally not active in
atmospheric photochemical reactions; thase highly reactive in
atmospheric photochemistry. The reactivity of abk®isuch as ethylene
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makes them much more important in the study ofpaitution than

alkanes, because in the presence of UV radiatiey tbact with N@ at

high concentrations to form secondary pollutantshsas peroxyacetyl
nitrate (PAN) and ozone. The alkynes, thouughly reactive, are
relatively rare. Hence, they are not of major conce air pollution

studies.

Aromatic hydrocarbons do not display the reactiwityaracteristic of
unsaturated aliphatic hydrocarbons. Neverthelégspolynuclear group
of aromatic hydrocarbons (i.e. polycyclic aromdtycrocarbons, PAHS)
is of concern in any study of air pollution becaasaumber of these
compounds have been shown to be carcinogénareases in lung
cancer in urban areas have been blamed on thetefié PAHs from
automative exhaust emissions. Benzo-[a]-pyrenebleas shown to be
the most carcinogenic hydrocarbon for test animdienz-[e]-
acephenanthrylene and benzo-[j]-flurorantheneotfalland benzo-[3]-
pyrene, benz-[a]-anthracene and chrysene are aklwearcinogenic.

Most natural hydrocarbons found in the air are flmological sources,
though small amounts come from geothermal aread, fedds, natural

gas from petroleum fields and natural fires. Theer@mplex, naturally
produced hydrocarbons found ihe atmosphere,such as volatile
terpenes and isoprene, are produced by plants trees. Industrial
sources, notably refineries, have become the naagtthiropogenic source
of hydrocarbons. Other minor sources mightlude incomplete

combustion from car engines, evaporative emisdiam petrol stations
and fuel tanks, emissions from solid waslisposal, forest fires,
agricultural burning and coalastefires.

SELF ASSESSMENT EXERCISE 1

1(a) Name two examples of (i) particulate pollusardnd (ii)
gaseous pollutants in the atmosphere.

(b) List three effects, on the humans, ot $@s if substantially
present in the inhaled air.

2. List five air pollutants that are provdruman or animal
carcinogens. Name their sources.

3. Why are alkenes more important in the studyirgb@lution than
alkanes?

3.2.9 Cigarette Smoking
Cigarette smoking is especially dangerous for thogk heart disease

because combustion of tobacco in this way, with limited oxem
available, introduces CO directly into the bloodatn. The products of
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cigarette combustion include nicotine, acetaldehyd®tone, benzene,
formaldehyde, Nnitrosonornicotine, N-nitrosopyrrolidine, benfaj-
pyrene. Among the very many products of combustimtrosamines,
benzo-[a]-pyrene and nicotine afteghly poisonous. Nicotine also
throws an additional strain on the heart $iymulating the basal
metabolic rate. Nitrosamines are known to causearan animals.

Apart from the effect on the heart, tobacemoking exacerbates
bronchial infection and causes 30 - 40percent lodedths from cancer.
The higher incidence of cancer in smokers arisem finhalation of
PAHs and nitrosamines. Smoking also increasesisheta workers in
industries which generate fine particles.

3.2.10 Asbestos Fibres

The group named asbestos is applied to a rangatafahlly occurring
fibrous magnesiumsilicate minerals with the approximate fotanu
MgsP(SbOs5)(OH),. Three common types are usedrocidolite (blue
asbestos) — most hazardoasnosite (brown asbestos) — second most
hazardouschrysolite (white asbestos) — least hazardous.

Inhalation of separate dry fibres in a confined space is the major
hazard from asbestos. Such dry fibres can come damaged thermal
insulation, accumulated fibres from the manufastuvear of asbestos,
mineral materials such as brake shoe pad dust, Bfepking, waste
disposal, and more insidiously, the exposure ofkexs families from
particles carried on clothing.

Asbestos fibres can cause lung and boweteramas well as non-
cancerous lung diseases. Approximately 50percettteoinhaled fibres
are cleared from the lungs and swallowed, which #xposes the throat
and digestive system to their hazardous effectate¥W\from asbestos-
cement pipes also poses a further source of diugestact exposure.
Respiratory diseases include asbestosis (a pnearhkai condition),
bronchial cancer and mesothelioma, which has adgtperiod of 20-30
years. There appeared to hesynergistic reaction between cigarette
smoke and asbestos in that the onset of diseasers pronounced in
heavy smokers than in non-smokers.

3.2.11 Toxic Metals

Toxic metals are those metals that are hdrnmfurelatively small
amounts e.g. As, Hg, Cd and Pb. Very oftengiven metal or its
compounds are found in association with other emvirental particles.
As a result, there are several routes by which suoetals get into the
atmosphere, for example, Pb can be added intoititaraugh exhaust

45



CHM314 ENVIRONMENTAL CHEMISTRY

emissions, re-suspension of particles, flaking ldf Bb painted houses,
fumesfrom solderingand plumbing processes, and so on.

Depending on their particle sizes and speciatioich smetals can be
inhaled along with the air and find their waysoiniital organs in the
human system. Many of the toxic metals negativelgdct the nervous
system. Anaemia, renal failure and neuropsychodbgimpairment are
also part of the health infarctions that can bebaited to toxic metals.

3.2.12 Radioactive Gases

The penetration of buildings by chemically inerd@a gas presents a
more serious risk to human health than the hazasdsed by occasional
failure of control of nuclear power stations. Thezay of***U produces
*Rn  which emanates from radioactive minerals in Iding
foundations. Because it has a half-life of only 8&/s, the risk is only
significant when the gas can rise quickly into ifmenediate sub-soil,
conditions which obtain above fissured granite. ddatlas seven times
the density of air and so basements and ground ftmms are the most
exposed.

The worst cancer risk from Rn arises from the ffmir solid decay
products of Rn:

222Rn 218PO 214Pb 214Bi 214PO 210Pb

These products are dangerous because they areatsgagith moisture
and dust, and become deposited in the lung, sosexgpthe epithelium
to a-particles from***Po and®**Po. Other nuclides of Rn exist but they
do not present the same risk as tiam **Rn e.g.?*°Rn formed by
decay of***Th has too short a half-life to allow survival akoground.
Increased incidence of lung cancer in uranium msinerwestern USA
and Czechoslovakia was attributed to their inh&fign.

SELF ASSESSMENT EXERCISE 2

1. What hazards are posed by the polycyclic arantmtilrocarbons
(PAHy)?

2. Which two of the gases that make up the oxidestimgen are of
primary concern in air pollution considerations avity?

3. Name the major photochemical oxidant found adbtmosphere.
What detrimental effects does this oxidant havehomans and
animals?
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4.0 CONCLUSION

Undoubtedly, the amount of each pollutant the atmosphere is
escalatingand the types are also increasing. This is becaoke
increasing anthropogenic activities some of which include the

introduction of new products and by-products. While the full health
effects of the already known pollutants areontinuously being

investigated, there is the greater challenge oknotving yet the effects
of “new” products that may have far reaching heattplications on the

universe as a whole. It is important to keep regearctivities vibrant

especially in the areas of risk assessmant$ risk reduction with
respect to environmental pollutants generally.

5.0 SUMMARY
In this unit, you have learnt that:

airborne chemical substances mostly and parteutatters, to
some extent, are responsible for atmospheric patiut

the sources of pollutants can be natural or apthgenic;

both amount of a pollutant and length of expostuetermine
the extent of health problems arising from suchupanht;

health effects arising from atmospheric pollutacdén be at the
levels of cells, organs, systems and may eventteddath.

6.0 TUTOR-MARKED ASSIGNMENT

1(a) Mention two situations that can lead to heagkd levels of CO
in the indoor air at home.

(b) Describe the mechanism of toxic action@® as an indoor
pollutant.

2. Name four principal sources of air pollution &hd major types
of pollutants produced by each source.

3. Discuss briefly the major health hazards assediaith SQ in a
dusty atmosphere.
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1.0 INTRODUCTION

Soil is an essential component of terrestrial gst@sns because the
growth of plantsand biogeochemical cycling of nutrients depend upon
it. Pollution, along with other types of degradatisuch as erosion and
the continuing spread of urbanisation, poses athcethe sustainability
of soil resources. Soil pollution can also be aandzo human health
when potentially toxic substances move throughfdoel chain or reach
groundwater which serves as drinking water.
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In comparison with air and water, the soil is meagiable and complex
in compositionand it functions as a sink for pollutants, a filtehih
retards the passage of chemicals to the groundwatkia bioreactor in
which many organic pollutants can be decomposeda Agsult of its
occurrence at the interface between the land amaitimosphere, soil is
the recipient of a diverse range of polluting cheats transported in air.
Further inputs of pollutants to the soil occur asesult of agricultural
and waste disposal practices, but in generalnibst severe pollution
usually results from industrial and urban land use.

2.0 OBJECTIVES

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

name specific soil pollutants and their sources

explain the transport mechanisms conveying pentiist to soil
explain the mechanisms of pollutant sorptiorh@ $oil and
state the consequences of soil pollution.

3.0 MAIN CONTENT

3.1 Soil Pollution and Contamination: A Global View

Certain contaminants/pollutants such as heavy sete¢ part of the
earth naturally. Their natural background levelssoils are altered to
various levels of pollution usually as a resulaathropogenic activities.

It is generally accepted that most of the soildohinologically advanced
regions of the world is polluted or contaminatetdeast, to some extent.
Realistic estimate of areas affected by soil pmtuts difficult owing to
unreliable official figures and paucity of data forany parts of the
world. Industrially contaminated land tends to emt higher
concentrations and a greater possible rarfg@obutants than other
sources of pollution. There arebetween 50,000and 100,000
contaminated sites in the United Kingdom (UK) whaddtupy up to 100
000 ha. In the United States of America (USA), BB,@ontaminated
sites have been identified, 6000 sites agédo cleaned-up in the
Netherlands, there are known to be at least 3,t&5 m Denmark and
40,000 suspect areas have been identified on 50000 sites in the
former western part of Germany.
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3.2 Soil Pollutants and Their Sources
3.2.1 Heavy Metals

Heavy metals have a density>o8gcm™ and occur naturally in rocks.
They belong to the group of elements geochemialcribed as “trace
elements” because they collectively comprise leéss tlpercent of the
rocks in the earth’s crust. All trace metals aneddo living organisms
at excessive concentrations, but some are essémtimlormal healthy
growth and reproduction by plants and/or animatscertain critical
concentrations e.g. Co (for bacteria and atgjn Cr (animals), Cu
(plants and animals), Mn (plants and animals), Md &l (plants), Se
(animals) and Zn (plants and animals). Elements Mg, As, Ba, Cd,
Hg, Pb, Sb and Tl have no known essential functoon,cause toxicity
above a certain tolerance level. The most importeavy metals with
regard to potentidhazardsand occurrence in contaminated soils are As,
Cd, Cr, Hg, Pb and Zn.

Sources of heavy metals that contaminate or padlgiven soil site are:
Metalliferous mining e.g. As, Cd, Cu, Ni, Pb and Zn

Metal smelting e.g. As, Cd, Pb and TI

Metallurgical industries

Other metal-using industries e.g. the electronics industry (using Cd,
Ni, Pb, Hg, Se and Sb); pigments and paints (PbASr Sb, Se, Mo,
Cd, Co, Ba and Zn); the plastics industry (polyra&bilizers e.g. Cd,
Zn, Sn and Pb) and chemical industry (using catslgsad electrodes
e.g. Hg, Pt, Ru, Mo, Ni, Sm, Sb, Pd and Os);

Waste disposal

Corrosion of metalsin use

Agriculture — As, Cu and Zn (from pig and poultry feeds), Cdl &h
impurities (in some phosphatic fertilizers), As, Cu, Pb and Zn (from
metal-based pesticides);

Forestry-wood preservativescontaining As, Cr and Cu;
Fossil fuel combustion- Cd, Zn, As, Sb, Se, Ba, Cu, Mn and V (from

coals and oils) and Se, Te, Pb, Mo, Mn and Li éadtb fuels and
lubricants to improve their properties);
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Sports and leisure activities— game and clay pigeon shooting
involving the use of pellets containing Pb, Sb, &tal Bi.

3.2.2 Hydrocarbon Pollutants

Hydrocarbon pollutants from petroleum mainly corspria range of
saturated alkanes from GHo CjHis.. Aromatic hydrocarbons and
organic components containing nitrogen andphswr can also be
important constituents of some petroledeposits. The hydrocarbons
derived from coal and petroleum tend to form thennggoup of organic
macropollutants in soils. Organic solvents che important soil
pollutantsatindustrial sites.

Sources of hydrocarbon pollutants include fuelagerand distribution,
disposal of used lubricating oils, leakage of sotgdrom industrial sites
and coal stores.

3.2.3 Toxic Organic Micropollutants (TOMPS)

The most common toxic organic micropollutants irthe soil
environments include: polycyclic aromatic hydrocarbons (PAHS),
polyheterocyclic hydrocarbons (PHHSs), polychlorinated biphenyls
(PCBs), polychlorinated dibenzodioxins (PCDDs), ygptlorinated
dibenzofurans (PCDFs) and pesticide residues agid itiretabolites e.g.
organochlorines (DDT, BHC, Endrin), organophwes (Malathion,
Parathion) and Carbamates (Aldicarb). The nwmstious problems
associated with TOMPs are the subsequent contaomnatt surface and
groundwaters and entry into the food chain throcrgips, especially.

3.2.4 Other Industrial Chemicals

It has been estimated that between 60,000 0,000 different
chemicals are in current commercial use, worldwilghough not all of
these constitute potential toxicity hazards, manmy eause pollution of
soils as a result of leakage during storage, frgmin the environment
or from their disposal either directly, or of weastcontainingthem.
Apart from industrial uses, a large number of chemiaais used in
domesticproductsand so their use and disposal is less controlled than
that of industrial chemicals which are subjectedttct regulations. The

total world production of hazardous and specialtesmsvas 338 x 10
tonnes in 1990.

3.2.5 Nutrient-Rich Wastes

The major nutrient-rich wastes are sewage gelsdand livestock
manures. Sewage sludge, though a valuable soungarfnutrients (N
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and P especially) and of organic matter which haseficial effects on
soil aggregate stability, contains potentially hfainsubstances such as
heavy metals (Cd, Cu, Ni, Pb and Zn) and toxic miganicropollutants
(polychlorinated biphenyls, PCBs; polychlorirgatéerphynyls, PCTSs;
polychlorinated naphthalenes, PCNs polychlorinated benzenes;
polychlorinated dibenzodioxins, PCDDs; halogenatadiphatics;
polycyclic aromatic hydrocarbons, PAHs; aromatic amines;
nitrosamines; phthalate esters and pesticides)h, Aigestock manures
contain large amount of N, P and K, but the manunay also contain
residues of feed additives which may include Cu and Zn and
antibiotics such as sulfonamides fed to pigs andtpo

3.2.6 Radionuclides

Nuclear accidents like those at Windscale (UK) 74 and Chernobyl
(Ukraine) in 1986 resulted in many different radioactive sabses
being dispersed into the environment. The gredtes-term pollution
problem with radionuclides in soils is caused'H€s which has a half-
life of 30 years and behaves in a manner simibaKtin soils and
ecosystems. Atmospheric testing of nuclear weapgbsgersed large
amounts of°Sr which has a half-life of 29 years and behaves|ariyi
to Ca in biological systems and poses a partiqutdashgerous hazard to
humans because it is stored in the skeleton.

3.2.7 Pathogenic Organisms

Soils can be contaminated with pathogenic organisnch as bacteria,
viruses and parasitic worm eggs from various saurte burial of dead
animals and humans, manures asdwage and germ warfare
experiments. The soil'eswn microbid biomass will destroy many of
these pathogens but some appear to survive fdiviedialong times.

3.3 Transport Mechanisms Conveying Pollutants to Sis

Pollutants reach soils by four main pathways: aphesic deposition of
particulates; sorption of gases; flUV ial trangpand deposition; and
placement.

Atmospheric deposition: Light particulates can become airborne and
get transported from one location to the other. &@ample, there have
been caseswhere pollution is directly traceable in soil up to
40kilometres downwind of smelters. The criticalttas determining the
distance transported and the area of land affeatedthe height of the
emission above the ground, the wind speed, stalofithe atmosphere
and the size, shape and density of the partiahes aanounts of the
pollutants emitted.
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Sorption of gases:Volatile organic solvents become dispersed in the
atmosphere and later get sorbed from theosihrere onto soils or
plants.

FIUV ial transport and deposition: This mechanism is only important
in land subjectedto flooding. This was an important pollution pathway
in areas of metalliferous mining in the nineteeoémtury when Pb-Zn
mines in the UK discharged waters from ore dresepgrations directly
into streams and rivers. This led to the allUV salls in most flood
plains of rivers draining mining areas being selyecentaminated with
Pb, Zn and other metals. Soils on the flood plaihsany major rivers
in the world which drain industrial and unibeed areas have been
significantly contaminated with a diverse rargdesubstancefrom flood
waters.

Placement: This can occur in many ways: dumping injection face
spreading, etc; the most obvious being the sprgaofirwastes such as
sewage sludge or metal-rich manures from pigs aitpyo Phosphatic
fertilizers can contain significant concentratiarfsCd and U and have
been partially responsible for the significantlgw&ted concentrations of
these elements in many parts of the world.

3.4 The Consequences of Soil Pollution

Soil pollution can restrict the uses to which laadout because of the
ability of pollutants to be hazardous to human tmediarmful to living
resources or to damage buildings and services.

3.4.1 Types of Hazards Associated with ContaminadeSoil

Directingestion of contaminated soil: As, Cd, Pb, CITr, Hg,
coal tars (PAHs), PCBs, dioxins, phenols, pathmgéacteria,
viruses, eggs of parasites.

Inhalation of dusts and volatiles from contamgohsoil: organic
solventsradon,Hg, asbestos.

Plant uptake from soil: As, Cd*'Cs, Hg, Pb,*°Sr, Tl, PAHs,
variouspesticidesPhytotoxicity:SOZ ', Cu, Ni, Zn, CH, Cr, B.
Toxicity to soil microbial biomass: Cd, Cu, NinZ

Deterioration  of  building  materials and  services:
sQ, sSQ, cCl, tar, phenols, mineral oils, organic solvents.

Fires and explosions: GHS, coal and coke dust, petroleum oill,
tar, rubber, plastics, high calorific value wastes.

Contact with contaminantsduring demolition and site
development: tars, phenols, asbestoadionuclides, PCBs,
TCDDs, bacteria, viruses.

Water contaminationCN, SO; , metal salts, hydrocarbons,
solvents, surfactants, sewage, farm wastes, pdssici
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3.4.2 Soil-Plant Transfer of Pollutants

The transfer of pollutants from soil into plantsaihgh the roots varies
considerably depending on the propertiestt@d plants (genotypic
factors) and the extent to which the pollutionlis@bed in the soil in an
unavailable form. The general orders of miagi®@ of the transfer
coefficients for several heavy metals are 0.011-f6r As, Co, Cr, Hg,
Pb and Sn; 0.1 - 1.0 for Cu and Ni; and 1.0 - @0Gd, Tl and Zn
(which are the most readily accumulated by plar@janic pollutants
tend to have lower coefficients; a value of 0.033 been suggested for
dioxins and PCBs. The lower chlorinated congenéiBEBs tend to be
more bioavailable and biodegradable than those migher numbers of
Cl atoms in their structure.

3.4.3 Ecotoxicological Implications of Soil Pollubn

Zinc concentrations close to the maximum perimisslevel of 300
mg/g for European soils treated with sewage sludge,cause a mark in
the activity of the nitrogen-fixing bacteria tiie specieRhizobium
leguminosunby trifolii which occur in nodules in the roots efhite
clover. Although it appears that the order of tayiof heavy metals to
these bacteria is Cu > Cd > Ni > Zn, the greats&tis posed by Zn.
This is becausenany soils which have received several applications of
sewage sludgemay be approaching the maximum permissible
concentration of300 ug/g for Zn, but remains well below the maxima
for these other metals.

