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INTRODUCTION

One of the most important functions \Water Quality Management and
Pollution Control is to expose you to the importance of water quatit
terms of its ability to meet designated uses. Sdveatural and
anthropogenic activities introduce contaminants paollutants into the
aquatic environment. These must be controlled evemted in order to
keep the water in good quality to meet current famther human needs.
In this course, you will be introduced to the diéfet topics necessary to
manage water quality and control aquatic pollution.

WHAT YOU WILL LEARN IN THIS COURSE

Welcome to AFM 510 Water Quality Management and Pollution
Control. You are beginning a course on water quality mamamnt and
pollution control. The course consists of 15 studits. Your study time
for each unit will vary from one to four weeks. Bastudy unit contains
a number of self-assessment exercises which helpsosassess your
progress as you work through each topic. At the ehaach self-
assessment exercise, you may have to relate youreaperience to the
topics discussed. It is advisable that you thinkyweell about these
guestions. You are requested to apply the matgriahave read to your
experience in your community, local government aségte or country.

All the questions are discussed in the final und &utorials. Some of
your recommended textbooks are written by non-Negs: You will
therefore, judge whether all or some of the mategantained in them
apply in the Nigerian environment. Your opinion én@s important as
there are various answers to these questions. Yiblearn some new
terms and expressions during the course of theystddu will also
come into contact with new ideas, which may help gonsider water
guality management and pollution control in Niger@ontext from an
entirely different perspective.

The study units, references, materials recommeifateflirther reading
and exercises will help you master the topics aveeriod of about 18
weeks. Before looking at study units or your textksy you should read
this course guidéhoroughly. It tells you:

. The aims and objectives of the course

. What the course covers

. The components of the course

. The amount of study time you need to cover tloairse
successfully

. How your performance in assignments and the exaton will

be assessed
. How the tutorial system works.
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You will probably need to refer to this Course Gaithroughout the
course to clarify important points about studyinghvthe National Open
University of Nigeria (NOUN).

COURSE AIMS

Water Quality Management and Pollution Control aims to provide you
with the basic introduction to the composition oater bodies, water
chemistry, nutrient cycling in aquatic environmentbiological
characteristics of natural and polluted water, dalgpmethods, the
management of selected marine, brackish and freghrsy framework
for water pollution control and the methods of wafeollution
prevention and control. At the end of each unit ya expected to
answer the questions posed and submit them a®fogour continuous
assessment. Do take each study unit seriously anthpugh them
diligently. Each unit should take about one hohirty minutes to read,
though you will require more time to write the gssnents. | do hope
you will enjoy the course. At the end of the ceuvge shall be able to
explain water, different characteristics of watemater quality
management and pollution control. Relevant examples used to
illustrate certain issues.

COURSE OBJECTIVES

On completing the course, you should be able to:

. define and explain the contents and chemistry déwa

o discuss the biological and ecological charactedgsaf polluted
water

) explain the effects of pollutants on fish, planktbenthic macro
invertebrates, algae and water quality

. explain the clean-up and control of specific palhus

) explain the framework for water pollution control.

There are five modules of 15 unitsin this cour se;

Module 1

Unit 1 Physical Composition of Water Bodies

Unit 2 Water Chemistry

Module 2

Unit 1 Nutrient Cycles

Unit 2 Impacts of Human Activities on Nutrient dgs

Unit 3 Biological Characteristics of Water
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Module 3

Unit 1 Sampling Methods

Unit 2 Sampling for Specific Water Quality Partars

Unit 3 Management of Selected Marine, Brackish dfrésh
Waters

Module 4

Unit 1 Framework for Water Pollution Control

Unit 2 Water Quality Standards

Unit 3 Water Quality Monitoring

Unit 4 Clean Up and Control of Specific Pollutants

Module5

Unit 1 Chemical, Mechanical and Biological Methodsf
Improving Water Quality

Unit 2 Biological and Ecological Characteristics Bolluted
Waters

Unit 3 Effects of Pollutants on Fish, Plankton,nBec Macro

Invertebrates, Algae and Water Quality

In this course, you will understand that water guaand pollution

control are important to man and other living oligars to successfully
adapt to life on earth and be able to carry outegjlired activities. For
the fisheries and aquaculture sectors, these tiesiviefinitely require
adequate water both in quality and quantity.

There are adequate tutorial hours designed totagsis Try to take a

full advantage from tutorials you need to be uplate with your study.

Tutorials are not lectures but are designed tonaljpoup discussions
and inputs. You get the most from a tutorial segsibyou contribute

your ideas and opinions. Tutorials do not assatlers when they make
no input. Your tutor will lead discussions and regdur help to make
sessions successful.

The course calendarovides an overview of the course. It suggests the
amount of time you should use to complete the umiid helps you to
plan your study schedule. It can be adjusted tgdur personal needs
more closely.

The time needed to complete the study units, wiarugh the practice
exercises and assignments, and complete the otiv&rimvolved in this
course depends on your analytical ability and bemkgd. You need to

Vi
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plan your own study schedule carefully. The estaddime you need to
spend on this course is about 10 hours per wedk. edtimate includes
time for reading the study units and studying #adliooks, completing
self-tests and practice exercises, completing y@ssignments,
undertaking the suggested reviews, attending taltoand preparing for
your final examination.

You must complete and hand in your written assigrnmen time.
Therefore, you need to plan and distribute youdstime accordingly.
There are four assignments altogether to be maokegbur tutor. The
best three out of the four will be counted towaydar assessment. You
can find more information on assignments in a laection of this
course guide.