SELF ASSESSMENT EXERCISE 1

1. List five important sources of soil heavy magallution and give
two examples of metals from each source.
2. Give two reasons why’’Cs and®Sr are considered serious

pollution problems irsoils.
3.5 Cases of Exposure to Pollution

3.5.1 The Seveso Chemical Plant Explosion

On 10" July, 1967, a massive release of 2, 3, 7,— tetvastiibenzo—p—
dioxin occurred from a chemical plant in Sevesoridigan in Northern
Italy. The chemical plant was being used for maoufring 2, 4, 5-
trichlorophenol (2, 4, 5 — TCP). A safetydisn a reaction vessel
ruptured and a plume of chemicals containing & 4TCP below 30 to
50 m above the factory. As it cooled, the mateanait was deposited
over a cone shaped area downwind from the factoopa? kilometres
long and 700 metres wide.
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Dioxin is both extremely toxic and stable, andu#tisient dose levels, it
is known to affect foetal development and h@ve porphyrinogenic
effects (often manifesting as digestive system siad disorders). It is
not used commercially, but found as a contaminamem2, 4, 5 - TCP
Is synthesized by the hydrolysis of tetrachloroleeez at high
temperatures, and it is used to make 2, 4, 5 -dl2ad - D (herbicides);
dioxin is often present in trace amounts in thes@pounds. Dioxin is
also produced as a by-product of waste incineradiuth it continues to
be of major concern as a general environmentalifzoit.

A few months after the accident, 176 individualgstty children, were
found to have the skin condition chloracne, 50 bbwm came from the
most contaminated area. Some neurological ratddies including
polyneuropathy were also noted. There wa® &sidence of liver
enlargement initially, and later, reported casesmofeased hepatobiliary
(liver) cancer, elevated levels of leukaemias atiier haematologic
neoplasms iimenandincreased myeloma and myeloid leukaemia (cone
marrow cancers) in women. Finally, many farm angvdied and the
site became a wasteland of dying plants and deskdaemes.

3.5.2 The Bhopal Catastrophic Release of Methyldsyanate

The accident at Bhopal, India occurred dfh Becember, 1984 at the
Union Carbide factory which had been prodgcithe insecticide
carbaryl for about eighteen years. Methyl isocyaniIC) was one of
the main ingredients of carbaryl. MIC was producdtbm
monomethylamine (MMA) and phosgene, phosgene bginduced by
reacting chlorine and carbon monoxide; cHlmmm served as the
solvent. On the night of the accident, some watebably inadvertently
got into a tank where Al tonnes of MIC were beingrad, causing a
runaway chemical reaction. The heat caused byrdhetion led to a
devastating explosion. About 100,000 people livimghe vicinity were
affected with at least 2,000 deaths reported.

3.5.3 Toxic Oil Syndrome in Spain

Between May and August 1981, in Madrid (Spaithere was an
endemic of cooking oil poisoning that affected atb@0000 persons
with nearly 40Qdeaths. The illness began in each patient with a fever
followed by severe (acute) respiratory symptoms andhriety of skin
rashes similar to measles. Many of the p&tiedeveloped signs of
cerebral oedema (swelling of the brain) and caodjickl abnormalities.

The cause of the disease was traced to adultecaiaking oil which
was fraudulently sold to the public as pure olile ©n analysis, the oil
was discovered to contain up to 90percent rapesiedirying amounts
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of soya oil, castor-oil, olive oil and animal fafBhe oil also contained
between one and 50 ppm aniline, 1500 and 2000 gpanedanilide and
a number of other anilides. These compoundght have been
responsible for the symptoms produced by the toiic

3.5.4 River Oil Contamination by the Toxic Oil

In 1968, in Japan and Taiwan, a number farhilies developed
chloracne, the skin condition which affectdw® victims of Seveso.
Chloracne is more severe than the typeaofe that occurs in
adolescents and it has a rather differestridution on the body.
Epidemiological studies revealed that those afte¢tad been exposed
to a particular batch of rice oil that was contaaad with PCBs.

At the end, the individuals examined were considédme have met the
diagnostic criteria for what has come to be knowryYashodisease. In
addition to chloracne, the patients ¥ushodisease had a number of
systemic complaints including loss of appetite sitlasle, nausea and
vomiting, weakness and loss of sensation, and pigraentation of the
face and nails, in some cases. A number of nonHfgpsymptoms that
persisted in the patients include feeling of fatéigheadache, abdominal
pain, cough with sputum, numbness and pain, chaimgesnstruation
in females, sensory neuropathy, retarded growtbhitdren, abnormal
teeth development and anaemia in some patidits. most striking
observation was a marked increase in serum trighedevels. To what
extent the norspecific symptoms are seen in the patients wittusho
disease were entirely due to PCBdlifficult to say since it is known
that they were also exposed to polychlorinated rdib&urans (PCDFs)
and polychlorinated quarterphenyls (PCQs) — comgsunrmed when
PCBs are heated. In animal models, PCDFs and P@Qmare toxic
than PCBs.

3.5.5 Polybrominated Biphenyls (PBBs) in Cattle Fexl

Polybrominated biphenyl is used mainly in plastsesa fire retardant. At
Michigan in May and June of 1973, some t&020 bags of PBB
(labelled “Firemaster”) were sent in error, insted magnesium oxide
(a livestock food additive, “Nutrimaster”), to aagn elevator. Thus PBB
became incorporated into the feed and distribtteslighout the state to
be fed to the unsuspecting cows.

Soon, reports of sick cows began to surface. Daioducts and meat
from the affected cows were contaminated. OverOlf2mers were
adversely affected. Some of the adverse effectaded acne, dry skin,
hyperpigmentation and discolouration of thails, headacheshausea,
depression and a number of non-specific symptorasurs levels of
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hepatic enzymes were higher in the Michigarmers than their
neighbouring controls.

3.5.6 Mercury Poisoning in Minamata and Niigata

The Minamata Bay diseasKibyo or “mystery illness”) was first noted
at the end of 1953 when an unusual neurologicardé began to affect
the villagers who lived on Minamata Bay, a@ap Those who were
affected presented with a mixture of signs relatmghe peripheral and
central nervous systems. The prognosis of the tondivas poor, many
patients became disabled and bedridden and abpatckht died.

The disorder was associated with the consumptiofisbfand shellfish
caught from the bay. The fish and shellfish weoataminated with
methyl mercury. The source of the mercury wasuefit released into
the bay from a factory which was manufacturing Vieploride using
mercury based catalyst prior to the time when theeee regulations
forbidding its use in Japan.

The Minamata Bay disease involved about 700 peaptk there was
another outbreak of methyl mercury poisoning ipaka(Niigata) in
1965 affecting about 500 individuals. This resuliexn pollution of the
Agano River by industrial effluent containingethyl mercury and
subsequent consumption of contaminated fish byoited population.

3.5.7 Methyl Mercury Poisoning in Iraq

Iragi government imported a large consignment @dsgrain treated
with an alkyl mercury fungicide and distributedeth to the largely
illiterate rural population for sowing. Theacks were marked with
warning labels “for sowing and not for eating” imdtish and Spanish.
The seed had been treated with a red dye to dissihgt from edible
grain, but the farmers found that they could remitheedye by washing
and equated this with the removal of the poison.

The grain was first used to make bread in Novemb@r,l and the first
cases of poisoning appeared in December. By theoémdarch 1972,
there had been over 6,5ad@missiongo hospital and 459 of these had
died. On the whole, this episode became a majdireak in which the
incidence of disease was estimated to be as hig8 psr 10,000.

3.5.8 Love Canal Chemical Odours

Love Canal was a waste disposal site containindp lotinicipal and
chemical waste disposal of over a 30 year perdoul953. Homes
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were then built on the site during the 1960s amaHates began to be
detected in the late 1960s.

The reporting of chemical odours in the basemeht®mes in the Love
Canal district, USA, led to a toxicological invegttion which made this
area famous in the history of waste disposal asalted in vigorous
regulatory activity in the USA. Dibenzofurans andxihs were among
the chemicals detected in the organic phase ofigaehates. Animal
studies indicated possible risks of immunatoxcarcinogenic and
teratogenic effects. The episode resulted in dicant fears of ill-health
and much psychological stress. Limited follow-upre$idents identified
low birth weights in the offspring of Love Canakigents.

4.0 CONCLUSION

Soil pollution represents, on the average, theugoth phenomenon that
could directly threaten all forms of organisms wisetthey are aerobic
or anaerobic. Depending on the nature of the molls, it may take
several years to overcome the effects of a gigetlutant in a soil
environment. When it happens, plants, animals, Imsimi@auna and flora
may suffer varying degrees of stress and in sorsesgde faced with
possible extinction. Thus, it is better towntrol and prevent the
occurrence of soil pollution thatm embark on remediation steps after
pollution has taken place; it is more costly.

50 SUMMARY
In this unit, you have learnt that:

Compared with air and water, soil constitutesoaenvariable and
complex sink for pollutants.

Developed countries have been able to map spécific
contaminated/polluted sites within their geographimorders, but
developing countries have paucity of data with eesgo soll
pollution.

Soil pollutants include heavy metals, hydrocadydaxic organic
micropollutants, industrial chemicals, nutrierdhri  wastes,
radionuclideand pathogenic organisms.

Soil pollution can result directly or indatly in the health
infarction of plants,animals and humans.

There have been cases of massive catastra@gtposure to
chemicals as a result of accidental or incidect&mical plant
explosions or test-running of radiochemical substan
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6.0 TUTOR-MARKED ASSIGNMENT

Discuss briefly each of the following soil pollutarfa) lead, (b) Sr-
90 and (c) organochlorines, under the sub-topmstcg, mechanism of
transportation to soil and health effects.
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1.0 INTRODUCTION

In modern societies, proper management of wastevieta necessity,
not an option. The practice of collecting and treatvastewater prior to
disposal is relatively a recent undertaking. Itde¢p gain the attention
of the stakeholders only when becameapparentthat the “available
water” is inadequate to support the available peapid their needs.
Earlier, city dwellers (of London, Paris and Bosttor example) used to
place “night soil” in buckets along the streets aratkers would empty
the waste into “honey wagon” tanks. The waste wassported to rural
areas for disposal over agricultural land.

The invention of the flush toilet in the 19th Cantulrastically changed

waste-disposal practices. Existing systems forsparting urban wastes
for disposal on agricultural lands were not adeguathandle the large
volume of liquid generated by the flush d¢tdl Faced with this
transportation problem, cities began to use natina@hage systems and
storm sewers for wastewater carriage. Sintems drain systems
naturally ended at watercourses, the implicatioth@ practice was that
waterborne wastes were discharged directlystit@ams, lakes and
estuaries without treatment such that the selffigation capacity of the

receiving streams was exceeded and nuisaonoelitons became
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intolerable. Gross pollution often resulted and lthe@roblems were
transferred from the sewered community to downstraaers of water.

The first “modern” sewerage system for wastewaderi@ge was built in
Hamburg, Germany in 1842 by Lindley. Lindkeysystem included
many of the principles that are still in use todagivanced wastewater-
treatment processes have been developed and |labeisty perfected to
produce potable water from domestic wastewater.

2.0 OBJECTIVES

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

state the characteristics of wastewater

list and explain terminologies relevant to wastgw treatment
processes

explain the stages involved in conventional waater treatment
state and explain the challenges often encouhierkot climates
conventional wastewater treatment.

3.0 MAIN CONTENT
3.1 Wastewater Characteristics

Wastewaterare  usually classified asndustrial wastewater or
municipal wastewater. Industrial wastewater witbharacteristics
compatible with municipal wastewater is oftelischarged to the
municipal sewers. Many industrial wastewaters iregpretreatment to
remove non-compatible substances prior to dischiatgethe municipal
system.

Municipal wastewater, having been put to aewivariety of uses,
contains a wide variety of contaminants: suspended solids,
biodegradable organics, pathogens, nutrients,atefya organics, heavy
metals and dissolved inorganic solids. Suspendédssare primarily
organic in nature and are composed of some of e mbjectionable
materials in sewage. Body wastes, food waspegper, rags and
biological cells form the bulk of suspendedlids in wastewater.
Suspended solids cause sludge deposits anerodna conditions in
aquatic environments. Their removal is essentiadrgo discharge or
reuse of wastewater.

Although suspended organic solidare biodegradable through
hydrolysis, biodegradable materials in wastewater arausually
considered to be soluble organics such as protgi@s— 60percent),
carbohydrates (25 — 50percent) and lipids (~ 1&pdj. All of these
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materials contain carbon that can be condett® carbon dioxide
biologically thus, exerting an oxygen demamioteins also contain
nitrogen; thus a nitrogenous oxygen demasidalso exerted. The
biological oxygen demand (BOD) is used to quantiiodegradable
organics.

All forms of waterborne pathogens — bacteria, \@8jsprotozoa and
helminths may be found in domestic wastewater. & mganisms are
discharged by persons who are infected Wi disease and they
transmit communicable diseases. Although pathogensing some of
the more exotic diseases may rarely be preserd,atsafe assumption
that a sufficient number of pathogens aresent in all untreated
wastewater toepresent substantial health hazard. Fortunately, few of
the pathogens survive wastewater treatment inldev/state.

Traditional wastewater-treatment processes agsigded to reduce
suspended solids, biodegradable organics and getkoto acceptable
levels before disposal. Additional treatment isuieed to reduce levels
of nutrients if the wastewater is to be dischariped delicate ecosystem.
Processes to remove refractory organics and heatglsnand to reduce
the levels of dissolved inorganic solids are resggliwhere wastewater
reuse is anticipated.

3.2 Terminologies in Wastewater Treatment

Unit Operations/Unit Processes:These are methods used for treating
municipal wastewaters. Unit operations involve taomnant removal
by physical forces while unit processes iwgo biological and/or
chemical reactions. Although unit operations anocpsses are natural
phenomena, they may be initiated, enhanced orrated by altering
the environment in the reactor.

Reactor: This is the vessel or containment structure, aleity all of its
appurtenances, in which the unit operation or getakes place.

Wastewater-treatment System:This is composed of a combination of
unit operations and unit processes designed to reduce certain
constituents of wastewater to an acceptable level.

Primary Treatment: The purpose is to remove solid materials (large
debris, inorganic solids and organic sudpdn solids) from the
incoming wastewater.

Secondary Treatment: Usually, this consists of biological conversion

of dissolved and colloidal organics into biomasat tban subsequently
be removed by sedimentation.
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Tertiary Treatment: This often involves further removal of suspended
solids and/or the removal of nutrients frasecondary treatment
wastewater.

3.3 Conventional Wastewater Treatment

Conventional treatment is the term used to des¢hbestandard method
of sewage treatment. It comprises foumges of treatment: (i)
preliminary treatment, (ii) primary or physical atenent (sedimentation)
(i) secondary or biological treatment (bi@fration or activated
sludge), and (iv) sludge treatment (anaerobic dige®f the sludges).

3.3.1 Preliminary Wastewater Treatment

This is the first stage of sewage treatment. li-dedth the removal of
large suspended or floating objects (rags, maizes,cpieces of wood)
and heavy mineral particles (sand and grit). Thiagcessary to prevent
the equipment used in the subsequent stages damiea from being
damaged. Preliminary treatment comprises screegiigremoval and
comminution (a common alternative to screening).

Screening:Coarse solids are removed by a series of closelgesbmild
steel bars placed across the flow commonly indliae 66. There are
hand-raked screens and mechanically rakederssreScreenings are
particularly obnoxious both in appearance and cuni@nd should be
buried or incinerated or macerated dependinghen wolume of the
screenings.

Grit removal: Grit (detritus) is the heavy inorganic fraction sgwage

solids such asoad grit, sand, eggshells, ashes, charcoal, gtasb

pieces of metal. It may also contain some heavamogmatter such as
seeds, coffee grounds, yam and plantain peels ar@mhsand so forth.
The grit is either used for land fill or disposddg burial.

Comminution: A comminutor is a self-cleansing shredding machine
which cuts up sewage solids as they pass or atedptiirough a fine
screen which forms the outer periphery of the nmechComminutors
avoid the problems associated with handling andadial of screenings,
and for this reason, they are popular with plamrafors.

Sedimentation: Sedimentation is the primary or physical stagf
wastewater treatment involving the gravitational separation of
suspension into its component solid and liquid peaghe aim is to
produce high degrees of both clarification andkéning. Clarification
is the removal of solids frorthe liquid phase and thickening the
removal of liquid from the solid or sludge phase.high degree of
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clarification is required to reduce the load on sleeondary (biological)
treatment plant and a high degree of thickeninglasirable so that
sludge handling and treatment (which usually actofor 30percent of
the total cost of conventional treatment) is mirsieal.

Biofilteration: Biofilteration (secondary or biological treatmens) a
stage in which the liquid effluent (settlestwage) from primary
sedimentation tanks is treated in one of two dgwal reactors — a
biofilter or an activated sludge process. The hmf(alsoknown as the
percolating, trickling or biological filter or baata bed) is a circular or
rectangular bed of coarse aggregate of about 1e&p.dSettled sewage
is distributed over the bed and trickles down otrexr surface of the
aggregate. On these surfaces, a microbial film ldpgeand the bacteria,
which constitute most of this film, oxidise the s®e as it flows past.
As the sewage is oxidised, the microbial film grows

Some of the new cells so formed are washed awawy fhe film by the
hydraulic action of the sewage. These cells exdrigh BOD and must
be removed before the effluent is finally dischakg€his is achieved in
secondary sedimentation tanks (humus tankskor&lary tanks are
basically similar to primary tanks, but without segkimming facilities.
The clarified effluent is discharged usually taiger and the humus
sludge pumped to the sludge pretreatment unit.

Activated Sludge. Activated sludge is the conventional alternative to
biofilteration. Settled sewage is led to an aeratank where oxygen is
supplied either by mechanical agitation or by uliffid aeration. The
bacteria which grow on the settled sewage are vethan a high-rate
secondary sedimentation tank. The sludge contanse snert solids,
but the main components making up its loose, fldustructure are
living or active bacteria and protozoa, hence the name vé&etl
sludge”.

Sludge Treatment: Primary and secondary sludges are most commonly
treated togethem a two-stage anaerobic digester. The first stage is
heated, if necessary, to 30 —°G3so that digester can proceed more
quickly; the methane gas released in the digegirooess is commonly
used to heat the digester contents. An alternajpezating temperature

is 50C which permits rapid digestion of the sludge hgrmophilic
bacteria. The second stage is a thickener for qergssolids separation.
The supernatant liquor has a BODf 5000 — 10000 mg/L and is
returned to the main works inlet for complete tneant. The digested
sludge, in hot climates, is most advantageouslgguleon drying beds.
When dry, itmay be sold as fertilizer because the nutrient valuehef t
sludge is beneficial to vegetati@amdits granular nature may serve as a
soil conditioner.
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Tertiary wastewater treatment involves the remosgélnutrients and
additional components so as to restore wastewatpotable quality. It
involves nitrogen, phosphorus and solids removal.

SELF ASSESSMENT EXERCISE

1. Name and characterize the three most significantponents of
municipal wastewater.

2. Differentiate between unit operations and urocpsses

3. Describe the components of (a) primary treatm@ntsecondary
treatment and (c) tertiary treatment.

4. What are the major types and sourcesgrdf in municipal
wastewaters? Describe the treatment methods tosedmove
grit.

3.4 Hot Climate Challenges

Operation and Maintenance Conventional sewage treatment relies
heavily on complex electrical machinery which regs considerable
skills in installation, operation and maintenan€his skill, particularly

in maintenance, is not readily available nmany of the tropical
developing countries including Nigeria. Thughenever any of the
installation is not working satisfactorily or hasped working, the
usual experience is to abandon the entire plant.

Odour: In hot climates, sewage can soon become septio@oadus) if
sufficient oxygen is not made available to prewéstonset of anaerobic
conditions. A higher level of odour can thus beestpd in hot climates
to come from primary sedimentation tanks which dne,their nature,
designed for quiescent settling and not turbuleggenation.

Insect Nuisance:The microbial film in biofilters is used as a braweg
ground by various flies and midges. In a senss, ithbeneficial in that
the larvae feed on the film and thus help to preyamding. However,
although none of the species found in filtacsually bites humans,
their sheer numbers can be a sevarsancein hot climates. For
example, clouds of Psychodaflies can effectively stop all human
activities in and near a sewage treatment works.

3.5 Wastewater Reuse

Reuse of completely treated wastewater (referrexbtoeclamation) may
be dictated by several circumstances; thesnpiete treatment of
wastewater can seldom be justified except in watarce areas where
some form of reuse is mandatory. In sucacesd, wastewater may
constitute a major portion of the availableotgse. Where delicate
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ecosystems necessitate stringent effluent reopgnts, reuse of the
wastewater may help to offset the cost asfvanced wastewater
treatment, or a reuse that will accept a loweellexf treatment may
obviate the need for the expense of tertiary treatmrior to discharge.

Some of the purposes for which wastewater has beeed include (i)
recreationalfacilities (e.g. swimming and skiing), (ii) industrial water
supply (e.g. forcooling processes)(iii) groundwater recharge (e.g. to
stabilize groundwater table), (iv) potable watesteyns (e.g. in pipe-to-
pipe recycling or closed loop).

4.0 CONCLUSION

Wastewater treatment reduces direct or indirectamtrof humans with
dangerous or harmful biochemical substances. this necessary to
preserve the hydrological component of our ecesysin a way that
accommodates the collective well being of humarktha biota.

In the face of “water everywhere, but none to driakperience of the
world as a whole, wastewater treatment guarantegsravailability for
the numerous needs of mamerewater scarcity prevails. For example,
in arid areas, wastewater treatment affordsieans of getting water
faster than waiting for the natural hydrologicatlyg processes.

5.0 SUMMARY
In this unit, you have learnt that:

Wastewater treatment prevents gross pollution adir
environment.

Wastewater treatment ensures greater availalmfitwater for
different purposes in water-scarce areas especially
Conventional wastewater treatment comprisespreliminary
treatment, sedimentation, biofilteration and sluttgatment.
Tertiary (advanced) wastewater treatment rssuts use for
important purposes such as portability

6.0 TUTOR-MARKED ASSIGNMENT

1. List and discuss the uses to which wastemw subjected to
tertiary treatment may be put.

2(a) Describe the common methods used in remosoligls from
wastewater.

(b) List and discuss the major operationsoimed in tertiary
wastewater treatment.
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1.0 INTRODUCTION

Effective handling of solid wastes in a finite wibi({like ours) which is

constantly being exposed to threats from pollugdiects can only be
guaranteed by an adequate understanding of whdtwgattes are, their
types, sources, composition and the uses to wihel may be put.

Perhaps the most difficult task facing an environtak scientist is to

predict the composition of solid wastes that wél dollected now and in
the future. The problem is complicated becaus¢hefheterogeneous
nature of waste materials and the fact that unptallie externalities can
affect the long-term abundance of the individuast®aomponents.

2.0 OBJECTIVES
At the end of this unit, you should be able to:
identify the various types of solid wastes argrthources

state and discuss the physical and chentoahposition of
wastes

list and discuss types of waste management peactivailable.
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3.0 MAIN CONTENT
3.1 Solid Wastes

Solid wastes are all the wastes arising from huarahanimal activities
that areusually solid and discarded as useless or unwanted. The term
“solid wastes” encompasses the heterogeneous afagwow-aways
from residences and commercial activitias well as the more
homogeneous accumulations of a single industrialiac Generally,
solid wastes are scrap materials or other unwasueplus substance or
any such substance which to be disposed of as leolgn, worn out,
contaminated or otherwise spoiled.

3.2 Types and Sources of Solid Wastes

Solid wastes are often classified according to sharce from which
they are generated. Hence, we have municipal wastastrial wastes,
agricultural wastes and hazardous wastes.

Municipal Wastes are wastes that are related to land use and zoning.
The most difficult source to deal with is openamdecause, in these
locations the generation of wastes is in a diffpsecess. These are
mainly wastes from residential and commercial sesirsuch as food
wastes, rubbish, ashes, demolition and coctgtru wastes, special
waste, and occasionally, hazardous wastes.

Industrial Wastes are those wastes arising from industrial activiaaed
typically these include rubbish, ashes, detmooli and construction
wastes and special wastes.

Agricultural Wastes are wastes arising from the by-products of
agriculturalproduce.

Hazardous Wastes are wastes that pose a substantial danger
immediately or over a period of time to human, aadior plant life.

A waste is classified as hazardous if it exhibitg af the following
characteristics: (i) ignitability(ii) corrosivty, (iii) reactivity and (iv)
toxicity.

In the past, hazardous wastes were often grouptedtie following
categories: (i) radioactive substances, (ii) chaisic(iii) biological
wastes, (iv) flammable wastes and (v) explosives. The principal
sources of hazardous biological wastes arspited and biological
research facilities.
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3.3 Physical Composition of Solid Wastes

Individual components: Typical components of most municipal solid
wastes are food wastes, paper, cardboardtiqda textiles, rubber,

leather, garden trimmings, wood, miscellaneousroga glass, tin cans,
ferrous metals, non-ferrous metals, ash®gks, etc. These are the

readily identifiable ones consistent with componeategories of solid

wastes.

Particle size: The size of the component materials in solid waistesf
importancein the recovery of materials especially with mechahic
means such as trommel screens and magnetic smparéhe particle
size distribution of solid wastes is such that éhéd®m 0.05 — 0.25m
(mesh size) are often much more than those of-9@25m and above.

Moisture content: The moisture content of solid wastes is ligua
expressed as the mass of moisture per unit masetobr dry material.
That is,

Moisture content J—1@}(100

a
where a = initial mass of sample as delivered
and b = mass of sample after drying.

To obtain the dry mass, the solid—waste materidriesd in an oven at
77°C for 24 hours. This temperature and time is usedehydrate the
materialcompletelyand to limit the vaporisation of volatile matesial

3.4 Chemical Composition of Solid Wastes

Information on the chemical composition of solidsies is important in
evaluatingalternative processing and energy recovery options. If solid
wastes are to be used as fuel, the four most i@pobgroperties to be
known are:

a. Proximate analysis

- Moisture (loss at 106 for 1 hour)

- Volatile matter (additional loss on ignition &@®c)
- Ash (residue after burring)

- Fixed carbon (remainder)

b. Fusing point of ash
Ultimate analysis = percent of C, H, O, N, S asf.
Heating value (energy value)

Lo
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3.5 Changes in Solid Waste Composition

The composition of solid wastes in Nigerian urbantees is determined
by a number of factors: type of settlers (low imeoearners, medium
income earners or high income earners), part ofcitye period of the

year and technological advancement. For example, percentage of
leaves used for wrapping foodstuff has beeducing progressively
since mid 1980s while that of used polythdrags is increasing.
Likewise, the volume of papers and cans generateghart of solid

wastes in an elite settlement is likely goibogbe greater than that
generated in a village as a whole.

The replacement of leaves and papers for “packaddgogd products
with polythene bags or plastics has its attendant environmental
problems. While leaves and papers decay completityn two or three
months of contact with soil, polythene bags takeitely long period of
time to decay. Refuse dumps where such non-biodagta matters are
numerous accumulatento long-lasting enormous heaps in most
Nigerian cities. Apart from constituting eye sorésey block streets,
disrupt smooth flow of rivers and cause floods,doice serious stench
and constitute tremendous health hazards. Addwefree flowing or
sticky nature of solid wastes in a refubemp gives rise to their
accumulation on some habitable parts of the safbsa thus impairing
the productive capacity of soils. Groundwater aftero contaminated
(through seepage), by leachate arising from solédtes dumped on the
ground.

SELF ASSESSMENT EXERCISE

1. List and explain the characteristics of hazasdwastes.
2. What are the health problems of refuse dumpsanNigerian
environment?

3.6 Solid Wastes Management

Solid waste management means the collection, toateon, storage,
disposal, treatment, and recycling of waste indgadhe care of the
disposal site.

3.6.1 Collection, Transportation and Storage of Sm Wastes

In most houses and market stalls in Nigeria, matallastic dustbins are
used to collect and temporarily store solid wasteshe houses are
easily accessible to vehicles, door-to-door calbectvould be done by
simply emptying of the dustbins into the vehiclBsit in cases where
the accessibility is limited, tricycles with camseare used for the same
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purpose. Alternatively, household solid wastes degposited into solid
wastes depots located within the community in acelaccessible to
vehicles. From the depots, sanitary inspectorsspan the solid waste
in their vehicles to sites where the wastes aréhéur treated. Refuse
collection and transportation take up to 75peradrihe total expenses
for waste disposal in countries like Nigeria.

3.6.2 Waste Disposal and Treatment

Solid waste disposal refers to the final placenoerdischarge or deposit
of waste into a given environment in such a way itheauses little or no
harm to the environment. Migeria, wastedisposal methods have been
ineffective and unsatisfactory. Wastes are often dumped
indiscriminately along the streets and open spge&ssengers in transit
throw wastes at will on the roads and open guteescarelessly filled
up with wastes. Where a depot is used, sanitagyetctsrs often delay
waste collection untivhenthe depots have been over filled.

The mostly used disposal methods are open dygnmanitary land
filling, compositing, incineration and recycling.

3.6.2.1 Open dumping

Open dumping is commonly practiced in many citieshie third world.
The refuse is simply disposed of into the nearpshcspace on land or
surface water without any environmental consideratiThis method is
not environmentally sound or safe because sof many hazards
associated with it.

Open dumping encourages the spread of diseasearbguring the flies
and verminactingasagents of transmission. Some of the communicable
diseases associated with dump sites are dilgd) rodent-borne and
mosquito-borne. At times, open dumpingaissociatedvith burning of
waste, which can cause fire accident and air potiutOpen dumping
can cause contamination of surface and ground svater

Sanitary Landfill

Landfill is one of the most environmentally sounethods of solid
waste disposal adopted by many countrieshef developed world.
Sanitary landfill operations involve depositingidalastes in natural or
man—made depressions or trenches, compachiam tinto smallest
practical volume and covering them with cootpd earth or other
material. The microbial degradation reaction whaclurs in the landfill
generates methane gas that can be collected awdassa source of
energy.
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Modern landfill sites need to be located in impeabie starter or sealed
with an appropriatemembrane before the wastes are deposited and
should have a system for managing the leachateetept groundwater
surface water pollution.

Composting

Composting involves shredding and separating theegcible fraction

of municipal waste, mixing it with other organic tmaals and allowing
microbial decomposition to take place. Humus erddewh topical soils

can be replaced by compost which has good moisttiaéing capacity.
It is not so easily washed away as chemical feetili Thus, compost
helps to improve soil structure and control sodseon since it is rich in
phosphorus, potassium, nitrogen, carbon amg@hsre. However,

compost may contain high levels of hazardous (heawgtals which

may causeoil surfaceor ground water pollution.

Incineration

Incineration entails passing the waste through amtler at a
temperature of approximately 12@in an adequate supply of air or
oxygen. In the process, all the organic materjedsbohydrates, lipids
and proteins includinglastics, fibores and woods) will be oxidised to
volatile compounds such as g®,0, SQ, NO, etc. The residue after
the incineration has a volume of about one—tentltheforiginal solid
waste. Hence, incineration is only a system of gvastluction since the
residual ash needs to be disposed of carefullyvediel in a landfill.

Advantages of incineration are:

1. The heat generated can be harnessed for elgctyeneration
and hearting of the neighbourhood.

2. Incineration reduces the need for additionadlféirsites.

3. It can dispose of up to 99.999percent organisteg Including
chlorinated organic xemobiotics of properly carrced.

4. Pathogens in the waste are effectively elimishate

5. The ash residue may be recycled and used im#amaifacture of

cement, as aggregate in concrete, structural eksmenoad beds
and in asphalt road surfacing mixes.

Disadvantages of incineration include:

1. Incineration is relatively expensive.
2. There is a danger of highly toxic pollutants rsu@as
polychlorodibenzo-dioxins (PCDDS) and
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polychlorodibenzonfurans (PCDFs) being synthesizadd
emitted into the atmospheres.

3. Toxic heavy metals in fly ash from incineratonsy constitute
direct and detrimental consequences in the immediat
environment as they stress up other environmengtices such
as soil, water and the biota.

4. Incineration metals and metalloids such as $g,Ad, Sb and Pb
may be transported in the air or enriched on gaseatticulates
and travel long distances before they are dembsite and or
surface of crops where they may be absorbed viacthies to the
foliage into the plant. For example, it has beeowshthat about
90percent of the total plant uptake of Pb is dudegposition from
the atmosphere rather than transport from the $his implies
that atmospheric deposition of metals could possgaificant
source of heavy metal inputs to the food chain ehrrckground
soil levels are even relatively low.

Recycling

Recycling encompasses the full range of waste ressuecovery and
reuse techniques. This does not only make the waaterial harmless,
but converts it to another or original useful miade The practice of
recycling solid waste is an ancient one with grad improvements.
Metal implements were melted down an@cast in prehistoric
civilisations. In 1972, in Britain, metal scrap wasrth 1,250 million
pounds. In that year, 60per cent of Pb, 36per cEu and 32per cent
of paper used in Britain came from scrap. In Nigedo, recently more
and more people are getting engagedcavengingbusiness of metals
(steel and aluminum particularly), plastics, battEndso on and so
forth. In Cuba, a technology has been developeddbecting, selecting
and preparing urban wastes to feed pigs andtrgo The prepared
wastes producketweenl8 and 22per cent protein. From recycling point
of view, solid wastes are valuable resources imtimng places.

Waste products, when effectively managed, can gémdriogas (e.g
methane), fertilizer, textile materials, paper, crude oil (byertnal
depolymerization) and metals (e,g aluminum).

4.0 CONCLUSION

Recognising that the inhabitable is finite and that continued pollution
of our environment will, if uncontrolled, be diffilt to rectify in the

future, the subject of solid waste managementoth timely and

important. The overall objective of solid weasmanagement is to
minimise the adverse environmental effects caugeitid indiscriminate

disposal of hazardous solid wastes especially.
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5.0 SUMMARY

In this unit, you have learnt that:

Solid wastes encompass the homogenous a&terolgeneous
mass of throw-aways from residences, commerciatrege and
industrial locations.

Solid wastes are divided into municipal, indwdtend hazardous
wastes.

Waste disposal management encompasses collection,
transportation, storage and methods waste disjgosal as open
dumping, sanitary land filling, composting,cimeration and
recycling.

6.0 TUTOR-MARKED ASSIGNMENT

1. Assess and discuss two of the methods adopteeurs or a
nearby community to handle the menace of solid egast
2. Discuss five merits and five demerits of incatem as a method

of solid wastes management.
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UNIT 1 PHYSICAL PARAMETERS RELEVANT TO
WATER ANALYSIS
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1.0 INTRODUCTION

Water appears to be the most essential of the thdegpensable matters
(air, water and food) to man. Although there isoanmon observation
that without air, man can barely survive for a veaw minutes (that is,
between three to five minutes) and without food ey survive for up

to fifty days. However, it is also a common knowgedthat without
water on the wet surfaces of alveoli in humamsgills in fish for
instance, intercellular oxygen exchange is impossible. Several other
biochemical reactions that are vital to life areevalependent. Water is
also needed for day-to-day running of vital detig industrial and
agricultural activities.

Water needless to say, is so important foth bihe sustenance and
continuity of life, hence, having a good understagdf chemistry and
analysis of water is vital to sustainabilipf man and his various
activities (in the face of the fact that less t2percent of the total water
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available on the surface of the earth is suitabiadfinking). Apart from
the seeming “localisation” of the two per cent gawater, technological
advancement and rapid industrialisation with tlo@incurrent pollution
tendencies have placed the limited good water uselgous stress.

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

list the physical parameters that are relevartbéochemistry and
analysis of water

explain how the parameters (turbidity, coloustéaand odour,
solids)aremeasured

interprete and apply the data obtainablemfrthe measured
parameters in solving practical problems relatied water
analysis.

3.0 MAIN CONTENT
3.1 Notable Physical Parameters of Water
3.1.1 Turbidity

The term “turbid” is applied to waters containingspended matter that
interferes with the passage of light through theéewar in which visual
depth is restricted.

Turbidity may be caused by a wide variety saispended materials
ranging in sizes from colloidal to coarse dispearsjalepending upon the
degree of turbulence. In lakes or other watertiexgsunder relatively
guiescent conditions, most of the turbidity due to colloidal and
extremely fine dispersions; in river under floochdaions, the turbidity
Is asa result of to relatively coarse dispersion, wlglacier—fed rivers
and lakes, turbidity is due to colloidal coarsetipbas produced by the
grinding action of the glacier. As rivers descerahf mountainous areas
to the plains, they receive contributions of tuityidrom farming and
other operations that disturb the soil. Unfleod conditions, great
amounts of topsoil are washed to receiving steeadhuch of these
materials is inorganic in nature and inckidelay and silt, but
considerable amounts of organic matter auded. As the rivers
progress toward the ocean, they pass throudfan areas where
domestic and industrial treated and untreated wadézs may be added.
These wastewaters often contain large quantitiesoth organic and
inorganic substances that produce turbidity. Stresthings contribute
much turbidity as well.
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Organic materials reaching rivers serve asdfdor bacteria. The
resulting bacterial growth and other microorganighegt feed upon the
bacteria produce additional turbidity. Inorgamutrients such as
nitrogen and phosphorus present in wastewater aligel and
agricultural runoff stimulate the growth of alga&ieh also contribute to
turbidity.

Significance of Turbidity in Public Water Supplies

Aesthetics Any turbidity in a sample of drinking veat is

automatically associated with possible wastewatdiufpon and

the health hazards occasioned by it.

Filterability : Filtration of water is rendered more difficult can
costly with increasing turbidity.

Disinfection: To be effective, there must be direct taon

between a given disinfectant (e.g. chlorimzone, chlorine
dioxide or UV radiation) and the organisms it hakitl. In cases
where turbidity is caused bynunicipal wastewatersuspended
solids or runoff from animal feed lots, many of tpathogenic
organisms may be encased in the particles and mepnatected
from the action of the disinfectant.

Method of Turbidity Determination

Instrumental method that employs the principle eplmelometry
is used. A light source illuminates the sample and or more
photoelectric detectors are used with a readouteédw indicate

the intensity of scattered light. A particular faon polymer

suspension is used as a standard. Turbidity mtededrinking

water must never exceed one nephelometric turbightty(NTU).

1 NTU = 1mgSO./L.

Applications of Turbidity Data
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Water Supply: Knowledge of the turbidity variation in raw-water
supplies is of prime importance to wateeatment plant
operations. Such measurements are used in  coiganetith
other information to determine whether a supplyunexg special
treatment by chemical coagulation and filtratioobe it may be
used for a public water supply.

Determination of Effectiveness of Coagulants. Water supplies
obtained from rivers usually require chemical flocculation
because of high turbidity. Turbidity measurements ased to
determine the most effective and economical chdrtocase.
Gauging the Amount of Chemicals. Turbidity measurements
help to gauge the amount of chemicals needed feyntaday in
the operation of treatment works. This is partidylamportant
on “flashy” rivers where no impoundment is provided.
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Measurements of turbidity in settled water priorfilration is
useful in controlling chemical dosages so as togmeexcessive
loading of rapid sand filters.