COURSE MATERIAL

In addition to this course guide, there are thdo¥ahg important
components of the course. At this time, pleaserengwat you have all
of these materials available and can identify tarous components in
the course; if you do not have the NOUN producedensls, you
should contact your study centre immediately. Téheltooks, however,
are your own responsibility. These can be obtainech the academic
and professional book centres.

STUDY UNITS

Although we have recommended the amount of time sfmwld spend
on each study unit, you may prefer to study madtdanaa slightly
different way. There is provision to detour frometipattern of the
course, but you must complete the practice exexcmsesignments and
examination successfully. The course is structwsedthat each unit
builds upon previous knowledge. Each unit inclu@dsleast seven
different ways to help you studWater Quality Management and
Pollution Control. These are:

1 Reading the study unit.

2. Reading the textbooks recommended journall@stic

3 Testing your comprehension and analytical skidly working
through the self- test Questions which appearsutiirout the
units.

4. Undertaking the activities that appear throughbe units. These
activities will ask you to think, observe, or undake some
activities designed to help you apply your knowkedg your
own experience.

5. Completing the practice exercises in each unit.

vii
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Preparing and writing problem-solving assigntnen

Asking you questions about your own experien¥esir answers
help you link your experience to the course maltesiad to
Nigerian environment.

NOo

You must read each unit carefully. It provides anomentary on the

textbooks and introduces you to additional matelialou don't read the
study units carefully, you may miss important imhation. Your study

notes are designed to guide you through your tektfoYou must read
both the study notes and the texts. They are netnaltives to each
other. It is helpful to read as widely as possilile; to read articles in

newspapers and journals, other books on the temd, related cases.
The more you read, the better your appreciation w@amderstanding of
the subject will be.

Each unit directs you to read specific pages frovapters in textbooks
or journals. You are expected to study and undedstiae principles and
concepts involved. Each unit contains self-testsgae, usually short
ones, providing a test on your understanding @fcairtique or principle
you have just read about. By attempting these shogstions, you will
have instant feedback on your progress. You shatiempt to answer
all the self-text questions before looking at timsveers. This will help
you to prepare for your assignments and examination

At the end of each unit there is one practice ageravhich covers all

areas you have studied in that unit. It is impdrtancomplete all the

practice exercises. This will expose you to theesypf questions you
will be required to answer in assignments and iar fmal examination

and also introduce you to some problems encounteredusiness,

organisations and real life-situations. The questieflect the demands
of the unit objectives; they are designed to hedp ynderstand and
apply those principles covered in the unit.

SET TEXT BOOKS

There are no compulsory textbooks for this course.
Read as many textbook /journal articles on the subject as possible.

ASSIGNMENT FILE
Assignment questions for the units of this counse @ntained in the
section of the course materials entitled assignrilentYou are required

to complete your assignments and mail them togetvidr a tutor-
marked assignment (TMA) form to your tutor.

viii
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COURSE ASSESSMENT
Your assessment for this course is made up of tmgponents:

o tutor-marked assignment (TMAS)
. a final examination.

The practice exercise is not part of your assessarit is important to
complete all of them.

TUTOR-MARKED ASSIGNMENTS

This course has assignments at the end of eachwimih you will find
in your Assessment File with detailed instructi@mshow to complete
them. Your tutor will mark and comment on them. R#gntion to the
feedback and use it to improve your other assigtsnen

You will see from the course time table the dawsubmit in your

assignments. The marks for the required TMAs ardttst three out of
four will be recorded and count towards your fingrk for the credit

for this course. Presently, the university has &elbglectronic e-TMA

which comprises eighty multiple or objective quess since 2009/2010
session.

You can write the assignments using the matenal® fyour study units
and textbooks. But it is preferable in all degreeel education to
demonstrate that you have read and researched \mdety than the
required minimum. Using other references will giyeu a different
viewpoint and a deeper understanding of the subjut do
remember that copying from any sour ces without acknowledgement

is plagiarism and is not acceptable. You must make reference when
you refer to or quote from others' work. The minimunformation
needed is: author's name, date of publicatiow, ttlition, publisher and
place of publication.

The nature of the assignments varies, but they albyroonsist of either
casestudies or questions relating to the cases, short essays or short
answer questions. It is useful to illustrate angotietical points with
examples from your own experience. This allows yowemonstrate
your understanding of the application of theoryréal life situations.
Below are the total marks allocated to the assigrsnand to your final
examination:

Title Value
TMA 30%
Exam 70%

100%
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FINAL EXAMINATION AND GRADING

There is a three-hour examination at the end sf¢burse. Use the time
between finishing the last unit and the examinatmreview the whole
course. Review your practice exercises and assigisnaad your tutor's
comments on them before sitting for the examinatigou will be
advised of examination arrangements after you segdur examination
registration card.

The final examination for AFM 510 covers informatityom all parts of
the course and has the same format as the speexaemnation paper,
which will be discussed in the half-day school. Bxamination will not

contain "trick" questions or questions that trycanfuse you. That is,
not consistent with the open approach, the NOUN raggh is

difference. To earn a passing grade for the coyosemust submit at
least three TMAs and attain a passing grade (i.éeast score 40) on
these anan your final examination.

TUTOR AND TUTORIALS

Your tutor marks and comments on your assignméees) close watch
on your progress and on any difficulties you ent¢eyrand provide you
with assistance. Assignments should be mailed cordlence with the
cour se calendar. They will be marked by your tutor and returnegoo
as soon as possible.

It is a good idea to keep a copy of all the assigmyou send to your
tutor for marking. The copies will prove useful,osld you wish to

make reference to them during telephone conversatior if they are

lost in the mail.