Checking Faulty Filter Operation: Turbidity measurements of
the filtered water are needed to check on faultgrfoperation
and to ensure conformity to regulatory requirements

Effluent Control: Turbidity measurements offer a quick means
of determining the levels of suspended solids ireffiluent so as
to know the minimum amount of coagulants needegrtaluce
high-quality effluent.

SELF ASSESSMENT EXERCISE 1

1. Discuss the nature of materials causing tunpidit(a) river water
during a fresh flood, (b) polluted river water a@ domestic
wastewater.

2. Discuss briefly the causes of colour in water.

3. Differentiate between “apparent” and “true” amo

4 What is the purpose of adding cobalt cté to colour
standards?

5. Suggest one method by which colour can be rechtreen water.

3.1.2 Colour

Many surface waters, particularly those emanatmghfswampy areas,
are often coloured to the extent that they aresndéble for domestic or
some industrial uses without being treated to rmemime colour. The
colouring materials, many of which aheimc substancesyesult from
contact of water with organic debris, such as leameedles of conifers
and woods, all in various stages of decompositiom is sometimes
present as ferric humate and produces a colourgbf potency. Natural
colour exists in water primarily as negatively ded colloidal particles
and its removal can readily be accomplished byoagulant having a
trivalent metallic ion such as aluminum or iron.

Surface waters may appear highly colouredabse of coloured
suspended matter when in reality they are not. Ritleat drain areas of
red clay soils becomaighly coloured during times of flood. Colour
caused by suspended matter is referred t@@sarent colour while
colour caused by vegetable or organic extractsatetolloidal is called
true colour. At times, surface waters may become colouredhay
presence of dyes from textile industries and mgppperations in the
paper industry which leads to production of liqgu@ontaining lignin
derivatives and other materials in dissolved form.

79



CHM314 ENVIRONMENTAL CHEMISTRY

Significance of colour in public water supplies

Disinfection problem: Waters containing colouring matter
derived from natural Substances undergoing denagwamps
and forestsare not considered to possess toxic properties.
However, disinfectiorby chlorinationresults in the formation of
chloroform, other trihalomethanesand a range of other
chlorinated organics, leading to problems of much current
concern.

Problem of aesthetic unacceptability: The natural colouring
materials impart a yellow-brownish appearance sdmae like
that of urine to water. This makes consumers t& see other
sources of drinking water if the public watsupply is not
aesthetically acceptable no matter how safe it mayrom the
hygienic viewpoint. The alternative sourcesught by
consumers may be springs or wells with uagerlevels of
pathogenic organism. Waters intended for humansuseld not
exceed 15 colour units.

Standard colour solutions

This is done by preparing a stock solution of psitas chloroplatinate
(K,PtCk) that contains 500mg/L of platinum. Cobalt chlerid added

to provide the proper tint. The colour producedlyg/L of platinum

(in the form of KPtCk) is taken as the standard unit of colour. The
stock solution has a colour of 500 units, and a&sef working standard

is prepared from it by dilution. A matched set adflour-comparism
tubes, calledNessler tubesare usually used to contain the standard. A
series ranging from 0 to 70 colour units is empbhySamples with
colour less than 70 units are tested byaflicomparison with the
prepared standards. For samples with a colour ggreain 70 units, a
dilution is made with demineralised water acwlour calculation is
made, using a correctidactorfor the dilution employed.

Suspended matter in samples must be removed tdeetielermination

of true colour. This is usually accomplished bytaénging; filtration is

not recommended because of possible adsormtforolour on the
filtering medium.

Applications of Colour Data

Consumption Specifications: The decision about whether to
treat a water sample further to meet the World Health
Organization (WHO) guideline of 15 colour units fdrinking
water can be taken frothe colour data obtained.

Indicator of Possible Formation of Toxins: Colour in natural
waters isanindirectindicator of the potential for trihalomethane
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formation during disinfection with chlorine. Avater supply is
generally desired with a colour low enougb that chemical
treatment will not be required and trihalomethaoeni&ation will not
constitute a burdensome treatment problem.

Designs of Treatment PlantBefore a chemical treatment plant is
designed, research is conducted to ascertain giecbemicals to
use and amounts required. Colour determinationgesas the basis
of the decisions. Such data are necessary for prope selection

of chemical feeding machinery and the design of ragge space.
Means of Ensuring Economical Operations: Colour
determinations on the raw and treated water oremader govern
the dosages of chemicals used, to ensure econoopiesdtion and
to produce low-colour water that is well within apted  limits.

3.1.3 Taste and Odour

The sensations of taste and smell are closelyectiand often confused.
Hence, a wide variety of tastes and odours majyttbbwded to water by
consumers. Substances that produce an odowater will almost
invariably import a taste as well. The conversaas true, as there are
many mineral substances that produce taste budowro

Significance of Taste and Odour in Water Supply

Consumers find taste and odour aesthetically casphg for obvious

reasons. Because water is thought of as tastale$sodourless, the
consumer associates taste addurwith contamination and may prefer
to use a tasteless, odourless water that mighalctpose more of a

health threat. Odours produced by organic subssant®y pose more

than just aesthetic problem since some tlufse substances are
carcinogenic.

Sources of Taste and Odour

Many substances with which water comes into cdni@cnature or

during human use may lead to perceptibléetamd odour. These
include minerals, metals and salts from the camestits of wastewater.
Inorganic substances are more likely to productesasinaccompanied
by odour. Alkaline materials impart a bitter tagievater, while metallic

salts may give a salty or bitter taste.

Organic materials, on the other hand, are likelprimduce both taste and
odour. A multitude of organic chemicals may catesste and odour
problems in water, with petroleum -baseddpots being prime
offenders. Biological decomposition of organics masult in both taste
and odour producing liquids and gases in watendigral among them
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are the reduced products of sulphure that impamtéen egg” taste and
odour. Also, certain species of algae secrete nsabstance that may
result in both odour and taste. The contimnaof two or more

substances, neither of which would produce tastaour by itself, may

sometimes result in taste and odour problems eganacs and chlorine
may exhibit this synergistic effect.

Measurement of Taste and Odour

Direct measurement of materials that produce temtelsodours can be
made if the causative agents are known. Sevepalstpf analysis are
available for measuring taste-producing inorgakieasurement of taste
and odour-causing organicean be made usinggas or liquid
chromatography. Because chromatographic analysis is time-consuming
and require expensive equipment, it is not rouyimeErformed on water
samples, but should be done it problem organics@spected.

However, because of possible synergistic &ffequantifying the
sources of organics does not necessarily quartéynaiture or intensity
of taste and odour. Quantitative tastes that emgiieyhuman senses of
taste and smell can be used e.g. the “thresholdrogember” (TON).
Various amounts of odourous water are pourgd containers and
diluted with enough odour-free distilled water make a 200 mL
mixture. An assembled panel of five to ten “nosisstised to determine
the mixture in which the odour is just barely pgetdade to the sense of
smell. The TON of that sample is then calculatedgithe formula

Ton=A+B

where A = the volume (ml) of odourous water
and B = the volume of odour —free water requiregrmduce a 200 ml
mixture.

Application of TON Data

Potable water is expected to be taste and odoar Hewever, United
States Environmental Protection Agency (USERKEs not have a
maximum standartbr TON. A TON of three has been recommended by
the Public Health Service and serves as a guelehther than a legal
standard.

3.1.4 Temperature
Temperature is not used to evaluate directly eifha@iable water or
wastewater. It is, however, one of the most ingdrtparameters in

natural surface-water systems. The temperatfresurface waters
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governs to a large extent the biological speciesgmt and their rates of
activity. Temperaturehas an effect on most chemical reactions that
occur in natural water system. Temperature alsah@®nounced effect
on the solubilities of gases in water.

Sources of Temperature

The temperature of natural water systems respandsahy factors, the
ambienttemperaturgtemperature of the surrounding atmosphere) being
the most universal. Generally, shallow bodies ofeware more affected
by ambient temperatures than the deeper bodies. usk of water for
dissipation of waste heat in industry and the sgisset discharge of the
heated water may result in dramatitiough perhaps localised,
temperature changes in receiving streams. Remdvadrest canopies
and irrigation return flows can also result increased stream
temperature.

Impacts of Temperature

Cooler waters usually have a wider diversity ofldgical species. At
lower temperatures, the rate of biological actiatich as food supplies
utilisations, growth, reproduction, etc, is slowan increase of 1T is
usually sufficient to double the biological actiif essentialnutrients
are present.

At elevated temperature and increased metabolés ratrganisms that
are more efficient at food utilisation and reproiion flourish, while
other species decline and are perhaps eliminatededlher. Accelerated
growth of algae often recurs in warm water and loacome a problem
when cells cluster into algae mats. Natural semmeti oils by algaénto

the mats and the decay products of dead algae cellse=llt in taste
and odour problems. Higher-order species, such as fish, are affected
dramatically by temperature and by dissolved oxygeals, which are a
function of temperature. Game fish generally reguicooler
temperatures and higheéissolved-oxygetevels.

Temperature changes affect the reaction rates alubikty levels of
chemicals; most chemical reactions involving disison of solids are
accelerated by increased temperatures, while thibisty of gases, on
the other hand, decreases at elevated temperatures.

SELF ASSESSMENT EXERCISE 2
1. For a given water sample, exactly 80mL of it wasded to make

its odour just detectable. Determine the T@N this water
sample and state, with reason, whether tlaéewis safe for
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domestic purposes or not based on its TONeva&alculated
given that TON< 3 is adjudged safe.

2. Discuss briefly two ways in which temperaturen aadirectly
affect the physiochemical parameters of water.

3.1.5 Solids in Water Supplies

The total solids in a liquid sample consist of katssolved solids and
total suspended solids. Total dissolved solidsnaagerials in the water
that will pass through a filter with a 2.0 um oralar nominal average
pore size. The material retained by the filterthe total suspended
solids.

The amount and nature of dissolved and suspendé&ernagcurring in
liquid material vary greatly. In potable waters, shof the matter is in
dissolved form and consists mainly of inorganidssadmall amounts of
organic matter and dissolved gases. The total ldsssolids content of
potable waters usually ranges from 20 to 1,000 mghd as a rule,
hardness increases with total dissolved solids.

Unlike the measurement of total suspended solidsreveample drying

is conducted at 103 to 1% total dissolved solid analysis for water
supplies is conducted at 180 The reason for the higher temperature
used in the latter is to remove all mechanicallgloded water. Here,
organic matter is generally very low in concentmatand losses due to
the higher drying temperature will be negligible.

Significance of Solids Determination

Water with a total solid content of less than 5084/L is most
desirable for domestic use. A higher total solwhtent imparts
taste to the water and often has a laxative amlesmes the
reverse effect upon people whose bodies areusetl to the
higher levels.

Water with a high dissolved solid content terastain glassware
and has adverse impacts on irrigated crops, paamtgrasses.
The suspended solids analysis is used to erfsatran important
wastewater discharge requirement is met.

In cases in which water softening is neededjype of softening
procedure may be dictated by the dissolved solitterd, since
precipitation methods decrease the solids and eggheethods
increase the solids.

Corrosion control is frequently accomplished Iy production

of stabilised waters through pH adjustment. Thegt&bilisation
depends, to an extent, upon the total solids ptesenwell  as
the alkalinity and temperature.
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Determination of Solids in Water Supplies

Dissolved solids are the major concern in watempbes; therefore, the

total solids determination and the specific condncé measurement are
of greatest interest. Suspended solids tests élersanade because of
the small amounts present. They are meesily evaluated by

measurement of turbidity.

Total Solids

The determination of total solids is easily made dwaporation and
drying of a measuredsample in a tarred container. The use of platinum
dishes is highly recommended because of the edbkewhich they can
be brought to constant weight befawse. Vycor ware is a good
substitute, but the use of porcelain dishes hdsetavoidedbecauseof
their tendency to change weight.

Specific Conductance

A rapid estimation of the dissolved solids conteiha water supply can
be obtained by specific conductance measurementh Beasurements
indicate the capacity of a sample to carry an etecurrent, which in
turn is related to the concentration of ionisedssaices in the water.
Most dissolved inorganic substances in water sapgre in the ionised
form and so contribute to the specific castdoce. Although this
measurement iaffectedby the nature of the various ions, their relative
concentrations and the ionic strength of the watech measurements
can give a practical estimate of the vaviai in dissolved mineral
content of a given water supply. Also, by the usaroempirical factor,
specific conductance can allow a rough estimatdbgomade of the
dissolved mineral content of water samples.

Dissolved and Suspended Matter

In cases where turbidity measurements are not adeda provide the
necessary information, the suspended solidg b® determined by
filtration through a glass-fibre filter. Anotheedhnique is to filter a
sample of water through filter paper and determiotl solids in the
filtrate. The difference between total solids infikered and filtered
samples is a measure of the suspended solids presen

SELF ASSESSMENT EXERCISE 3

1. What significant information is furnished by tthetermination of
solids in a water supply sample?
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2. Why is 103 to 10% the drying temperature generally used for
total solids analysis? Under what conditions arft) s 186GC
sometimes used as the drying temperature?

4.0 CONCLUSION

Measurement of such parameters as turbidity, colpbk and solids
content of a water supply are germane to our mactinderstanding of
how water treatment should be carried out. Suchsomements, when
thoroughly carried out, are the basis of produgiogable water for a
healthy population.

5.0 SUMMARY
In this study, you have learnt that:

Turbidity, colour, pH and solid content of watare important
prerequisite determinants as to whether a watempkkawill be
suitable for municipal water supply purposes.

Such parameters (turbidity, colour, pH and salmhtent) of a
water supply affect other water characteristics of water
tremendously.

6.0 TUTOR-MARKED ASSIGNMENT

1. A water supply sample contains 350mg/L of digsolsolids.
Treatment facilities remove 65percent. How mamgditof water
supply containing 5.0percent dissolved solids will be produced
per 1000 L of the water supply sample?

2. What problem might be caused by colour —causiatgrials in
water other than the colour itself?
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1.0 INTRODUCTION

Like physical parameters, several chemical paramete paramount to
crucial decision-making concerning the quality ablic water supplies.
Among these are pH, acidity, alkalinity and hardnes

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

define pH, acidity, alkalinity and water hardness

explain how to determine acidity, alkalinity, wathardness and
residual chlorine of a water sample

interprete and apply the data obtained with respe acidity,
alkalinity, water hardness and residual chloriniche demand
to practical decision making about water quality.

3.0 MAIN CONTENT
3.1 Some Relevant Chemical Parameters of Water

3.1.1 pH

pH is a term used to express the intensitythe acid or alkaline
condition of a solution. It is a way of expseng the hydrogen-ion
concentration or more precisely, the hydregen activity. It is
important in almostevery phase of environmental science and
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engineering. In the field of water supplies, itaisfactor that must be

considered in chemical coagulation, disinfectiaater softening and

correction control. In wastewater treatment employing biological
processes, pH must be controlled within ageafavourable to the
particular organisms involved. Chemical processesduto coagulate

wastewaters, dewater sludges or oxidise certaibstance, such as
cyanide ion, require that the pH be controllehin rather narrow

limits.

pH and the lonic Product of Water (K )

The pH of a solution is defined as the negativatitgm to base ten of
the hydrogen ion concentration of that solutionafTil,

pH = - log, [H'] or pH =logyo =
[H]

The pH scale ranges from O to 14, with pH 7 diC2Bepresenting
absolute neutrality.

Acid range Neut%it/y Alkaline range

] [
012345678 g 10 11 1213 14

<o -
»

increasing acidity increasing alkalinity

At 250°C, pure water dissociates as follows:
H,O ——» H +OH

The [H7, using the hydrogen electrode, of pure waterfi€zhas been
found tobe 10°? This implies that the [OHwill also be 10. The
equilibrium equation gives:
_ |H+||OH*|
[H0]

Since the ionisation degree is so small and theerdmation is so large,
it is considered that the concentration of wateoisstant. Hence,

Kw=[H"][OH)
For pure water at 28, Ky =10’ x 10" = 10
By implication, pH = 7 and pOH =7
So, pH + pOH =14
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SELF ASSESSMENT EXERCISE 1

What is the pH and pOH of a solution containing{#)08g of H and
(b) 0.1008g of H, per litre?

3.1.2 Acidity

Acidity is a measure of the ability of a given wasample to neutralise
strong bases to an indicator end point. Most aatwaters, domestic
wastewaters and many industrial wastes are bulfffprancipally by a

carbon dioxide-bicarbonate system.

Sources and Nature of Acidity

Carbonic and species are formed when, @dters surface waters. This
happenswhen the concentration of C® in water is less than that in
equilibrium with CQ in the atmosphere. Through biological oxidation
of organic matter particularly in polluted waterQCproduced can also
be absorbed by water.

Ground waters and waters from the hypolimnion cdtdted lakes and
reservoirs often contain considerable amounts ©f Cesulting from
bacterial oxidation of organic matter with whidietwater has been in
contact. Under these conditions, the L@ not free to escape to the
atmosphere. Carbon dioxide is an end prodiicboth aerobic and
anaerobic bacterial oxidation; therefore, its comicdion is not limited
by the amount of dissolved oxygen originallyesent. It is not
uncommon to encounter ground waters with 30 to §Q.raf CO..

Mineral acidity is present in many industrial wasparticularly those of
the metallurgical industry and some from the puaidun of synthetic
organic materials. The drainage from abandonedesnand iron ore
dumps will contain significant amounts of sulphuecid or salts of
sulphuric acid if sulphure, sulphide or ironpyrite are present.
Conversion of these materials to sulphuric acid suighate is brought
about by sulphure-oxidizing bacteria under aercbiaditions.

2S + 3Q + 2H,0 —>bact. 4H+2SQ*
FeS +3% G + H,O — bact F& +2H'+2SQ*

Salts of trivalent heavy metals particularly e.g**Fand AF* hydrolyse
in water to release mineral acidity.

FeCk+3H,0 —> Fe (OH)+3H" +3CI
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Many industrial wastes contain organic acids. Coation of fossil
fuels in power plants and automobiles leads tofdnmation of oxides
of nitrogen and sulphure, which when mixed witinrahydrolyse to
form sulphuric and nitric acids.

Significance of Acidity

Acid waters are of concern because of their coreosharacteristics and
the expenses involved in removing or cohtrgl the corrosion-
producing substances. The corrosive factor in magers is CQ but in
many industrial wastes, it is mineral acidity. Acan canlower the pH
in poorly buffered lakes thereby adversely affegi@guatic life, and can
increase the amount of chemical, such as alumineached from soil
into surface.

Methods of Acidity Measurement

Both CQ and mineral acidity can be measured by means ofiatd
solutions of alkaline reagents. Mineral acids asasured by titration to
a pH of about 3.7, the methyl orange end point.tR@ reason, mineral
acidity is also callednethyl orange acidity. Titration of a sample to the
phenolphthalein end point of pH 8.3 measures batteral acidity plus
acidity due to weak acids. This total aciditg also termed
phenolphthalein acidity.

Determination of Acidity in Natural and Waste Waters

(@) Methyl Orange Acidity: While methyl orange was formerly
used for this purpose, bromophenol blue is nowmenended as
it has a sharper colowhangeat pH 3.7. The titration is carried
out using 0.02M NaOH. Results are reported in teomsiethyl
orange acidity expressed as CaClhat is,

VxMx100000

Acidity (as mg/L CaCg) =

mLsample
where V = mL sodium hydroxide titrant.
M = molarity of sodium hydroxide

The molecular weight of CaGG 100g (=100,000mg)

(b)  Phenolphthalein Acidity: This measures the total acidity
resulting from both mineral acids and weak acidshim sample.
Either phenolphthalein or metacresol purple indicagn be used
for this titration. When heavy-metal salts are presit is usually
desirable to heat the sample to boiling and thamycout the
titration. The heat speeds the hydrolysistioé metal salts,
allowing the titration to be completed momreadily. Again,
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0.02M NaOH is used as the titrating agent. Reselreported in
terms of phenolphthalein acidity expressed as Ga&gdDbefore.