Do not hesitate to contact your tutor by telephibryeu need help. Here
are typical circumstances in which help is necgssaontact your tutor
if:

. you do not understand any part of the studysumitthe assigned
readings

. you have any difficulty with self-tests or priaets exercises

. you have a question or problem with assignmewith your

tutor's comments, or grading on an assignment.

Tutors have complete authority on two points. Fitsty are responsible
for the grade you receive on assignments. If ysaghee with a mark,
discuss it with your tutor. Second, they alone dedf you may or may
not rewrite an assignment.

X



AFM 510 COURSE GUIDE

To assist you in this course, regular tutorials emganised with your
assigned tutor. Very interesting activities areiglesd for the tutorials.

They also give you an opportunity to sort out argbtems. You will be
notified of their dates, times, and location, tbgetwith the name and
phone number of your tutor, as soon as you areako a tutorial
group. We strongly recommend that you attend thetwials and the
half-day school. They provide considerable assigan your study of
this course and improve your chances of gainin@ Inigirks. They also
let you meet other learners studying through théJNO

Tutors are required to start tutorial day schosksms on time. If a tutor
fails to turn up 30 minutes after the scheduledtiata time, students
may assume that the session is cancelled and tloeydsreport the case
to the course coordinator so that a make-up sessioibe arranged.

CONCLUSION

AFM 510 Water Quality Management and Pollution Control is a subject
that should interest anybody who is interestedhéenduality of water for
designated uses such as aquaculture and fisherdigeria or any Third
world country of Africa and Asia. The course ha®ré#fore, been
designed to help you as a student of Aquaculturd B&isheries
Management understand the complex problems of wataality
management and pollution control. It requires botmceptual and
analytical skills. You must analyse and apply cgiedo understand the
nature of water quality, pollution, effects on au@rganisms and the
means to control, clean up and protect the ageattconment.

Hopefully, you will find it fun, interesting and eIl as a student,

administrator or a policymaker (or potential onejerested in the
development of your country. Good luck, and enjog/ ¢ourse.

Xi
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MODULE 1
Unit 1 Physical Composition of Water Bodies
Unit 2 Water Chemistry

UNIT 1 PHYSICAL COMPOSITION OF WATER BODIES

CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Content
3.1  Structure and Physical Properties of Water
3.2 Unique Properties of Water

4.0 Conclusion

5.0 Summary

6.0 Tutor—Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

In this unit, we shall discuss the structure angspial properties of water,
its unique properties that differentiate water frother liquids.

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

. discuss the structure of the water molecule
J mention the properties that give water its uniq@hdviour that
differs from other liquids.

3.0 MAIN CONTENT

3.1  Structure and Physical Properties of Water

Water (dihydrogen monoxide) covers over 70% ofaheh’s surface. The
hydrosphere (water from all sources on earth) ¢osmtabout 1.36 billion
cubic kilometres of water mostly in the form ofdid. Water is essential
for life on earth and is found in all living orgams.
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Water molecule contains two atoms of hydrogen bocmdalently to one
atom of oxygen. The two hydrogen atoms are attatbexhe side of th
oxygen molecule giving it unique electrochemicabpartie. The side
containing hydrogen atoms is positively chargedlevthe side dominate
by oxygen atom is negatively charged (see figureThere are stron
forces of attraction between different moleculesvater. The polarity o
the water molecule makes ter a powerfukolventand also gives strong
surface tension

Fig. 1: The Structure of a Water Molecule. O Represnts Oxygen while
H Represents Hydroger(Pidwirny, 2006)

Water exists in three stat- solid (ice), liquid (liquid water) and gas (ste
or water vapour). It can change from one statenwotreer. When wate
changes its state, molecules rearrange themselviésredtly. The
molecular arrangement of ice leads to increaseliame but a decrease
density. Water expands when frozen and mes less dense or light
causing ice to float on liquid water. Ice molecudegange themselves in
very orderly manner but steam or water vapour mudéesc are highl
charged with little bonding between molecules (Ridw 2006)

3.2 The UniqueProperties of Water

a. Water has high specific heat capacity.The specific heat capaci
is the amount of energy required to raise the teatpee of water b
1°C. Water can absorb large amounts of heat befueeasing ir
temperature and also releasheat slowly while cooling. Thi
property allows the moderation of the earth’s ctenand help:
organisms to regulate their body temperatures. WWeda transfe
heat from places of high temperature to thosewftemperature e.(
from equator or tropicto the Poles.

b. Pure water has a pH of 7 indicatingneutrality (neither acidic nor
basic). The pH of water changes due to its conténtlissolvec
substances. Rainwater is naturally acidic havipgiaf 5.6 becaus
it contains dissolved carbon dioxic
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C. Water conducts heat more easily than other ligaitseept mercury.
This gives large bodies of water almost uniformticat temperature
profiles.

d. Water exists as a liquid over a wide range of temajre (O-

100°C).This means that water remains a liquid irstnparts of the
world and can sustain living organisms.

e. Water dissolves many substances and is callatiersal solvent
because it interacts easily with polar substarM&ger can transport
dissolved nutrients in runoff, infiltration, groumdter and within
living organisms. This is also why water can cadifferent
impurities and dissolved pollutants. Water does dissolve oil
because oil is not polar. Water mixes easily wigitls like ethanol
forming homogenous liquid. However it cannot mixttwpil but
forms layers depending on density. Water vapourptetaely mixes
with air.

f. Water has &high surface tension.This makes water molecules
adhesive sticking to surfaces; molecules stickaggether ¢ohesior)
in drops due to hydrogen bonding rather than spmgadut over a
surface as a thin film. This property allows wdtestick to sides of
vertical structures despite downward pull by gngvibrmation of
water droplets, waves, movement of water and migi&om roots
to the leaves of plants, circulation of blood indles of animals
(capillary action).

g. Changes in states of water lead to massive hedtaages re-
distributing heat around the world majorly throwsraporation and
condensationof water. Molecules of water take up heat fromrthe
surroundings during evaporation thereby coolingsiindace but lose
heat to the environment during condensation.

h. Water expands on cooling and occupies more voluindas a
maximum density at 4°C.Water is the only substamd®ose
maximum density does not occur when frozen or g@dl This
property is calledinomalous behaviouof water.

I. Pure water has no colour, odour or taste. Thesanaparted by
dissolved substances in water. Water can be splitydrolysis into
hydrogen and oxygen atoms.

J- Elements which are more electropositive than hyenogisually
replace hydrogen in water forming oxides. e.g. iwwod calcium,
lithium, potassium and caesium.

4.0 CONCLUSION

Water behaves differently from other liquids as penature increases or
falls. This is described as the anomalous behawbuwrater. Water has a

3
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high heat capacity, exists in three different state solid, liquid and gas.
The various unique characteristics of water allbes propagation of life on
earth.

5.0 SUMMARY

In this unit, we discussed the structure of watihydrogen monoxide)
molecule and the unique properties of water thi¢mintiate it from other
liquids. The unique characteristics allow life cartd and the regulation of
the climate.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe the molecular structure and physical ptagseof water.
2. Explain the unique properties of water that diffégrges it from
other substances.

7.0 REFERENCES/FURTHER READING

Alekin, O.A. (1970). The Fundamentals of Water Clstm. In: Types and
Properties of Water, Vol. II. Water Chemical Composition of Rivers,
Lakes and Wetlands (Nikanorov, A.M. & Brazhnikoizay.).

Pidwirny, M. (2006).Physical and Chemical Characteristics of Seawater.
Fundamentals of Physical Geography (2nd Ed.). Assmeon 9th
February, 2013. http://physical geography.net/funelatals/8p.html

www.marinepolicy.net (accessed 9th February, 20T®eanography 5
Properties of Water.pdf

Bertoni, R. (2011). “Limnology of Rivers and LaKe&ncyclopedia of Life
Support Systems. UNESCO-EOLSS.2011.pdf
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UNIT 2 WATER CHEMISTRY
CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1  Water Chemistry
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Natural waters have many substances dissolved em tBuch as ions,
dissolved gases, organic matter and others (Nikamand Brazhnikova,
2013). These dissolved substances influence thmichkecharacteristics of
water. In this unit we shall discuss some of thessracteristics of natural
water.

2.0 OBJECTIVE
At the end of this unit, you should be able to:
) state the chemical composition of natural water.

3.0 MAIN CONTENT
3.1 Water Chemistry

a. lons or mineral elements

These are dissolved minerals in water mainly preasrmacro and
micro minerals. Macronutrients constitute about 9%%highly
mineralised waters while micronutrients occur onlgder some
conditions in trace quantities. The quantities oherals in water
depend on their abundance in the water shed (lemahd the water
body) and their solubility in the water.

Anions in natural waters include chloride jGind sulphate (S)
while cations are calcium (€3, sodium (N&), magnesium (M%)
and potassium (K. Hydrocarbonate (bicarbonate, HEOand

5
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carbonates (C§)) are present in natural waters in equilibrium with
carbonic acid and dissolve from rocks like limestodolomite and
magnesites. At pH 7-8.5 the bicarbonate ion doremaiut is close
to O at pH less than 5. Carbonates dominate inrvetpH greater
than 8. The bicarbonate or hydrocarbonate ions frarhonates with
calcium ions which is less soluble.

b. Phosphorus

Phosphorus is present in natural waters in disdobsed colloidal

forms depending on the pH of the water. Phosphocasirs in very

low concentrations due to low solubility of its cpounds and

intensive consumption by living organisms. Increagee caused by
human activities

C. lons of hydrogen

These are hydroxyl (OMand hydrogen (H ions. They result from
the electrolysis of water. The reactions in watee aormally
expressed according to the hydrogen ions. WhenspH the water
is neutral, less than 7 is acidic and greater thhasic or alkaline.

d. Dissolved gases

Dissolved gases in water are nitrogen (N), oxydes),(and CQ)
and make up about 99.9% of dissolved gases in wé&irygen
produced during photosynthesis is involved in mosactions
occurring in water. Other gases include methanérdgen sulphide.
These gases result from volcanic activity, degassihthe earth’s
mantle ( supplies oxides and dioxides of methaadyan, ammonia
(NHs3), hydrogen sulphide (%), hydrogen, hydrogen chloride,
sulphorous gas) in natural waters. Thunder storsch@irges nitric
oxide while anthropogenic activities increase satpk gas, vapours
of iodine, ammonia and carbonic oxidéln-ionised hydrogen
sulphide (HS) is very toxic to fish and may also cause sloongin
of fish. Detectable concentrations of hydrogen Isidlp are
considered detrimental to fish production (Boyd31Q

Nitrogen occurs in natural water as inorganic igasmmonium-
NH,", ammonia-NH, nitrite -NGQ’, and nitrate —N@) and organic
compounds like amino acids, protein, their metabolastes;
products of plant and animal decay. They are ptagsesuspended,
dissolved and colloidal forms. Conversions occurttha forms of
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nitrogen in water e.g. ammonia is converted undeidising
conditions to nitrite and nitrate.