Determination of Total Acidity by Mixed Indicators Method

The mixed indicator is prepared by mixing 10mL offercent thymol
blue (in 50percent ethanol) with 30mL of 0.1pergamenolphthalein (in
50percent ethanol). Measure accurately 50 or 100Mmlater sample
into a titration flask. Add one drop of the mixeutlicator. Titrate with
0.0125M barium hydroxide solution to the end pgielow (acid) to
violet detected with a pH meter rather than byaatbr.

Acidity (as mg/L CaC02) = XMx00000
mLsample

where V = Ml barium hydroxide
M = molarity of barium hydroxide
100000 = molar weight of CaG@i.e. 100g).

SELF ASSESSMENT EXERCISE 3

1. What causes acidity in natural waters?

2. What pH range is used to measure (a) Mineradlifcand (b)
Total Acidity, in water?

3. Why are we concerned with acidity in water?

3.1.3 Alkalinity

The alkalinity of a water sample is a measwof its capacity, to
neutralize acids. Constituents of alkalinity matural water systems
include CQ %, HCOy, OH, HSIOy, H,BO;, HPQ,, HS and NH’.
These compounds result from the dissolution ofemahsubstances in
the soil and atmosphere. Phosphates may also ategfrom detergents
in waste water discharges and from fertilizers amgkcticidesfrom
agriculturalland. Hydrogen sulphide and ammonia may be prodofcts
microbial decomposition of organic material.

By far, the most common constituents of atkfli are bicarbonate
(HCOy), carbonate (C§) and hydroxide (OH. In addition to their
mineral origin, these substances can originate @@y a constituent of
the atmosphere and a product of microbial decomposof organic
material, according to the following reactions.

CO, +H, O H,CO; (dissolved CQ and carbonic acid)

HoCO—> H* + HCO; (bicarbonate)

91



CHM314 ENVIRONMENTAL CHEMISTRY

HCO;e— H" +HCQ (carbonate)
CO%; H,O0 «— HCO; + OH (hydroxide).

The last reaction is a weak reaction chemicallyweheer, utilisation of
the bicarbonate ion as a carbon source by algadroanthe reaction to
the right and result in substantial accumulata@nOH. Water with

heavy algal growths often has pH values as hightad0.

Significance and Application of Alkalinity Data

The principal objection to alkaline water is the@gtons that can occur
between alkalinity and certain actions ire tlvater. The resultant
precipitate can foul pipes and other watstesm appurtenances.
Alkalinity is an important consideration iralculating the lime and
soda-ash requirements in softening of water byipitation methods. It

is also a means of evaluating the buffering capafiwaste waters and
sludges.

Determination of Alkalinity in Natural and Treated Waters
(Titration Method)

In the natural and treated waters alkalinity deteation, four quantities
are commonly reported. These are phenolphthadékalinity, total
alkalinity, carbonate alkalinity and total carbanxdde.

Determination of Phenolphthalein Alkilinity (PA)

Put 50 mL or 100 mL of water sample into a cleanical flask. Add

one drop of 0.05M sodium throsulphate solutioneimove free residual
chlorine if present. Add 2 drops of phenolphthaledicator. If the

solution remains coloured, then PA = 0. If the 8oluturns red, PA is
present. Then titrate the solution with 0.02\CI until the colour
disappears.

The conversion obtained in this titration correggsoto:
OH +CO3+2H — H O +HCO;
Now,
V, xMx100000
mLsample

where \, = volume (mL) of the acid used
M = molarity of the acid

PA (as mg/L CaCg) =
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Determination of Total Alkalinity (TA)

Add two drops of mixed indicator (bromocresol greermethyl red
solution) or of methyl orange indicator into 50 H00 mL of water
sample in a clean coniclidsk. Shakeand titrate with 0.02M HCI acid
until, at pH 4.6, the colour changes to pink (faked indicator) or from
yellow to orange (for methyl orange indicator). Té@version for this
titration corresponds to

OH +CO?; + HCO; +4H" —— 3H,0 +2CQ
Now,

TA (as mg/L CaCg) = Vy xMX100000

mLsample

WhereV; = volume (mL) of acid used
M = molarity of acid used.

Determination of Hydroxide, Hydrogen Carbonate andCarbonate

To 50 or 100 mL of the water sample in a clean nwtric flask, add a
slight excess of Baglsolution to precipitate the carbonate. THEO;
and OH are not affected; the HCQis not also affected by
phenolphthalein indicator. Add two drops of phemtialein indicator
and titrate the OHin the water sample against 0.02M HCI until the
solution is colourless. Let the volume of the agsdd be Y mL. Add
two drops of the mixed indicator or methyl orangehe solution of the
hydroxide/ acid titration. Shake and titrate the ®{Cto the end point
with 0.02M HCI. Let the volume of acid used bg-\nL.

To a fresh 50 or 100 mL water sample, add 2 drdpwirved indicator
or methyl orange and shake. Titrate to the endtpeith 0.02M HCI.
The volume of the acid used; Vs for the three species QHICO, and
CO;”. Hence, the volume of acid used ©0;> only, V¢ = [V1 -(Vy +
Vuc)] mL. The alkalinities can now be calculated asals

Determination of Total CO,

Collect the water sample into a 500 mL flask leguno air space. Take
to the laboratory as soon as possible and siphtoraii00 mL graduated
cylinder allowing overflow to occur. Add @vto ten drops of
phenolphthalein indicator. If the water sample sured, the free-COis
absent, but if the water remains colourless, &trapidly with astandard
NaCO; or NaOH solution until pink colour persister fabout 30
seconds.
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VxMx44000

mLwatersample
where V = volume (mL) of N&O; OR NaOH used
M = molarity of the alkali (Ng2CO; or NaOH)
44000 = molar weight of C{On mg.

Alkalinity as mg/L CQ =

3.1.4 Hardness

Hardness is defined as the concentration of midntametallic cations
in water which determine the capacity of the wateprecipitate soap.
Depending on the anion with which it associatesgdiess is classified
as calcium and magnesium hardness, carbonate Bardaad
noncarbonate hardness and pseudo-hardnesson@sbhardness is
sensitive to heat and precipitates readily at keghperatures, e.g.

Ca(HCQ), —— CaCQ +CO, + H,0

Water hardness is due mainly to the presence 8fada Md" in water.
Other ions that may cause hardness includé Fn*, SF* and AP
The latter are found in much smaller quantitiestlia* and Md", and
for all practical purposes, hardness may be repteddoy the sum of the
Cd" and Md" ions in a given water sample.

Impacts of Water Hardness

Soap consumption by hard waters represents an eworioss to the
water user. Sodium soaps react with multivalentathetcations to form
a precipitate, thereby losing their surfactant praps.

2NaCQ C;/Hzs + CE—> Ca*(CO, Ci;H3s), +2Na'
soap precipitate

Lathering does not occur until all of the hardness are precipitated.
The precipitate formed adheres to surfaces of, tsiogs, dishwashers
and may stain clothing, dishes and othem#& Residues of the
precipitate may remain in the pores so that skiry el rough and
uncomfortable. Boiler scale, resulting from carate hardness, may
cause considerable economic loss through foulingaiker heaters and
hot-water pipesChangesin pH of the water distribution systems may
also result in deposits of precipitates. Bicarllesdegin to convert to
the less soluble carbonates at pH values above 9.0.

Magnesium hardness, particularly associated wehstliphate ion, has a
laxative effect on persons unaccustomed to it. Magnesium
concentrations of less than 50 mg/L are desirabl@otable waters
although many public water supplies exceed thisuarho

94



CHM314 ENVIRONMENTAL CHEMISTRY

Determination of Hardness

Hardness can be measured by using spectrophotontettiniques or
chemicaltitration to determine the quantity of calcium and magnesium
ijons in a given water sample. Hardness can be uregdirectly by
titration with ethylenediamine tetraacetic acid {EY) using
Eriochrome Black T (EBT) as an indicator. The EBcts with the
divalent metallic cations, forming a complex thatred in colour. The
EDTA replaces the EBT in the complex, and when ri@dacement is
complete, the solution changes from red to blue.

M"™+EBT ——» M- EBT
M- EBT + EDTA—— M- EDTA + EBT
red blue

If 0.01lM EDTA is used, 1.0 mL of the titrant meassirl.0 mg of
hardness as CaGO

Application of Hardness Data

Hardness of water is an important consideraiiondetermining the
suitability of a given water source for domestid andustrial uses. The
environmental engineer uses it as a basis for rewmding the need for
softening processes and design typHardness may range from
practically zero to several hundred or thodsgarts per million.
Although acceptability levels vary according to ansumer’s

acclimation to hardness, a generally acceptedifitzg®on is as follows:

Soft water < 50 mg/L as CaGO

Moderately hard water 50 — 150 mg/L@aCQ
Hard water 150 — 300 mg/L as CagO

Very hard water > 300 mg/L as Ca¢O

The Public Health Service Standards recommend anmax of 500
mg/L of hardness in drinking water.

SELF ASSESSMENT EXERCISE 4

1(a) Briefly discuss the presence of alkalinitynatural waters.
(b)  Of what benefits is alkalinity in natural weer

2. What effect does the (a) addition of £() removal of CQ
have on the total alkalinity of water?

3. What is the difference between hardness caug&thfHCQ),
and the one caused by CaS0@water?
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4.0 CONCLUSION

Water, a universal solvent, can be made good orumater different
conditions depending on its chemical parametesssatvent capabilities
are a direct function, more or less, of its chetrpeaameters.

50 SUMMARY
In this unit, you have learnt that:

pH of a given natural water sample may generalyge from
acidic to alkaline region.

Different organisms and chemical species respaadpH
variations differently.

Acidity and alkalinity come from both natural aadthropogenic
sources.

Chemical parameters of water determine, to aelaxfent, the
purposes a given water supply may serve.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the principles involved in the EDTAIftretric method
of measuring hardness of water.

2. Calculate the phenolphthalein and total alkaésiof a 50 mL
water sample that required 5.3 mL 0.02M HG€lreach the
phenolphthalein end point and a total of 15.2 mlrdach the
methyl orange end point.
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1.0 INTRODUCTION

Natural water courses contain many dissolved miseaad gases that
interact chemically with one another in complex amgied ways. The
interaction may alternately aid or obstruct natymadification processes
of natural water systems. Strictly speakimgost of the chemical
interactions that play a part in self-purificatiof water courses are
biologically mediated. These chemical reactions e spontaneous,
but requirean externalsource of energy for initiation.

2.0 OBJECTIVES

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

define dissolved oxygen (DO), biochemicalygen demand
(BOD) and chemical oxygen demand (COD)

discuss the procedures of measuring DO, BOD &b C

state the environmental significance of DO, BO@ &0D data.

3.0 MAIN CONTENT

3.1 Biochemical Parameters Crucial to Water Cémistry
and Analysis

3.1.1 Dissolved Oxygen (DO)

All the gases of the atmosphere are soluble in miatsome degree.
Both nitrogen and oxygen are classified as poaslylde. Since they do
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not react with water chemically, their solubility directly proportional
to their partial pressures.

The solubility of oxygen in saline water is lesarthn fresh water. The
solubility of atmospheric oxygen, in fresh wateasages from 14.6 mg/L
at FC to about 7 mg/L at 38 under one atm of pressure. Dissolved
oxygen is one of the most important conehts of natural water
system. A stream must have a minimum of about twéLrof dissolved
oxygen to maintain higher life forms such as figid aother aquatic
animal species. At least, four mg/L of dissolvedgen is required for
game fish and some species may require more.

The amount of oxygen found by determination in m@a of water at
the time of collection is the dissolved oxygen.

Methods of DO Determination

The Winkler of iodometric method and its nfawditions are the
standard volumetric procedures for determiningali&sd oxygen. The
test depends upon the fact that oxygen oxidise$ kra higher state of
valence under alkaline conditions and that Mn ghbr states of valence
is capable of oxidising Ito I, under acidic conditions. Thus, the amount
of I, released is equivalent to the dissolved oxygenirmily present.
The iodine is measured with standard sodium thpdgate solution and
interpreted in terms of dissolved oxygen.

The Winkler Method (Unmodified)

The unmodified Winkler method is applicable only ridatively pure
waters since the method is subject to interferdnom a great many

substances. Certain oxidising agents such asen{ti©,) and Fé&" are
capable of oxidising Ito I, and produce results that are too high.
Reducing agents such asF&0”, S and polythionate, redude to I
and produce results that are too low.

The reactions involved are:
Mn?* + 20H — Mn(OH),(s) (white precipitate)
Mn?* + 20H + %0, —» MnO(s) + HO

or Mn (OH) + %20— MnOy(s) + H2O

If no oxygen is present, a white precipitate of KOH), forms when
MnSQO, and the alkali-iodide reagent (NaOH + Kl) are atide the

sample. But if oxygen ipresentsomeof the Mrf* is then oxidised to
Mn* and precipitates as a brown hydrated oxide.
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After shaking the sample for a time sufficient Ilgast 20 seconds) to
allow all oxygen to react, the floc is allowed gettle; then SO, is

added. Under the low pH conditions, the MNM@XIDISES I to .
MnO, +2I +4H" . Mn*" +1, +2H,0

I, is rather insoluble in water, but forms a complexhwhe excess’ |
present to reversibly form the more soluble tdate, thus preventing
the escape of ifrom solution

|2 + | = |3_

Stopper the sample and shake for 10 secondmore. Titrate the
samples (200 mL) with 0.0125M or 0.025N thiosulgh#o the end
point. The mL of thiosulphate used is interpretickctly in terms of
mg/L of dissolved oxygen.

The Azide Modification of the Winkler Method

The nitrite ion is one of the most frequent intezfeces encountered in
the DO determination of wastewaters, riveaters and incubated

biochemical oxygen demand (BOD) samples. It dodsoniise Mrf*
but does oxidise Ito I, under acidic conditions. It is particularly
troublesome because its reduced formQOJN is oxidised by oxygen,
which enters the sample during the titration procedand is converted
to NO, again, establishing a cyclic reaction that can leadrroneously
high results. The reactions involved are:

2NO, + 2 +4H" — I3 + N,O, + 2H,0
N,O, + 1.0, + H,O— 2NO, +2H"

When interference from nitrite is present, it ispossible to obtain a
permanenend point. As soon as the blue colour of the starch indicator
Is discharged, the nitrite formed will react wittora I to produce 4 and

the blue colour of the starch indicator witturn. To overcome this
interference, sodium azide (NgNn alkali-KI reagent is used. When
H,SO, acid is added, the following reactions occur anel RO, is
destroyed

NaN; + H+—> HN3 + Na
HN3; + NO, + Hf —— N>+ N>O + H,O

By this procedure, nitrite interference is elimedtand the method of
determination retains the simplicity of the oridiléinkler procedure.
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1600xMxV

VZ(VZ 12.0)

1
where M = molarity of thiosulphate solution
V = Volume of thiosulphate (mL) used for titration
V, =Volume of the bottle with stopper in place
V, =Volume of aliquot taken for titration

If all the contents of the bottle are titrated,rtmeg/L DO =

mg/L DO =

16000KMxV
v, [12.0)

3.1.2 Biochemical Oxygen Demand (BOD

The amount of oxygen consumed during microhkidlisation of
organics ina water sample is called the BOD. The greater the
decomposable matter present, the greater the oxgigemand and the
greater the BOD value.

Measuring the BOD

The BOD is measured by determining the oxygen cmesufrom a
water sample placed in an air-tight container kegt in a controlled
environment for a preselected period of time. k& standard test, a 300
mL BOD bottle is used and the sample is incubatedfive days at
20°C. Light must be excluded from the incubator tovpré algal growth
that may produce oxygen in the bottBecause the saturation
concentration for oxygen in water 26°C is approximately nine mgl/L,
dilution of the sample with BOD-free, oxygemisrated water is
necessary to measure BOD values greater than fast eng/L.

The BOD of a diluted sample is calculated by
DO [1DO;,
BOD=———

where DQ = the initial dissolved oxygen concentration (mg/L)

DOy =the final dissolved oxygen concentration (mg/L).

P = the decimal fraction of the sample in the 30(uttle.

Most natural waters and municipal wastewaters ale a population
of microorganisms that will consume the organits.sterile waters,
microorganism must be added and the BOD of the mahteontaining
the organisms must be determined and subtractedtire total BOD of
the mixture. The presence of toxic materials (sashresidual chlorine,
chloramines and copper) will invalidate the BODufes
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Determining BODs

The BOD of a wastewater was suspected to range 5®no 200 mg/L.
Three dilutions (5, 10 and 20 mL) of the wastewatere prepared to
cover this range of 50 to 200g/L. First, the samples (5, 10 and 20 mL
wastewater) were placed in three respectiveé B0 standard BOD
bottles. Each was then diluted to 300 mL with oigdree, oxygen-
saturated water. The initial dissolved oxygen watenined and the
bottles tightly stoppered and placed in the intobat 26C for five
days, after which the dissolved oxygen wasira determined. The
values obtained are as computed in the table below.

Wastewater| DO; DO; 0O, P BODs
(mL) mg/L mg/L used mg/L
mg/L

5 9.2 6.9 2.3 1:0.0167 13¢
300

10 9.1 4.4 4.7 10 _ 0.033 142
30C

20 8.9 15 7.4 20 _ 0.067 11C
30C

Since the final DO is less than 2.0 mg/L, the tB@Ds value of 110
mg/L can be disregarded. Thus, the average B&flthe waste water is
% (138+142) mg/L i.e. 140 mg/L.

Application of BOD Data

BOD is the major criterion used in streamllyimn control where

organic loading must be restricted to maintain r@elsdissolved-oxygen
levels. The determination is used in studies tosmesathe purification

capacity of streams. It helps regulatory arties in checking the
qguality of effluent discharged to streams. Infonmatconcerning the

BOD of wastes is an important consideration in the desigmeatment

facilities. After treatment plants are placed ireiion, the test is used
to evaluate the efficiency of various processes.

3.1.3 Chemical Oxygen Demand

COD is a measure of the total amount of oxygenireduor complete
oxidation to CQ and HO of organic matter present in a sample of
wastewater or effluent. COD is a rapidly measypacameter used to
determine the pollution strength of domesiiaindustrialwaste.

The determination is achieved by using strong exidj agents under
acidic conditions. Excess amount of the oxidisiggrd is used. Oxygen

101



CHM314 ENVIRONMENTAL CHEMISTRY

Is released, some is used to oxidise an equivalaount of the waste to
CO, andthe unused is determined by titration with a reducaggnt of
known strength. Themount usedfor the oxidation of the wastes is
known by difference. Potassium dichromate,CKO,, is the most
suitable oxidising agent. The reaction is:

Cr,0*, + 14H + 66 — 2CP*" + 7TH,0
or CrO/” +8H —» 2Cr* + 4H,0 + 3(0).

Ferrous ion is an excellent reducing agent for mictate. The reaction
Is:
Cr,0*; + 6F€" + 14H — 2Cr" + 6F€" + 7TH,0.

Ferroin (1, 10 — Phenanthroline monohydrateiren (1) sulphate
heptahydrate)s an excellent indicator for this purpose. It gives ety
sharp brown colour change that is easily detec@attulation of COD is
made from the formula:

COD (mg/L) = Vo 1 V5)XxMX16000
mLsample

or  COD (mg/L) =V [ Vs)xNX6000
mLsample

where \, = mL ferrous ammonium sulphate used for blank
V =mL ferrousammonium sulphate used for sample
M = molarity of ferrous ammonium sulphate
N = normality of ferrous ammonium sulphate

Inorganic Interferences

Among the reduced inorganic ions that can oxelised under the
conditions of COD test, Ctauses the most serious problems because it
is usually present in high concentrations mmost wastewaters. Its
presence can cause erroneously high results tbtaaed.