Dissolved oxygen analysis measures the amountsgoges oxygen
(O,) dissolved in an aqueous solution. Oxygen diffusgés water

from surrounding air, by aeration (rapid movemehnivater), and as
a product of photosynthesis. The dissolved oxygewater should
not be less than 5mg/l in farms for salmonids laup@nd tilapia can
withstand 3-4 mg/L DO. Warm water fish can withstaas low as
1mg/l but prolonged exposure leads to slow growdissolved

oxygen is expressed as a concentration (in mgi_asopercentage
saturation(an expression of the proportion of di@xboxygen in the
water relative to the maximum concentration of atyghat water
holds at a particular temperature, pressure, alirdtga The amount

of dissolved oxygen in water depends on the waterperature.
Warm water absorbs less oxygen than cold water.

e. Biogenous substances

These are substances connected by their originwtdhactivities of

aquatic organisms. e.g. silicon, nitrogen, phosphorand iron.
Silicate materials are not very soluble in natwalters. They are
present in both dissolved and colloidal forms.

f. Soluble organic matter

These include, sugar, acids, humic acids, tanntamins, amino-
acids, peptides, proteins, plant pigments, urea amahy other
biochemical compounds.

g. Suspended organic matter

Colloidal clay, and coarse suspensions of soiliglad, colloidal or
suspended remains of organisms in various stageeady, living
phytoplankton, zooplankton, fungi and bacteria.

h. Electrical conductivity

Electrical conductivity is the measure of the &pilof water to
conduct an electric current. It depends on the rarnd ions or
charged patrticles in the water, and is measuregalsging a current
between two electrodes (a known distance apart)atteaplaced into
a sample of water. Electrical conductivity is exgs®d in micro
Siemens per centimetree§/cm) or milli Siemens per centimetre
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(mS/cm) and provides a direct indication of disedivonic matter in
the water. Low values characterise high-qualitw-lautrient waters.

High values of conductance indicate salinity praidebut also are
observed in eutrophic waterways where plant nuisiare in greater
abundance. Very high values are good indicatoposesible polluted
sites. A sudden change in electrical conductivity mdicate a direct
discharge or other source of pollution into the ewatHowever,
electrical conductivity readings do not provideoimhation on the
specific ionic composition and concentrations i Water.

I Ph

The pH of water is the concentration of hydrogemsjexpressed as
a negative logarithm. It shows the acidity or atk#y of water. At a
pH of 7, water is neutral; lower pH levels indicatereasing acidity,
while pH levels higher than 7 indicate increasitiganity. At high
or low pH, toxicants may become more or less albdlan water
which may be toxic to aquatic organism$ieTacid death point of
organisms is at pH 4 while the alkaline death pasnpH 11. The
desirable range for fish production is 6.5-9.0 aylieak (Boyd,
1981).

J- Salinity

Concentrations of ions in water and is usually egped in parts per
thousand (PPT, %o). Classes of salinity for waterfegsh water (less
than 5 %o), brackish water (from 5 %o to 25 %o), saliwater (from
25 %o to 36 %0), Super-saline (or hyper-saline) wéteeater than 36
%o, more saline than seawater).Open ocean saligtegenerally in
the range between 32 %0 and 37 %o.

K. Temperature

Water temperature regulates various biochemicattima that
affect water quality. Heat sources and sinks tcatewbody include
incident solar radiation, back radiation, evapeeatiooling and heat
conduction, thermal dischargers (e.g. cooling wdtem power
plants), tributary inflows and groundwater discleardgince the
solubility of dissolved oxygen decreases with iasieg water
temperature, high water temperatures limit the lakdity of

dissolved oxygen for aquatic life.
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Turbidity

Turbidity is a measure of the clarity of a watedolt is an optical
measurement that compares the intensity of lightteed by a
water sample with the light scattered by a standafgrence
suspension. Turbidity is caused by suspended aloidad matter
e.g. clay, silt, finely divided organic, inorgamuatter, plankton and
other microscopic organisms. It is commonly recdrd@n

nephelometric turbidity units (NTUS)urbidity restricts light
penetration and limits photosynthesis.

m.  Total suspended solids (TSS)

Total suspended solids (TSS) is the portion ofl eddids in a water
sample retained by a glass fibre (GF/C) filter ofgpsize >2um.
Once the filter has been dried at 103-105°C andylvesi, the
amount of total suspended solids is recorded itsfiimg/L.

n. Volatile suspended solids (VSS)

Volatile suspended solids (VSS) is the portion ahlt suspended
solids (TSS) lost on ignition (heating to 550°Q)gives an idea of
the amount of organic matter present in the sofi@ction of

wastewater, activated sludge or industrial wastes.

4.0 CONCLUSION

Several substances such as ions of metals, gadesuapended solids are
present in water. These substances change thectdrestics of water from
its pure form. The different aspects of water clatimiare important in
determining the quality of water which is the habifor fish and other
aguatic organisms

5.0 SUMMARY

In this unit, we discussed the characteristics atew such as dissolved
gases, metals, suspended solids. It is necessamynderstand water
chemistry as this affects the ability of water &v& as a good habitat for
fish.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss five parameters that can be used to descratural
waters.
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1.0 INTRODUCTION

Living organisms require several nutrients eitlmetrace or macro amounts
for growth, maintenance, production and reproductibhe atmosphere
contains about 78% nitrogen though this is notatliyeusable by living
organisms. Nutrient cycles describe the procestedar-conversions that
occur in nature. These transformations can occertadiiological and non-
biological processes. In this unit, we shall disctise nutrient cycles as
they occur in the aquatic environment.