6CI + Cr,0,* + 14H — 3Cl, + 2Cr* + 7TH,0.

However, this interference can be eliminated byatdition of mercuric
sulphate to the sample prior to the addittdnother reagents. The
mercuric ion combines with the chloride ion torfoa poorly ionised
mercuric chloride complex.

Hg?" + 2CI' == HgCl

Nitrite ion, NGO,, is another source of interference capable of gein
oxidised to nitrate in the pressure of dichromatas interference can
be overcomes by the additioin of sulfamiddato the dichromate
solution. Nitrite ion, with other ones such as dels and sulphide ions
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that can also cause interference seldom occuryt@ignificant amounts
in waste or natural waters.

Applications of COD Data
In conjunction with the BOD test, the COD test efful in indicating
toxic conditions and the presence of biologically resistant organ

substances. The test is widely used in dperation of treatment
facilities because of the speed with which restdis be obtained.

SELF ASSESSMENT EXERCISE

1. How does azide eliminate the nitrite interfeeent the
lodometric method for determining dissolved oxygen?
2. List two requirements that must be complied withorder to

obtain reliable BOD data.
3. List two different applications of COD data.

4.0 CONCLUSION

Dissolved oxygen, biochemical oxygen demand andnated oxygen

demand are important parameters that help enviratahecientists and
engineers to make important decisions abloowv to handle the
treatment of wastewater generally. Tth&ta generatedrom measuring

DO, BOD and COD also aids decision makinguibthe use of a
particular water source for municipal water supplypose. The data
alsofacilitatesthe design of plants for wastewater treatment.

5.0 SUMMARY
In this unit, you have learnt that:

all the atmosphere gases can dissolve in watorte extent;

DO, BOD AND COD are informative parameters when
determined to have an understanding of wastewatdity

there can be chemical or organic speciet dna capable of
interfering with  the results obtained in DO, BOD and COD
determinations.

6.0 TUTOR-MARKED ASSIGNMENT
(@) List four inorganic species that interfere Wit®D analysis.

(b)  Which of the species is the most prevaland how do you
handle the interference caused by this particylecies?
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1.0 INTRODUCTION

Depending on their levels in a given water sourue the use for which
the water is intended, anions like chloride \Cfluoride (F), sulphate
(SO”) and phosphaté0,*) and residual chlorine, nitrogen, iron and
manganese, oil and grease, and volatile acidsataonstitute sources
of worries. It is true that some of thenccar naturally in the
environmental compartments, but they can posesstiesonditions on
humans and the biota whenever their natbeadlkground levels are
exceeded in water bodies.

2.0 OBJECTIVES

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

list some common anions usually found in wateti®é® and state
their health and environmental implications in wat@pplies
discuss the basic relevant chemistry of the anand other water
contaminants such as nitrogen and residual chlamimeater

list relevant methods that can be used to deberritie presence
of CI', F, SO, and PQ* in a waste water sample.
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3.0 MAIN CONTENT
3.1 Common Anions in Natural and Wastewaters

3.1.1 Chloride (CI)

Chloride occurs in all natural waters in varyingncentrations. The
chloride content normally increases as the mineaaltent increases.
Upland and mountain supplies are usually quiteilowhloride, whereas
river and ground waters usually have a considerableunt. Chloride
levels in sea and ocean waters are very high.

Chloride content in a water sample can be detehineMohr Method,
Mercuric Nitrate Method and Ferricyanide Method.

In reasonable concentrations, chloride is not harmo humans. At
concentrations above 250 mg/L, it gives a saltietés water, which is
objectionable to many people. The USEPA Seaon Standard for
chloride in drinking water is 250 mg/L, the samédueacontained in the
WHO guidelines. Evapotransportation tends to inseethe chloride and
salinity at the root zone of irrigated plants, nmakit difficult for crops
to take up water due to osmotic pressure differende such, chloride
and total salinity concentrations@tbelow the drinking water standards
are normally specified for waters used to irrigsd#-sensitive crops.

3.1.2 Fluoride (F)

The monitoring of the presence and levelflabride ion in water
requires greater vigilant efforts than is givenctdoride ion. This is
because of the health implications of fluoride &specially in humans.
Approximately one mg/L of fluoride ion is desiraliepublic waters for
optimal dental health. At decreasing levels, talenaries becomes a
serious problem, and at increasing levelsjtalefluorosis (mottled
enamel) becomes a problem. In the recenestina higher level of
fluoride is being implicated for liver problems\aslI.

The principal forms in which fluoride is added tobfic water supplies
are sodium fluoride (NaF), calcium fluoride (GaFhydrogen fluoride
(HF), sodium silicofluoride (N&iFs), hydrofluosilicic acid (HSiFs)
and ammonium silicofluoride [(N§}SiFs]. All these compounds
dissociate in water to yield fluoride ion. At thencentrations of about
onemgL involved in water treatment, hydrolysis of thedilicate ion
Is essentially complete.
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SiFs® + 3H,0 &+ 6H + Si0y”

On this basis, the fluoride in silicofluorides cba determined by any
method that is sensitive to fluoride ion .etbe electrode method,
colorimetric procedures and ion chromatograpBycess fluoride in
water can be removed by passing of water throughows types of
defluoridation media such as tricalcium phosphbtse char and bone
meal. Activated alumina was found to accomplisiofilde removal by a
combination of ion exchange and sorption. Fluoode also be removed
during lime softening through co-precipitation witmagnesium
hydroxide or by alum coagulation.

3.1.3 Sulphate (SG)

Sulphate ion is one of the major anions occurrimgnatural waters. It
has acathartic effect upon humans when it is presents in excessive
amounts in public watesupplies.The USEPA Secondary Standard for
sulphate is 250 mg/L in waters intendéa human consumption.
Sulphate is important in both public and usigial water supplies
because of the tendency of waters containing agtrecamounts to
form hard scales in boilers and heat exchangers.

Sulphate is of considerable concern because rdsectly responsible
for serious problems of odour and sewer-corrosion resulting from the

reduction of S@ to H,S under anaerobic conditions.

SO + organic matter bactgfia  *$H,0 +CO,
S +H" = HS
HS+H = H,S

Bacteria of the genu3hiobacillusare ubiquitous in nature and are
capable of sulphide oxidation to sulphuric acié g@H as low as 2 under
the aerobic conditionsormally prevailingin sewers.

H,S + 2Q bacteria HSO,

Being a strong acid, 130, attacks the concrete in the sewerSH,
formation in this way is particularly serious the crown, where
drainage is at a minimum. Drainage running throaglandoned coal
mines and other exploited mineral-bearing depasats be a source of
high sulphate concentrations as well as low pH ttmmd in the streams
within the vicinity. The sulphide minerals are ased through bacterial
and chemical actions to produce sulphuric acid
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2FeS + 70, +2H,0 bacteria  2Fé + 4SQ* +4H"

The lowered pH and high iron content procedure ddism to water
guality. Combustionof fossil fuels leads to formation of gaseous esid
of sulphurewhich hydrolyse when dissolved in rainwater to form
sulphuric acid. Analysis of SO in a sample of wastewater can be
carried out using gravimetric, turbidimetric and taawvated
methylthymol blue analysis.

3.1.4 Phosphate (P¢)

The inorganic compounds of phosphorusof significance in
environmental chemistry are the phosphatesth@mir molecularly
dehydrated forms (polyphosphates) or condensed phosphates.
Organically bound phosphorus is usuaby minor consideration.
Phosphorus compoundsommonly encountered in environmental
science generally arerthophosphates such as trisodium phosphate
(NasPQ,), disodium phosphate (M4PO,), monosodium phosphate
((NaH,PO,) and diammonium phosphate ((NH,),HPQO,), and
polyphosphates such as sodium hexametaphosphate ;(f\@&)s),
sodium tripolyphosphate (M&O,9) and tetrasodium pyrophosphate

(Na,P,07).

Polyphosphates are used in some public water &gppk a means of
controlling corrosion. They are also used in s®uo#iened waters for
stabilisation of calcium carbonate to eliminate theeed for
recarbonation. Both nitrogen and phosphorus essential for the
growth of algae and cyanobacteria. Limitation amounts of these
elements is usually the factor that controls tmate of growth. Where
both nitrogen and phosphorus are plenty, algalrbfooccur, which may
produce a variety of nuisance conditions. Theaaitievel for inorganic
phosphorus in water has been put at approximatéB5ong/L (5 pg/L).

Phosphorus occurring as orthophosphat®@®, H,PO,, HPQ, #,PQ,*

) can be measured quantitatively by gravimetric,luvetric or
colorimetric methods. Polyphosphates are first eoed to
orthophosphates by boiling acidified sample for rAhutes or more.
Organicphosphoruss first digested before the phosphorus measurement
is carried out.

SELF ASSESSMENT EXERCISE 1

Discuss briefly the effects of excess amouotschloride fluoride,
sulphate and phosphate ions in a water supply.
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3.1.5 Residual Chlorine

The prime purpose of disinfecting public water diggpand wastewater
effluents is to prevent the spread of water-bonseates. The practice
of disinfection with chlorine has become so widesg and generally
accepted as if no problem is associated with thetjme.

In more recent years, chlorination has been fouad ptoduce

trichalomethanes and other organics of health qondéus, the use of
alternative disinfectants, such as chloromingdprine dioxide, UV
radiation and ozone, which do not cause thasticular problem, is
increasing. One important limitation is that ciMation alone is not
sufficiently protective against some disease-caugirotozoa such as

Giardia lamblia and Cryptosporidium paevungood filteration is also
required. Chlorine is used to disinfect water ia form of free chlorine
or as hypochlorite. In either form, it acts asaept oxidizing agent.
Chlorine combines with water to form hypchlorousdahydrochloric

acids. The hydrochlorous acid formed is a weak aaid is very poorly
dissociated gbH < 6.

Cl, +H,O = HOCI+H +CI
HOCl = H"+0CI

The nature of the reactions is dominated thy free Gl with the
resultant development of obnoxious compounds ssctii-@hloramine,
NCl;. to minimise these effects, high-quality watseraften used as
chlorinator feed water. Hypochlorite is used in tbhem of solutions of
sodium hypochlorites and the dry form of caah hypochlorite.
Solution of Na hypochlorite is popular whelarge amounts are
necessary such as in wastewater disinfection, wbaehypochlorite is
popular where limited amounts are required oermittent usage is
dictated. Both compounds ionise in water to yigtgdchlorite ion, OCI

. Free chlorine tends to decrease the pH, whergaschlorite tends to
increase the pH.

NaOCl —> N4 + OCI
Ca(OCly—s C&*+ 20CI

Reactions of Chlorine and Hypochlorous acid with Shistances in
Water

Reactions with NH;: Ammonia reacts with chlorine or
hypochlorous acid to form

monochoramine, dichloramine and trichloromaine delpgy on
the relative amounts of each, and to some exterth®pH.
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NH; + HOCI — NH,Cl+ H,0O
Monochloramine
NH,Cl + HOCI — NHC}, + H,O
Dichloramine
NHCI, + HOCI — NCi +H,0
Trichloramine

In water chemistry, chlorine, hypochlorous acid aggdochlorite ion are
called free chlorine residuals while chloramines aalled combined
chlorine residuals.

Reactions with reducing agentsChlorine combines with a wide
variety of reducing agents such agSHFé*, Mn** and NQ.
Their demand for chlorine must be satisfieefore chlorine
becomes available to accomplish disinfection.

C|2 + st —> 2HC| + S

Reactions with unsaturated organic compounds:Organic
compounds that possess unsaturated linkages will ad
hypochlorous acid and increase the chlorine demand

H,C=CH, + HOCI —  H,C(OH)CHy(CI)

Reactions with other halogens:Chlorine also reacts with other
halogens in water e.g. hypochlorous acid reacts ftibmide to
form hypobromous acid.

HOCI+ Bf — HOBr+CI

Reactions with phenols:Chlorine reacts with phenols to produce
mono-, di-, or trichlorophenols, which canpint tastes and
odours to waters.

Reactions with humic substancesChlorine and hypobromous

acid reactwith humic substances present in most halogenated

products including trihalomethanes (THMSs) such as

chloroform, bromodichloromethane, dibromochlordmagie and
bromoform, andhaloacetic acids The THMs are suspected human
carcinogens which are regulated in drinking watéh a sumtotal
maximum contaminant level (MCL) of 80 ug/L.

SELF ASSESSMENT EXERCISE 2

Explain the observation: “Free chlorine, usad a water supply
disinfectant, tends to decrease the pH, wherepsdmorite tends to
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increase the pH”. Equations of the chemiactions involved are
important.

3.1.6 Nitrogen

The compounds of nitrogen are of great importance/ater resources,
in the atmosphere and in the life processes oplalits and animals.
Nitrogen can exist in seven oxidation states, aflidof them are of
environmental interest: NH-3); N, (0); N,O (+1); NO (+2); NO; (+3);
NO, (+4) and NOs (+5). Three of these (NfIN,O; andN,Os) combine
with water to form inorganic ionised species (NHNO, and NQ) that
canreachhigh concentrations,

NH, + H, O —— NH,” + OH
N,O; + H,O— 2H + 2NO,
N,Os + H,O— 2H + 2NO;

The respective water-soluble species formed: amumoninitrite and
nitrate ions, are of historical environmentancern in water. Their
concentrations in drinking water supplies and siafevaters have been
regulated for decades.

In water, most of the nitrogen is originally presgnthe form of organic
(protein) nitrogen and ammonia. As time pesges, the organic
nitrogen is gradually converted to ammonia nitrggend later on, if
aerobic conditions are present, oxidationanimonia to nitrite and
nitrate occurs. Thus, waters that contained mastjanics and ammonia
nitrogen were considered to have been recentlytealland therefore of
greatpotentialdanger.Waters in which most of the nitrogen was in the
form of nitrate wereconsideredto have been polluted a long time
previously and therefore offered little threatthe public health. Waters
with appreciable amounts of nitrite were bighly questionable
character.

Water with high nitrate content often caused meti@gobinaemia in
infants as aresut of the interaction of nitrite with haemoglobin; the
nitrite being formed from nitrate reduction in tdgestive system. The
USEPA has set a MCL requiring that the nitrateagign concentration
not exceed 10 mg/L and the nitrite-nitrogen conedian not exceed 1
mg/L in public water supplies. Nitrite can alsoergct with amines
enzymatically or chemically, especially when chiating for
disinfection, to form nitrosamines, which are sgga@arcinogens.

The formation of N- nitrosodimethylamine (NDMA) ltgese processes
has been found to result during wastewater tredtangh has become an
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issue recently in wastewater reuse projects andtaoonated
groundwater supplies.

3.1.7 Iron and Manganese in Water

Both iron and manganese create serious prablampublic water
supplies. The problems are most extensive andalriwith underground
waters, but difficulties are encountered at certsasons of the year in
waters drawn from some rivers and some impounde@ai supplies.
Why some underground supplies are relativese of iron and
manganese and others contain so much has beeficaltéxplanation
when viewed solely from the view point of inorgamicemistry alone.
Changesin envronmental conditions brought about by biological
reactions, are major considerations.

It is important to consider how iron and manganase converted to
soluble forms and gain access into water since bbthem are present
in insoluble forms in significant amounts in neaaly soils. Iron exists

in soil and minerals mainly as insoluble ferric ae$ and iron sulphide
(pyrite). It occurs in some areas also as ferroarbonate (siderite)
which is only very slightly soluble. Since groun@ters usually contain
significant amounts of CQ appreciable amounts of ferrous carbonate
may be dissolved in a manner similar to that oficah and magnesium
carbonates dissolution.

FeCQ(s)+ CQ+H,0 — Fé&" +2HCO,.

Dissolution of measurable amounts of iron fronoloble solid ferric
compounds does not occur, even in the presencppréaate amounts
of CO, aslong as dissolved oxygen is present. Under reducing
(anaerobic) conditions, however, the ferric irenreduced to ferrous
iron, and solution occurs without difficulty.

Manganese exists in the soil principally as mangartBoxide, which is
very insoluble in water containing carbon di@idUnder anaerobic
conditions, Mn in the dioxide form is reduced fram oxidation state of
IV to II, and solution occurs, as with ferric oxgle

When oxygen-bearing water is injected into the grbior recharge of
the groundwater aquifer, it is sometimes noted that soluble iron
content of the water increases. This observati@mseto contradict the
need for anaerobic conditions. The explanatioth& the oxygen is
consumed through the oxidation of insoluble pyrifeS), leading to
anaerobic conditions and the formation of solulbbt isulphate. Only
under anaerobic conditions are the soluble formsoof and manganese
(Fe(1l) and Mn(ll)) thermodynamically stable.
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2FeS +70,+2H,0 —> 2Fé' +4S0O , +4H".

As far as it is known, humans suffer no harmfukeef§ from drinking

waters containing iron and manganese. Such watdrsn exposed to
the air become turbid and highly unaccegtablbm an aesthetic
viewpoint, owing to the oxidation of Fe(ll) and Mih(to Fe(lll) and

Mn(IV) respectively. Both iron and manganese irgsrfwith laundering
operations, impart objectionable stains to plumbimgures and cause
difficulties in distribution systems by supportimg iron bacteria. Iron
also imparts a taste to water which istedtable at very low
concentrations. For these reasons, W8EPA secondarystandards for
iron and manganese in public water supplies arenigA. and 0.05
mg/L respectively.

SELF ASSESSMENT EXERCISE 3

1(a) In what forms does nitrogen normallyccur in natural

water?

(b)  What is the importance of nitrogen analysisviaier pollution
control?

2. What is the environmental significance of iremd ananganese in
water supplies?

3. Discus briefly how iron and manganese get umderground

water supplies.
3.1.8 Oil and Grease in Water

The oil and grease content of domestic and cemainstrial wastes, and
sludge, is an important consideration in the hagdand treatment of
these materials farltimate disposal.Oil and grease have poor solubility
in water and do separate from thgueousphase.This characteristic of
oil and grease complicates the transportation aftegthough pipeline,
their destruction in biological treatment units d@hdir eventual disposal
into the receiving streams.

Very few processing plants have provisions for ¢bparate disposal of
waters from meat-packing industry and restauramtscavengers or by
incineration. As a result, the oil and grease whieparate as scum, in
primary settling tanks are normally transferrednvitte settled solids to
disposal units. In sludge digestion tanks, oil gnehse tend to separate
and float on the surface to form dense scum laygnsm problems have
been particularly severe where high-grease-contexgtes have been
admitted to public sewer systems. The vacuumafiin of sludge is
also complicated by high grease content.
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Not all the oil and grease is removed from the ag@vby primary
settling units. Appreciable amounts remain in tlaifted wastewater in
a finely divided emulsified form. During subsequénmdlogical attack in
secondary treatment units or in the receiving streshe emulsifying
agents are usually destroyed, and the firblyded oil and grease
particles become free to coalesce into greasecfestihat separate from
the water. In activated-sludge plants, the gredss @ccumulates into
“grease balls” that give an unsightly appearancth#éosurface of final
settling tanks. Both trickling filters and the aetied sludge process are
adversely affected by unreasonable amounts of gribas seems to coat
the biological solids sufficiently to interfere Wwibxygen transfer from
the liquid to the interior of the living cells. This sometimes described
as a “smothering” action.

Spills of crude and refined petroleum from shipsdutor their transport
have resulted in loss of fish, mammals and watdrfand the fouling of
beaches. Also, oil and grease leaking from autdle®lesult in high
concentrations in storm runoff from streets, conteating water ways
into which storm water drains.

3.1.9 Volatile Acids in Water

The volatile-acids determination is widely useéd the control of
anaerobic waste treatment processes. In the biacakdecomposition

of organic matter that occurs, facultative and aolaie bacteria of wide
variety hydrolyse and convert the complex materialéow-molecular-
weight compounds.Among the low-molecular-weight compounds
formed are the short-chain fatty acids such as@qgatopionic, butyric,
and to a less extent, isobutyric, valerispvaleric and caproic, are
important components. These low-molecular-weifgity acids are
termed volatile acids because they can be distilled at atmospheric
pressure.

An accumulation of volatile acids can have a dreast effect upon
anaerobicreatmen if the buffering capacity of the system is exceeded
and the pH falls to unfavourable levels.

In anaerobic digestion, units that are operating stabilised condition,
three groups of bacteria work in harmony to accoshpihe destruction
of organic matter. Following hydrolysis and ferrtaion to complex
acids, the acidogenic and dehydrogenating organisasy the
degradation to acetic acid and hydrogen. Thie® methanogenic
bacteria complete the conversion into methane and carbon dioxide.
When a sufficient population of methanogenic bdates present and
environmental conditions are favourable, they s#ilithe end products
produced by acidogenic bacteria as fast as thejoamed. As a result,
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acids do not accumulate beyond the neutralisintitiebi of the natural
buffers present,and the pH remains in a favourable range toe
methane bacteria. Under such conditions, the ilelatid content of
digesting sludges, or anaerobically treated weastiens usually runs in
the range of 50 to 250 mg/L.

Untreated municipal wastewater sludges and manyusinidl
wastewaters have a relatively low buffering capa@nd when they are
allowed to ferment anaerobically, volatile acide @roduced so much
faster than the few methanogenetic bacteria presamtconsume them
that the buffers are soon spent and free acid$ exdepress the pH. At
pH values below 6.5, methanogenetic bacteria aneusty inhibited,
but many fermentative and acidogenic bacteria areuntit pH levels
fall to about five. Under such unbalanced condgijothe volatile-acids
concentration continues to increase to levels Gff02to 6000mg/L or
more, depending upon the solids content of thegglud

SELF ASSESSMENT EXERCISE 4

1. List four important sources that contribuig# and grease to
municipal wastewaters.

2. Name five difficulties that could arise in theopess of treating
wastewaters with high levels of oil and grease.

3. (a) What is meant by “volatile acids”?

(b) Indicate (i) what are the most prevalent vdgaticids formed
during anaerobic treatment, (ii) the general @assf organic
compounds from which each of the most prevalerdtitel acids
result.

4.0 CONCLUSION

Water treatmentmust take into consideration every aspect of
physicochemical characteristics including the ddeyr fluoride,
sulphate and phosphate content. The residhlrine and chlorine
demand, nitrogen content, levels of iron and maageanoil and grease,
and volatile acids in water all need to be asskss®l be ensured to
conform to the MCL of either USEPA or WHO. Untilis is done, the
safety of a water source is doubtful, to say tlastle

5.0 SUMMARY
In this unit, you have learthat
. the levels of C| F, SO*, and PG, in a given water sample can

be part of the indices used to assess the quéliheavater.

11¢



CHM314 ENVIRONMENTAL CHEMISTRY

residual chlorine in water can lead toetformation such
compounds known to be human carcinogens e.g. dblono

the presence of nitrogenous compound can tiyrex indirectly
affect a water quality and the uses to which theenean be put.
metals like Fe and Mn can still findeth ways into the
groundwater even when the metals were not origirfallind in
soluble forms.

oil and grease and volatile acids cansttrie very serious
problemsat variousstages of waste water treatment particularly.

6.0 TUTOR-MARKED ASSIGNMENT

Discuss one analytical method in each case rheasuring the
concentration of (i) Mn and (ii) Fe, in water suppl

7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION

The methods of “wet chemistry” such as tigint analysis and
gravimetry still have an important role in modern analytical and
environmental chemistry. There are many areas iehwitrimetric and
gravimetric procedures are quitevaluable. The advantages of
titrimetric procedures include:
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The precision (0.1lpercent) is better thanstminstrumental
methods.

Methods are usually superior to instrumert&ghniques for
major component analysis.

When the sample throughout is small e.g. for offienalysis,
simple titrations are often preferable.

Unlike instrumental methods, the instrumeioes not require
constant recalibration.

Methods are relatively inexpensive with lawmit costs per
determination.

They are often used to calibrate and/or validatgine analysis
using instruments.

The methods can be automated.

The most significant disadvantage of titrimetrioggdures is that, they
are normally less, sensitive and frequently less selective than
instrumental methods. Also, when a large numbé& similar
determinations are required, instrumental nmaghare usually much
quicker and often cheaper théme more labour intensive titrimetric
methods.

Like titrimetric analysis, the advantages offereg¢ Igravimetric
procedure are many including the following:

It is accurate and precise when using modernytaoall balances.
Possible sources of error are readily checkedtediiltration can
be tested for completeness of precipitation andipitates may
be examined for the presence of impurities.

It involves direct measurement without any forfrcalibration
being required.

Determinations can be carried out with reldyivinexpensive
apparatusthe most expensive items are a muffle finance and
sometimes platinum crucibles.

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

list some applications of titrimetric andagmetric analysis
involving “wet chemistry”

explain how to carry out the analysis of suchcegseas Cl, F
SO,%, PQ¥ e.t.c. in an environmental sample

state some precautionary measures neededch@ve both
accuracy and precision in the use of titrimetnd gravimetric
analyses in the determination of a given chemigetes.
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3.0 MAIN CONTENT
3.1 Examples of “Wet Chemistry” Analysis.
3.2 Determination of Chloride (CI)

3.2.1 Mohr Method (Argentometric Procedure)

The Mohr method employs 0.1 M solution of silvetraie, AgNQ, for
titration. In the titration the chloride ion is pipitated as white silver
chloride, AgCI.

Ag" +CI &&= AgCI(s) (K,=3x 10').

The end point cannot be detected visually unlessdicator capable of
demonstrating the presence of excess Agypresent. The indicator
normally used ispotassium chromate, which supplies chromate ion,
CrO,”. As the concentration of Clons approaches extinction, the ‘Ag
concentration increases to a level at which thtubddy product of
silver chromate is exceeded and it beginsfaoton a reddish-brown
precipitate.

2Ag" + CrO” &——> Ag,CrO(s) (Ksp =5 x 10%).
This is taken as evidence that all the chloride basn precipitated.

Severalprecautions are to be observed in this determination if aceurat
results are to be obtained.

1. A uniform sample size, preferably 100 mL, mustused to that
ijonic concentrationsneeded to indicate the end point will be
constant.

2. The pH must be in the range of 7 to 8 becauseis\grecipitated
as AgOH(s) at high pH levels and the GTQs converted to
Cr,0;” at low pH levels.

3. A definite amount of indicator must be used tovjde a certain
concentration of Crg}; otherwise AgCrO,(s) may form too
soon or not soon enough.

The calculation for chloride may be simplified as
CI" (in mg/L) = (mLAgNG;-blank) x 0.1x35.45 x 1000
mL sample

3.2.2 Mercuric Nitrate Method

The mercuric nitrate method is less subjected terferences than the
Mohr method because the titration is performed @ample whose pH
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is adjusted to a value of about 2.5. Under thesaliions, Hg" ion
combines withCl" to form the HgGl complex which is soluble,
therefore makingend-poirt detection easier than with the Mohr
procedure. As theCl concentration approaches zero, thg®"
concentration increases to a level where it becosngsificant as the
mercuric nitrate is added.

Hg™ +2CI «<— HgCh(aq) @, =1.7 x10").

Diphenylcarbazone is the indicator used to showptiesence of excess
Hg™ ions. It combines with them to form a distinct gergolour. A
blank correction is needed. Nitric acid is addeth®indicator to reduce
the sample pH to 2.5, a value that must be maiatauniformly in
unknown samples, standards and blanks. A pH inglicaylene cyanol
FF, which is blue-green at pH 2.5 is also includad improves the end
point by masking the pale colour developed diphenylcarbazone
during the titration. Using 0.1M Hg(NG;), solution makes the
calculation similato thatof Mohr’s method.

3.2.3 Ferricyanide Method

This is an automated colourimetric procedure. Macaon contained in
the mercuric thiocyanate titrant forms a solublenptex with chloride.
This releases the thiocyanate to react withiddon, which is also
added, to form intensely red ferric thiocyanate, ititensity of which is
proportional to the chloride concentration.

SELF ASSESSMENT EXERCISE 1

1. Explain why a blank correction must be appliedhe titration
values in both the Mohr and mercuric nitrate meghofichloride
determination.

2. Would the analytical results by the Mohr methiodchloride be
higher, lower or the same as the true valfiean excess if
indicator were accidentally added to the sample9YWh

3. What purpose is served by the nitric acid addetie indicator in
the mercuric nitrate method of chloride determiai

3.3 Determination of Sulphate, SG.
3.3.1 Gravimetric Method

The gravimetric method yields accurate results. qinntitative aspects
of this method depend on the fact that umariion combines with
sulphate ion to form poorly soluble barium sulphegdollows:

Ba®" + SO ¢—— BaSQ(s), Ksp = 1 x 18°
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The precipitate is normally accomplished by addBafCL, solution in
slight excess to samples of water acidified withl ld€ld and kept near
the boiling point. The samples are acidified tonatiate the possibility
of precipitation of BaCg which might occur in highly alkaline waters
maintained near the boiling temperature. ExcesslBa@lution is used
to produce sufficient common ion to pre@st sulphate ion as
completely as possible.

Because of the great insolubility of BaSGhere is a considerable
tendency for much of the precipitate to form inodlaidal condition that

cannot be removed by ordinary filtration pes. Digestion of the
samples at temperatures near the boiling poinaféew hours usually

results in a transfer of the colloidal to crystadliforms. Filtration can

then be accomplished. The crystals of Ba%@e quite small. Hence, a
special grade of filter paper suitable for sulph@dterminations should
be used.

Having transferred all the sulphate crystals quatively to the filter

paper, washing with distilled water must be suéiintly done to remove
all excess BaGland other salts. Weigh the sulphate precipitatenéor

by subjecting the filter paper to a complete contibusor by drying the

filter paper and the sulphate to a constant wedgitt then subtracting
the weight of the filter paper (previously weighdéam the total to give
the weight of the sulphate precipitate.

3.3.2 Turbidimetric Procedure

The turbidimetric method of measuring sulphateasda upon the fact
that BaSQ, formed following BaCl solution addition to a sample tends
to precipitate in a colloidal form. This tendgns enhanced in the
presence of an acidic buffer solution containinggmesium chloride,
potassium nitrate, sodium acetate and acetic acid.

By standardising the procedure used to producedheidal suspension
of BaSQ, it is possible to obtain quantitative and acabl& results.
Sample with sulphate concentrations greaten tA0 mg/L can be
analysed by taking smaller portions and dilutingenth to the
recommended 50 mkample size. At least, one standard sample of
sulphate should be included in each setsarhples to verify that
conditions used in the test are comparable to these in establishing
the calibration curve.

3.3.3 Automated Methylthymol Blue Method

Here, a continuous-flow analytical instrumerst used in which
chemicals are automatically added to and miwgith samples in a
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flowing stream. After a standard time passesallow for chemical
reaction to occur, the sample enters a cell whexasnrement of colour
or turbidity is made for quantification.

In the automated procedure for sulphate, Ba@l first automatically
added tahe samplesof low pH to form a BaS©precipitate; the sample
pH is then adjusted to about 10. Methylthymol bheagent is then
added and combines with the excess bariudedido form a blue
chelate. The uncompleted methylthymol blue remgirfiorms a grey
colour which is automatically measured.

The amount of sulphate in the original sample sebleon the instrument
response that is obtained. The instrumentt niges calibrated with

standard sulphate solution, the addition of chelmicaust be precise and
interferences must be absent. The method of ausahegtproach helps
to accomplish all these.

3.4 Determination of Fluoride (F)

The concentration of fluoride in drinking aowastewater may be
determinedindirectly by its ability to form a complex with Zirconium.
In the presence of the dye SPADNS, solutions e@€afiium form a

reddish coloured compound, called a “lake”, thbsaabs at 570 nm.
When fluoride is added, the formation of the stabtFs> complex

causes a portion of the lake to dissociate, deitig#ise absorbance.

(Zr-SPADNS) + 6F—» SPADNS +ZrF>

Thus, the Beer's law is satisfied in an nsee manner. A plot of
absorbance versus the concentration of fliegritherefore, has a
negative slope. When photometric methods wsed, care must be
exercised to keep contact time and temperaturedimeasemployed in
developing the calibration curve. Good practice aeas that at least
one standard be included with samples each timetopfeiric
measurements are made.

3.5 Determination of Phosphate (P(ﬁ')

3.5.1 Orthophosphate

Phosphorus occurring as orthophosphag®®, H,PO,, HPQ*, POQ>

) can be measured quantitatively by gravimetric,luvetric or
colourimetric methods. The gravimetric methisd applicable where
large amounts of phosphate are present, but siication does not
occur in ordinary practice. The volumetric methgdapplicable when
phosphate concentrations exceed 50 mg/L, but socbeatrations are
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seldom encountered except in boiler waters anderobic digester
supernatantiquors. Colourimetric methods are the standard procedures
usually adopted for water and wastewater, possiblyome sacrifice of
accuracy.

In colourimetric methods, phosphate ion comabirwith ammonium
molybdateunderacid conditions to form a molybdophosphate complex.

PO +12(NHy) MoOs#+12H' (NH4)sPO: ——» 12M00; + 21NH," + 12H,0.

When large amounts of phosphate are present, thgbduphosphate
forms a yellow precipitate that can be filtered arsd for volumetric
determination. At concentrations under 30 mgtie (usual range in
water analysis) the yellow colour of the colloidal is not discernible.

Using stannous chloride, SnCl(or ascorbic acid), the molybdenum
contained in ammonium phosphomolybdate isdilgareduced to
produce a blue-coloured sol, molybdenum blue, thairoportional to
the amount of phosphate present. Excess ammonialybdate is not
reduced and therefore does not interfere.

(NH,)sP0,.12M00; + Srt*—  Molybdenum blue S

The phosphomolybdate is first extracted frohe tsample into a
benzene-isobutarnol solution prior to addition lné stannous chloride.
This extraction is necessary to enhance iseckasensitivity and to
obtain accurate results when excessive interfesea@presentin the
sample.

3.5.2 Polyphosphates

The orthophosphate present is first determined, &nem, the
polyphosphate is converted to orthophosphate blnigosamples that
have been acidified with sulphuric acid for 90 anteés or more. The
excess acid added must fits¢ neutralisedbefore proceeding with the
addition of the ammonium molybdas®lution. The orthophosphate
formed from the polyphosphate is measuredthe presence of
orthophosphate originally present in the samplethey method earlier
describedThe amountof polyphosphates is obtained as follows:

Total inorganic phosphate — orthophosphate = pagphate
3.5.3 Organic phosphorus

The organic matter (industrial wastes or sludgesubjected to wet acid
digestionusingnitric acid first followed by perchloric acid. The excess
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acid remaining is neutralised. The phosphorus sel@@an be measured
using the method described for orthophosphate.
Total phosphorus — inorganic phosphorus = orgamasphorus

SELF ASSESSMENT EXERCISE 2
1. In the gravimetric determination of sulphate @amtration in a

400mL wastewater sample, 0.0460g BaS@as obtained. How
many mg/L of sulphate was in the sample?

2. In the photometric analysis of fluoride & sample of water
supply, Beer’'s law is obeyed in an inverse manwéry?
3. Would you expect the analytical results for ophosphate to be

higher than, lower than or the same as the olligialue in a
sample of domestic wastewater that had been aaidit prevent
bacterial action and stored for several days rpioanalysis?
Why?

3.6 Determining Iron by Phenanthroline Method

The phenanthroline method is a reliable stehdavet chemistry”

method for the measurement of Fe in water partiulahen phosphate
or heavy metal interference is absent. The metlegbds on the fact
that 1, 10 - phenanthroline combines wi&" to form a complex ion

that is orange-red in colour. The colour producedfarms to Beer’'s
law and is readily measured by visual or photoraetdmparison. It is
necessary to make sure that all the iron is inlabs® condition. This is
achieved by treating a portion of the sample witl ldcid to dissolve
the ferric hydroxide:

Fe(OH)(s) + 3H 5 —> F€* +3H,0

Since 1,10 — phenanthroline will specifically maas&é”, all iron in
the F&" form must be reduced to the ferrous¥{Férm. This is readily
accomplished by using hydroxylamine as the reduagent.

4FE" + 2NH,OH — 4F€é* + N,O + H,0 + 4H'

Three molecules of 1, 10 — phenanthroline are requio sequester or
form a complex ion with each £e When interfering materials are
present, satisfactory results can be obtained &y#e of HCI to acidify
the sample before the iron content is extracted idiisopropyl-ether
prior to the addition of the phananthroline solntio
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3.7 Persulphate Method for Manganese Determinations

This method is suited for routine determinationsr@nganese because
pre-treatment of samples is not needed to overcachéoride
interference. Ammonium persulphate is commonly usethe oxidising
agent. It is subjected to deterioration during @ngled storage; hence, it
Is good to always include a standard sample witth st of samples to
verify the potency of the persulphate used.

Chloride interference is overcome by adding”Htp form the neutral
HgCl, complex. Since the Ksp of Hgglis about 1.7x 18, the

concentration of Clis decreased to such a low level that it cannaiced
the permanganate ions formed. The oxidation of Mfower oxidation
states to permanganate by persulphate requirgsréisence of Agas a

catalyst.

2Mn** + 5S0” + 8H,0 —»Ag* 2MnO, + 10SQ* + 16H"

The colour produced by the permanganate ion idestab several hours,
provided a good quality distilled water is used ddution purposes and
reasonable care is taken pootect the sample from contamination by
dust of the atmosphere.

3.8 EDTA Titrations

Ethylenediamine tetraacetic acid (EDTA) titnags are a type of
complexometric titrations widely used in the queative determination

of several elements in environmental waters gdilgerbhe success of

EDTA titration depends on its ability to account foomplexes with

many metals and the fact that masking/demaskingegs®es are possible
thus aiding selective titration of given metalss@|l suitable metal ion
indicators are available which helps to determimeegise end point for
each titration.

For example, when Gaand Md" occur simultaneously in a sample of
hard water, the concentration of each ion can beraéned successfully

using EDTA titration. To determine €a2 mL of 0.1M NaOH solution
is added to 50 mL of the water sample and titratgéd standard EDTA

using murexide indicator. To now determine ¥ the same sample,
destroy murexide colour with (1) mL of concentraté@l, add 3 mL of
NHs-NH,Cl buffer and titrate with EDTA using Eriochromeabk T.

4.0 CONCLUSION

The methods of wet chemistry analysis are very mdell and could
conveniently be used where the luxury ofhhigrade analytical
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instrumentatiortannot be afforded. Provided the analysis is coemtist
handled, the results are both informative and lotdia

50 SUMMARY
In this unit, you have learnt that:

wet chemistry predominates the field of chemigatrumentation
in environmental sciences

mercuric nitrate method is more reliablearthargentometric
procedure in the analysis of Céince mercuric method is less
subject to interferences.

gravimetric methods are particularly suitable $pecies that can
form stable precipitates of known molecular formula

visual or photometric methods are suitable whemour
development of a given species is possible.

certain metals e.g. Fe and Mn can be determisedywisual or
photometric methods.

complexometric titration (using EDTA particularlgan be used
to routinely determine the levels of many metalsmMater for
example.