2.0 OBJECTIVES

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

discuss the processes of the nitrogen cycle

discuss the carbon cycle

discuss the phosphorus cycle

discuss the iron cycle and silica cycle in aguatiosystems
discuss the sulphur cycle in aquatic ecosystems.

11
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3.0

MAIN CONTENT

3.1 The Processes of the Nitrogen Cycle

Many forms of nitrogen are present in the environtm&uch as organic
nitrogen, ammonium (NF), nitrite (NO,), nitrate (NQ), and nitrogen gas
(N2). Microorganisms are involved in many of the pssms either to
produce energy for their own use or to accumuldategen for growth.

a.

12

Nitrogen fixation

During nitrogen fixation, atmospheric nitrogen isneerted to
ammonium by lightening or by the activities of naiorganisms.
Free-living bacteria such &yanobacteria, Azobacter; or symbiotic
bacteria (e.g.Rhizobium species) also fix nitrogen. The bacteria
change atmospheric nitrogen to ammonia and therorg@anic
compoundsRhizobium spp inhabit the root nodules of leguminous
plants (e.g. peas or cowpea). The bacteria sharartimonia with
the host plant in exchange for carbohydrate andrantodation.

Small amounts of nitrogen can be fixed by otheuratactivities
such as forest fires and volcanic activities. Thegen is converted
to protein by the plant.

Ammonia is also fixed industrially using Haber-Bbsc
process. Under great pressure at 600°C, with intimgaas catalyst,
atmospheric nitrogen and hydrogen (from natural ayagetroleum)

are combined to form ammonia (MHor producing fertiliser and
explosives.

Assimilation

Plants absorb nitrogen from the soil as nitrateammonium ions.
Animals meet their requirements for nitrogen byirgpplants. The
nitrate absorbed by plants is reduced to nitrisntammonium ions
before conversion to amino acids, nucleic acids @nidrophyll. In

plants that have a mutualistic relationship wathzobium spp, some
nitrogen is assimilated in the form of ammoniumsiatirectly from

the nodules. Animals, fungi, and other heterotropbrganisms
absorb nitrogen as amino acids, nucleotides aner atimall organic
molecules.
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C. Ammonification (mineralisation)

Ammonification or mineralisation involves the consien of
organic nitrogen from dead plants and animals alabwic wastes
from animals and plants back into ammonium ions )y
bacteria or fungi.

d. Nitrification

This is the conversion of ammonium to nitrate kyifying bacteria.
Ammonium (NH") is oxidised to nitrite (N@) by Nitrosomonas
species whileNitrobacter species is responsible for oxidation of
nitrites to nitrates (N©). It is important for the nitrites to be
converted to nitrates because accumulated nittieesoxic to plants.
Ammonia and nitrite are toxic while nitrate is theast toxic.
However high nitrate concentration in drinking wateauses
methhemoglobinuria or blue baby syndrome. It maso add to
nutrient excess in receiving waters.

e. Denitrification

This is the conversion of oxidised forms (e.g. atés, nitrites) of
nitrogen to the gaseous forms dinitrogen or tosade extent nitrous
oxide gas (M N,O). This process is carried out by denitrifying
bacteria such a$seudomonas and Clostridium under anaerobic
conditions (without oxygen) though these bacteaa also survive
under aerobic conditions.

—NO; MQ —MNO  —0 N

Anaerobic ammonium oxidation

In this process, nitrite and ammonium are convedgdctly into
dinitrogen gas (B. This process makes up a major proportion of
dinitrogen conversion in the oceans.

f. Nitrogen mineralisation

After nitrogen is incorporated into organic matiecan beconverted
back into inorganic nitrogen by a process -calledrogen
mineralisation or decay. Whemganismdlie, decomposers (bacteria
and fungi) consume the organic matter during deasitipn. A
significant amount of the nitrogen contained in tlead organism is
converted to ammonium which can be used by plantsansformed
into nitrate (NQ) through nitrification.

13
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3.1.2 Importance of Nitrogen Cycle

Nitrogen is an essential component of importantsguires such amino
acids, proteins, and nucleic acids (deoxyribonacéaids and ribonucleic
acid). In plants, much of the nitrogen is used Imomphyll molecules

necessary for photosynthesis and growth. The psese$ the nitrogen
cycle are important to convert gaseous nitrogem fiotms that can be used
by living organisms.

3.1.3 Human Influences on the Nitrogen Cycle

1. Large scale growing of legumes, fertiliseredurction, pollution by
vehicles and industrial plants, have increasindignged nitrogen
into biologically-available forms.

2. Fertiliser application, burning of biomass,ebtock feed lots and
industry increase nitrous oxide {®) in the air. NO breaks down
ozone in the stratosphere,Min the atmosphere is a greenhouse gas
and contributes to global warming.

3. Increasing ammonia in the air decreases alitgulh is converted to
nitric acid (HNQ, a part of acid deposition. Ammonia is also toxic
in the aquatic system. Both ammonia and nitric atithe air cause
respiratory damage to living organisms.

4, Burning of fossil fuels, biofuel and hydrogemoguce nitrogen
oxides (NOx). NH and NQ are involved in lower atmospheric
ozone production.

3.2 Carbon Cycle

Carbon is needed for the formation of all organiatter. It is present as
carbon dioxide (Cg), bicarbonate (HC®), carbonic acid (HCOs) and
organic compounds in aquatic systems. The atmospired sedimentary
rocks are the major stores of carbon. Large amoftinairbon is present in
the aquatic system in form of organic and inorgazadbonates. Organic
forms result from biological and chemical breakdowh plants and
animals. Major inorganic forms are carbon dioxide¢carbonate and
carbonate. Dead plants and animals are broken dmwhiological and
chemical activities into inorganic carbon or cancbaverted to part of the
sediment after partial decay.