6.0 TUTOR-MARKED ASSIGNMENT

(a) List four precautions that must be observedrtsure an accurate
gravimetric determination of sulphate concentratio a water
sample.

(b) In the determination of sulphate concerdratoy gravimetric
procedure, a 100mL sample yielded 0.0140g of Ba$low
many mg/L of sulphate was in the sample?
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1.0 INTRODUCTION

In environmental sciences, all the pollutants déliest can readily be
classified as organic or inorganic. These onesoérgreater concern
because they occur more often than any other oraway think of.

Inorganic pollution arises from mining and smeltiof metals, fossil
fuel combustionand chemical production coupled with widespread
applications in engineering, electronics, stdal and agricultural
practices. These activities have led to the presenteavy metals and
other trace inorganic chemicals in the atrhesp, rainfall, rivers,
groundwater, soil, sediments and the biota. Orgaoitution was first
manifested following the growth in the use of prdes in the years
immediately after the Second World War and throtigh 1950s. The
first organochlorine pesticides were DDT, laneé and Dieldrin.
Overuse and misuse of these compounds led to tath a@é wildlife,
especially species at the apex of food chainsudhel raptorial birds,
foxes and badgers.

Public concern requires that pollutants in the mment are detected
and controlled. Current methods popularly usedrofilng heavy metal
levels in an environmental matrix include Flameoic Absorption
Spectrometry (FAAS), Graphite Furnace Atomic Absorption
Spectrometry  (GFAAS), Inductively Coupled Plasmassl
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Spectrophotometry (ICP-MS) and Energy Dispersive Ra§
Fluorescence (EDXRF) to mention a few. Chrmgeaphy is the
dominant analytical technique for the identificatiand quantification of
organic pollutants.

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

list mostly used instrumental techniques fordhalysis of heavy
metals and organic compounds in an environmeniapka

state the principle of operation of each instrotaktechnique
studied

state the advantages of one technique over tes.ot

3.0 MAIN CONTENT

3.1 Instrumental Techniques for Heavy Metals Analys

Various, instrumental techniques are used Inenists and other
environmental scientists for the purpose of detgcand determining
the levels of heavy metals & given environmental samples. For the
sake of brevity, only two of théechniques(AAS and NAA) are
discussed here.

3.1.1 Atomic Absorption Spectrometry (AAS)

Atomic Absorption Spectrometry is a technigtlet involves the
aspiration of the sample solution into amiga or an electrothermal
device whose higltemperatureconvertsthe analyte ions into atoms in
the vapour state. When an electromagnetic radiath@macteristic of the
electronic transitions of atoms of a particulamsdat is passed through
an atomic vapour of that element, the radiationeatain frequencies is
attenuated. The absorbed radiation excites elestflom the ground
state to various higher energy levels (exciteates). The degree of
absorption is a quantitative measure of the comagon of ground-state
atoms in the vapour.

AAS is the most widely used techniques for the dtetive
determination of metals at trace levels (0.1 topd) in a wide range
of materials; its relative precision is 0.5 to Zysart.

The major disadvantages include: (i) samples masinbsolution or at

least volatile; (ii) individual source lamps arejuaed for each element;
(i) the technique is notapable of simultaneous multi-elemental
determination; and (iv) it is not suitable for gtetive analysis.
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Some of the various modifications of AAS aFéame Atomic
Absorption Spectroscopy (FAAS) and Graphite Furna&wmmic
Absorption spectroscopy (GFAAS).

3.1.2 Flame Atomic Absorption Spectroscopy (FAAS)

FAAS consists of a sharp-line radiation sourcedpoed by a hollow-

cathode lamp, characteristic of the elemehtinterest, a solution
nebulizer and burner, a monochromator, photonlidtimnd recording

system. Although FAAS is simple®o operate and cheap, the burner-
nebuliser system is relatively an inefficient sampl device. Only a

small fraction of the sample reaches the flame tardatomised sample
passes quickly through the light path thereby legqdo a low detection

limits, usually at the sulil g/g or 0 g/mL levels. Its dynamic range is
also limited.

Oxidant Fuel /\/\/\
RN ¥ 1 > Optical Path

™

Burner Head

)

Oxidant  Excess Sample Spray Chamber

\\Asplrator
_— +— Sample
Fig. 6: The Premix Burner of a FAAS
Source: D. Harvey, 2000 (Modified).

3.1.3 Graphite Furnace Atomic Absorption spectrosapy
(GFAAS)

One major instrumental difference between GFAAS BAAS is that,
graphite tube furnace (about 5 cm x 3 mm) is use@dRAAS in place of
flame in the FAAS forthe purpose of vapourisation and atomisation.
The graphite tube furnace is flushed through veithinert gas, e.qg.
argon, before vapourising the sample so as to pteate formation of
refractory oxides and oxidation of the graphiteetubhe axis of the
furnace is aligned along the optical path of thdiatton from the lamp.
The sample (5 to 5@IL) is depositedon the platform at the bottom

inner surface of the tube near the centve ehhance maximum
sensitivity. The temperature is rapidly raisedabmut 2500 K by the
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passage of a heavy current for a period of 1 toirfut@s. The heating
cycle is controlled so as to allow solvents to evaporate ayamic
residues to be ashed before an atomic vapduthe metal under
investigation is produced.

GFAAS has relatively low detection limits capalyitwhich makes it
particularly suitedto the requirements of analyses of trace elements at
low concentrations in a matrix. The main drawbagk&FAAS are: (i)

it is not multi-elemental; (ii) it has limited prgcal sample throughout;
and (iii) the presence of high electrolyte spesesh as Na and ClI
results in numerous non-specific absorption interiees.

Hole
l Graphite tube

o~

Source

VY

Detector Outputsig nal Recorder

Furnace

Fig. 7: A Block Diagram of GFAAS
3.2 Neutron Activation Analysis (NAA)

NAA is a non-destructive tool for routine traceratnt determination in
many areas of innovative research. Apart from beiblg to determine
many environmentally crucial trace elements sucBlasCd, Cr, Cu, Se,
Ni, Zn, etc. NAA is also capable of determining araglements such as
Na, Cl, and K as well as rare earth elements.

The determination of the elemental concentnatias based on the
measurement of induced radioactivity throudje tactivation of the
elements by neutrons. The radioactive decay oh edement emits a
characteristics X-ray spectrumHence, an individual nuclear
“fingerprint” can be measured and quantified. Tleeitron sources used
in NAA can be produced by a neutron reactor, aigaracceleratoor
artificial isotopes such as phitonium, and beryllium. Thetnsosnmon
source is from a fission reactor due to its hightran flux.
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NAA is an extremely sensitive, selective and weciechnique that
provides both qualitative and quantitativeomfiation at ultra trace
levels. These characteristics derive from a coatmn of factors: (i)
Extremely sensitive instrumentation with a fiacifor spectrometric
distinction between radionuclide is availabl@i) activation cross
sections can be large and interise neutron fluxesamailable; (iii) the
reagent blank problem which is so common in trdeenent analysis is
largely eliminated; (iv) when sample processin@iptd measurement is
needed, the problem of working withg amounts of materials can be

simplified by the addition of non-active “carrieshich does not affect
the final activity measurement; and (v) very snsalinple size (flakes of
paint, single hair strand, etc) can be analyseddetttified by NAA.

Some of the disadvantages of NAA are; (i) liquiadnp&es cannot be
activated in a standard thermal neutron nucleactog; (i) practical
multi-elemental analysis is restricted due to thdenspectrum of short
and long-lived nuclides; (iii) for short-lived nugdés measurement, the
presence of major electrolyte species (Na, FGI,Br) on irradiation
produces high background x-ray activities; (e determination of
many important elements like Be, B, Pb, P and Sifficult due to poor
nuclear cross-sections not activated by neutronsain the case of P,
not yielding a X-ray for analysis; and (v) it is arpensive and highly
specialized instrumentation.

Activity: Read about and prepare “contact period” or ternmepapn
EDXRF and ICP-MS.

SELF ASSESSMENT EXERCISE 1

1. List some instrumental techniques suitable foe @inalysis of
heavy/trace metals

2. What are the advantages of (a) FAAS over GFABPGFAAS
over FAAS; (c) AAS over NAA; and (d) NAA ove&xAS?

3. Explain the need of an inert gas to flush thlotdige graphite
furnace tube before vaporisation of an elemenbrermenced in
GFAAS analysis.

3.3 Instrumental Techniques for Organic Residues Aalysis

In environmental chemistry, chromatography is themuhating
technique with respect to organic matrix analySisromatography is
an instrumental analytical technique that lbmms separation and
identification of components of a complex tane into individual
entities. The chromatographic methods have gooddsgegh resolution
power and tendency to handle small amounts of mahter
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Every chromatographic system consists of movingnobile phase in
intimate contact with fixed or stationary phaseeTatter is composed
of the stationary or alhon-movingportion of chromatographic column
or bed. A sample component undergoes anlilegum distribution
between these two phases. This equilibrium in tleaides the velocity
with which each component migrates on column. Taedkebroadening
and dispersion of each component in the directbmmigration also
occurs. Thus differential migration and bamddaening decide the
extent of separation of the sample.

The classes of chromatography are:

0] Adsorption chromatography: This method is based on
exploitation of he difference in adsorptivity of solute to the
stationary support which is usually packed in umm e.g.
various fatty acids canbe separated by adsorption
chromatography.

(i) Partition chromatography: includes chromatographic
techniques such as liquid-liquid chromatographyQl,Lpaper
chromatography (PC) thin-layer chromatography (T,Lg3s-
liquid chromatography (GLC) and reversed - phase
chromatography (RPC). Here, we explore the diffeeen the
partition coefficient or distribution ratio of inddual species
in the mobile and stationaryphase. Some partition
chromatography techniques like PC and TLC use latale
others use columns.

(i) lon exchange chromatography This method is based on
differences in the exchange potential betwesarious ion
exchange resin packed in a column. Examples are GEC,

IE and Liquid Exchanger (LE).

(iv) Exclusion chromatography. This is based fundamentally
upon exploitation of the difference in sio& molecular
geometry of the components. In gel permeatismall
constituents are retained in inter shell spacepooes while
large size components emerge first. Exammhetude gel
permeation (GP), ion exclusion and molecular sieve
chromatography.

(v) Electro Chromatography: Methods under this category are
often classified as electrophoretic techniques. In such
separations, the difference in mobility of differeons when
an external potential ispplied. Examples include zone
electrophoresis, boundary layer electrophoresisytam
chromatography and capillary electrophoresit atl the
chromatographic techniques available, GC arfeL® are
used more often for routine analysis of iemmental
samples.
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3.3.1 The Use of Gas Chromatography (GC) in Analys

With GC, it is possible to separate a very comphexture containing up
to 200 or more related compounds, using eithertjgartor adsorption,
with very small sample sizes. It is similar to liquid-liquid
chromatography excephat the mobile liquid phase is replaced by a
moving gas phase. The stationary phase may beadiguid.

Flow Meter

Injector Septum
block D/ / Detector
[] Amplifier

Pressure |
control
OVGT Data Output
//
/

Columm— | Chart trace
Fig. 8: Diagram of a Gas Chromatograph
Source: D. Harvey, 2000 (Modified).

The sample for GC analysis must be able to exighengas phase, so it
may be applied to volatile materials only. Thusn4polar substances
are easier to handle thgolar materials; ionic materials cannot pass
through a GC. For polar substances like alcohalsines, free fatty

acids and phenols, derivatisation may be required.

Ph—-OH + Cl-SiMe; — Ph— O - SiMg + HCI
Phenac Trimethylsilyl Phenyltimethylsily
chloride ether

The carrier gas, from a high-pressure cylinderhelium, nitrogen,
hydrogen or argon. The choice depends on factars as availability,
purity, consumption and type of detector.

Until recently, GC analysis was handled using pdat@umns in which
the stationary phase is a liquid that has beeredoaih an inert granular
solid called thecolumn packing (held in borosilicate glass tubing).
More recently, however, the borosilicate glassnghpacked columns
are being replaced by fused silica or quartzlleap columns. The
column is installed in an oven with the inlet atted to a heated injector
block and the outlet attached to a detecRyecise and constant
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temperature control of the injector blockyem and detector is
maintained. Stationary phase material and condemitacolumn length
and diameter, oven temperature, carrier gas flavasdetector type are
the control variables.

Sample solution is wusually introduced usingmacrosyringe with

hypodermic needle inserted through a sellirgasilicone rubber

septum. The sample is smoothing injected into deldemetal block at
the head of the column. Modes of placing samplds tre column can
be bysplit injection or gplitlessinjection. Manipulation of the syringe
is an art developed with practice, and the aino ismtroduce the sample
in a reproducible manner. The temperature of tingokaport should be
such that the liquid is rapidly vaporised withouther decomposing or
fractionating the sample. A useful rule of the thuisi to set the sample
port temperature approximately to the boiling pahthe least volatile

component. For greatest efficiency, the smallessitate sample size (1-
10 0 L) consistent with detector sensitivity should lsed.

In GC sample analysis, interferences may arise fcomtamination of
samples, chromatograph improper functioning andtmmeasures that
may manifest inform of septum bleed, column blead ghost peaks
manifestation.

Gas Chromatograph Detectors

The function of a GC detector is to sense and medake small amounts
of the separated components present in #relec gas leaving the
column. The choice of a detector will depend oatdes such as the
concentration level to be measured, the pataf the separated
components and the properties of the detectorhegl. sensitivity, good

linearity, stability and response.

a) Hot-wire director (HWD) : This is also known as ththermal
conductivity detector (TCD) or katherometer. It is the oldest
GC detector. Due tds inherentlylarge volume, low sensitivity
and contamination problems, it was long dismissedrasuitable
for capillary systems. It is universal in its agpliions.

b) Electron capture detector (ECD) This usually used for the
analysis of compounds that have high electron iifg1such as
chlorinated pesticides, drugs and their metaboliiéss detector
is somewhat selective in its response, bdiighly sensitive
towards molecules containing electronegative groiyadogens,
perozisdes, quinines and intro groups. It is ingeestowards
such functional groups as amines, alcohols, anddcgtbon

C) Flame ionization detector (FID)Y This more or less universal
detector is widely used because of its high se#isitto organic
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d)

f)

9)

carbon-containing compounds. It is perhaps the ma$tly used
detector for GC. Its advantages include: (i) ifoawds to virtually
all organic compounds with high level of resoluatiqii) it is
resistant to common carrier gas impurities suchressstant to
common carrier gas impurities such as water andocar(iii) it
has a large linear responds range and excelleetibastability;
(iv) it is relatively insensitive to sthacolumn flow-rate
fluctuations during temperature programming) {vis highly
reliable,ruggedandeasy to use; and (vi) it has low detector dead-
volume effects and fast response. Its two majoitditmons are: (i)
it gives little or no response toon-combustiblegasesand all
nobles gases; and (ii) it is a destructive detetttar changes both
the physical and chemical properties of @am analyzed
irreversibly.

Photoionization detector (PID) Photoionization occurs when a
molecular species dissociates into a parent i@haamelectron
upon interaction with UV light.

Mu M"+¢

The PID detects organic and some inorganiecisp in the
effluent of a gas chromatograph with a detectiomtlias low as
the pictogram range. The PID has a high sensifiyiiw noise
and an excellent linearity. It is non-destructiviel zan be used in
series with a second detector for more selectivectien. PID
can be operated as a universal or selective detbgt simply
manipulating the photon energy of the ionizatioarse.

Mass spectrometer (MS) Mass spectrometers can serve as
detectors when coupled to a GC. The MS combineslbiigy to
detect a wide variety of compounds with tbapability of
deducing compound structures from fragmentagu@iterns or
mass spectra. The computer (for recording)tatns and can
search a library of known mass spectra to ider@htatively an
unknown compounds are used for confirmation aféstative
identifications are made.

Fourier Transform Infrared Spectrometers (FT-IR): Like the
MS, FT-IR is also an independent instrumeitich can be
coupledto a GC to serve as a detector.

Thermionic detector. This particularly responds to compounds
containing nitrogen or phosphorus
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3.4 High-Performance Liquid Chromatography (HPLC)

Although GC is widely used, it is limited to sanpléhat are thermally

stable and easily volatilised. Non-volatile sampksch as peptides and
carbohydrates, can be analysed by GC, but onér #fiey have been
made more volatile by a suitable chemicativdéisation. For this

reason, the various techniques included witthie general scope of
liquid chromatography are among the most commomslgduseparation

techniques.

In HPLC, a liquid sample, or a solid sample disedhin a suitable
solvent, is carried through a chromatographic coldoy a liquid mobile
phase. Separation is determined by solute/staljeplaase interactions,
including liquid-solid adsorption, liquid-liquid partitioning, ion
exchange and size exclusion, and by solute/molbidese interactions. In
each case, however, the basic instrumentatiorsenéally the same. An
HPLC typically included two columns: the gilacolumn and an
analytical column.The guardcolumn is an inexpensive column placed
before the analytical column (a more expensivelrool), protecting it
from contamination and damage, while the analytadlmn does the
separation. In HPLC, the stationary phase is adidim coated on a
packing material consisting 8100 m porous silica particles.

Solvent proportioning valve

Solvent proportioning valve l
.0

Pump Pulse

\ damper %

Ao

Guard

Detecto Record

Fig. 9: Diagram of a High-performance Liquid
Chromatograph
Source: D. Harvey, 2000 (modified).
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The stationary phase may be partially soluinlethe mobile phase,
causing it to “bleed” from the column over time. pevent this loss of
stationary, it is covalently bonded to the silictmles by reacting the
silica particles with an organochlorosilane (SigGHRCI).

The elution order of solutes in HPLC is governedpiojarity; the least
polar solute spends less time in the polar statyophase and is the first
solute to elute from the column. Retention tinkesa normal-phase
separation are controlled by selecting the molilasp, with a less polar
mobile phase leading to longer retention §mé a reverse-phase
separation, however, the order of elution is resers

As with GC, numerous detectors have beeneldped for use in
monitoring HPLC separations. To date, the most HEk@ctors are not
unique to the method, but are either stand-alosteuments or modified
versions of the same. The most popular ones aidrepeopic detectors
(e.g. UV /visible absorption and fluorescen@)d electrochemical
detectors (such as amperometry, voltammetry, coetigm and
conductivity based detectors). A refractive indetedtor is sometimes
employed as a universal detector.

SELF ASSESSMENT EXERCISE 2

1. Explain the term “chemical derivatisation” asafiplies to GC
analyses. Advance two reasons why it is necessary.

2. List five detectors that are used in GC analysis

3. With reasons, state the detectors you would taidogarrying out
a GC analysis of the following: Peptides, @hlordane, (c)
Gaseous hydrocarbons, (d) Mercaptans, (e) Carbateglr

4. List three advantages and two disadvantagekwiefionization
detector (FID) as a GC detector.

4.0 CONCLUSION

Qualitative and quantitative identification d@horganic and organic
species in a given matrix have become eadmster and more
interesting because diie availability of the state —of —art instrumental
techniques of modern days. Apart from their applications by
environmental chemistry, such instrumental techesgave found wide
acceptance and applications in clinical asialy consumer goods
characterization and petroleum products analysis.
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5.0 SUMMARY

In this unit, you have learnt that:

Levels of heavy metals in a sample can bdilpdoby such
instrumental techniques as AAS (FAAS and GFRAARAA,
EDXRF and ICP-MS.

Chromatographic techniques are well suited fa éimalysis of
organic compounds in particular.

6.0 TUTOR-MARKED ASSIGNMENT

1. Briefly explain the following modes of samplgeiction in a GC
analysis: (a) Split injection, (b) Split less injeo.

2. With respect to interferences in GC angl]ysexplain the
following: (a)Septum bleed, (b) Column bleed and &host
peaks.
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