Exchange between carbon dioxide in the atmosphetavater produces an
equilibrium concentration of carbon in water. P&aabsorb inorganic forms
of carbon (e.g. carbon dioxide, @Cand in the presence of light convert
14
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them into organic compounds. Plants need carbonxid#io for
photosynthesis and get carbon directly from thebatrnon rooted aquatic
plants get carbon dioxide directly from the wate©, produced by plants
and animals during respiration is absorbed by whatgrif concentrations
are too high, water gives up carbon dioxide toatmeosphere.

Inorganic and organic forms of carbon can be exgbdrbetween sediment
and water. Carbonate rock stores carbon and whssolded, helps to

control the pH of salt and freshwater ecosystemngafic carbon is present
on the bottom of lakes and oceans. Biological dmehgcal breakdown of

the organic carbon adds carbon to the water col@mking of dead plants
and animals contributes carbon to the sedimentsiBgy of fossil fuels and

deforestation disturbs the carbon cycle.

3.3 The Phosphorus Cycle

Phosphorus is an essential nutrient for plantanalsi and plays a major
role in biological metabolism. Phosphorous is t&st abundant and most
limiting for biological productivity of a water bgd Phosphorus is present
in aquatic systems as inorganic phosphate ionsanazgmolecules like
sugars and DNA. Phosphorus forms in water are quéate organic,
dissolved organic, particulate inorganic and dgsslinorganic (see Figure
2 for aquatic phosphorus cycle).

The four forms of phosphorus interact where orgafoions may be
converted to inorganic forms by either chemicalbalogical reactions.
Inorganic forms can also be converted to organim$othrough biological
processes. Conversions from dissolved to partiewdat vice versa may be
through biological or chemical processes. All féorms can be used by
various organisms and converted into bodies oihdvbrganisms. The
primary biological function of phosphorus is in thermation of
nucleotides. Orthophosphate(BDis the only directly utilisable form of
soluble inorganic phosphorous.

The balance among the forms of phosphorus depengsipconcentrations
of metal ions e.g. calcium and aluminium; oxidaticeduction potential,
extent of stirring of bottom sediments and the @nes of pollution.
Interactions occur between the various forms ofsphorus in the water
column and those in the sediments. The release hobghorus from
sediments depends on the environment and the datitama of other ions
with phosphorus. For example, a large quantity ladgphorus is absorbed
in ferric hydroxides and oxides. A reduction in thedation potential (such

15
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as reduction in dissolved oxygen) in water causescf hydroxides an
ferric oxides to dissolve. Phosphorus is releasedthe process ar
increases in concentration in the water colt

Phosphorus is transported adsorbed (attached facssj or absorbe
(within the material) into soil particles ratherath in solution. Wher
intensive animal husbandry is practiced, P carobeih large gantities in
surface runoff or erosion into aquatic environmeBjgecialised symbioti
fungi, known as mycorrhizae, transfer P from inasdade forms to plant
and help to reduce leakage of P from the sys

Phosphorus from agriculture is the princ cause of eutrophication

water. Phosphorus is also contributed by sewageeets, animal an
industrial wastes, including phosphc-containing detergents al
atmospheric depositiolAfter death, organisms decay through chemice
biological processs.

Phosphateis extremely reactive and interacts widmymcations to forn
relatively insoluble compounds. A large proportioh phosphorous i
freshwaters is bound in organic phosphates. Totabsphorous i
freshwater ranges from < &@/L - > 100pug/L (in unproductive waters f
highly productive or eutrophic water respectivél{gst uncontaminate
freshwaters contain between 10 anduffl total phosphorus per liti

erosion streams, rivers, windblown sewage
and aerial deposition ~90% PO,*
~10% PO, 90% PP ~10% PP
Y
dead and mineral Water Column
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Fig. 2: Phosphorus Cycle— Major Transformations (Source: Horne
and Goldman, 1994 Limnology. McGraw Hill)
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3.4 Iron Cycle

The most common form of iron in natural waters igdrated ferric
hydroxide (Fe OK).Under low pH and low redox potential, ferrousniro
diffuses from the sediments and accumulates in rabae hypolimnetic
water of productive lakes. Iron is an essentialranatrient to freshwater
flora and fauna.

) Under restricted availability of iron, photosyntiegbroductivity can
be limited.
) Certain chemosynthetic bacteria can utilise theggnef inorganic

oxidations of ferrous salts in relatively ineffinote reactions
involving carbon fixation.

) Other autotrophic and heterotropic iron oxidisingcteria deposit
oxidised iron. These bacteria are restricted toegoof steep redox
gradients between reduced metal ions and oxygemadttst.

3.5 Sulphur Cycle in Aquatic Ecosystems

Sulphur is one of the components of proteins arndmins. Sulphur is

important for the functioning of proteins and enaain plants and animals
that depend upon plants for sulphur. Plants absoitphur when it is

dissolved in water. Animals will consume these fdaso that they will

take up enough sulphur to maintain their health.

Most of the earth's sulphur is tied up in rocks aaltis or buried deep in the
ocean in oceanic sediments. Sulphur can also bwlfouthe atmosphere. It
enters the atmosphere through both natural and muwuoarces. Natural
sources include volcanic eruptions, bacterial pses, evaporation from
water, or decaying organisms.

When sulphur enters the atmosphere through huntantycthis is mainly

a consequence of industrial processes where sulgioxrde (SQ) and
hydrogen sulphide (}$) gases are emitted on a wide scale. Sulphurd#oxi
in the atmosphere reacts with oxygen to produgehsultrioxide gas (S§),

or with other chemicals in the atmosphere, to pcediulphur salts.

Sulphur dioxide may also react with water to pradwulphuric acid
(H,SQO,). Sulphuric acid may also be produced from dimleswyphide,
emitted to the atmosphere by plankton speciesthabe particles will settle
back onto earth, or react with rain and fall baakooearth as acid

deposition. The particles will are absorbed by {dagain and are released
17
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back into the atmosphere, so that the sulphur stalds over again (Figu
3).

Hydrogen

Ll
|
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|
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A tmes phere i
— | Sulfur dioxide |«
» (50;) |
7 Indusirial
Dimethyl processes
sulp hide r
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WVolcanic Ammonium - Fogz and
erup Hons — sulp hate = precipitation
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Hydrogen
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Fig. 3: Schematic Representation of the Sulphur Cye. (Source: Horne
and Goldman, 1994. Limnology, McGraw Hill}

The sulphur cycle is sillar to nitrogen cycle, except for a large in

through volcanic activity and the absence of adgmlal process of sulphi

fixation from atmosphere to the land or water. e main forms in wate

are hydrogen sulphide ,S) and sulphate ions ($9. Hydrogen sulphide
Is produced from anaerobic decomposition of orgamatter. The sulpha

ion is the form most readily absorbed by ple

Decomposition of organic sulphur produces inorgdimieons which are
absorbed by plants while animals obtainindirectly through plants
Aerobic bacteria transform hydrogen sulphide inemental sulphur an
then to sulphate. The oxidation of hydrogen sulphpdoduces energy fi
bacterial cellular functions and toxic hydrogenpsidle is converted t
sulphate, dess toxic form. Anaerobic bacteria convert sulphathydrogetr
sulphide.

18
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The release of sulphur oxides (Sox) as sulphuridéeoxSQ) and sulphur
trioxide (SQ) to the air is the main human contribution througinning of

sulphur-containing coal, petrol and the smeltingsolphite ores. Sulphur
oxides cause respiratory problems and may be toxibave offensive
odour (Smil, 1997). Sulphur oxides are involvectiimate change. When
sulphate dissolves in water, it forms dilute sulpthacid (HSOy).

3.6 Silica Cycle in Aquatic Ecosystems

The silica cycle is similar to phosphorus in thia¢re is no atmospheric
reservoir as with nitrogen and carbon. Silica oséarrelative abundance in
natural waters as dissolved silicon acid and palete silica. Diatom algae
assimilate large quantities of silica and markedlydify the flux rates of
silica in lakes and streams.

When the concentration of silica is reduced beldeouh 0.5mg/L, many
diatoms species cannot compete effectively with-sibceous algae, and
their growth rates decline until silica supplies agnewed, usually during
autumnal circulation.

4.0 CONCLUSION

The cycling of nutrients such as nitrogen, carlptmgsphorus, iron, sulphur
and silica is important in the aquatic environmengbling the continual
availability of such nutrients for use by livinggamisms. Human influences
on some nutrient cycles were also stated.

5.0 SUMMARY

In this unit, we discussed the cycling of some ieats including nitrogen,

phosphorus, carbon and sulphur in the aquatic @mvient. These nutrients
sustain life both in the aquatic and terrestriaviemments. Human

activities have also influenced the cycles esplciddrough the use of
fossil fuels such as coal and petroleum products.

6.0 TUTOR-MARKED ASSIGNMENT

Explain the processes of the nitrogen cycle.

Explain the carbon cycle.

Explain the phosphorus cycle.

Explain the iron cycle and silica cycle in agua@osystems.
Explain the sulphur cycle in aquatic ecosystems.

arwnE
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1.0 INTRODUCTION

In this unit, we look at the effects of human aitits¢ on the nutrient cycles.
These activities include shifts in the land usequas, fertiliser use, and
activities that involve energy consumption by maml @animals. We also

discuss the nutrient input and output processes,tla@ consequences of
changes to the nutrient cycles.

2.0 OBJECTIVES

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

. discuss the human impacts on the nutrient cycles
o state the nutrient input and output processes
o mention the consequences of changes to nutrietéscyc

3.0 MAIN CONTENT

3.1 Human Impacts on the Nutrient Cycles

Human activities have resulted in large-scale chang nutrient cycles.
These human impacts include:

I. Shifts in land use patterns
il. increased fertilisation for high-yield crops
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Vi.

Vil.

3.2

lateral transfer of nutrients across ecosystemntiates have
changed the rate, pathways, and efficiency of entrcycling
Small-scale, low-input cultivation practices camsgrient depletion
when fallow periods are short.

Increased demand for food, fuel, and fiber requstgsplementation
of the natural nutrient supply by artificial souscdhis doubled the
inputs and nitrogen and phosphorus to ecosystems.

The regulation mechanisms in natural systems aralodical
controls by plants and invertebrates have been irsghawhere
additional inputs and tillage are used for incredsed production.
Atmospheric deposition of nutrients from industrggriculture,
biomass fires, and wind erosion, spreads largedigsnof N, P, Fe
and Si to downwind ecosystems over large regiomasduret al.
2003).

Nutrient Input and Output Processes

Ecosystem nutrient balance is the net result ofitypninus outputs. The
magnitude and duration of nutrient imbalance tham ®e tolerated is
determined by an ecosystem’s buffering capacityinpf nutrients to
ecosystems occurs through five processes:

Weathering of rocks produces small quantities dfientssuch as
phosphorus, potassium, iron, aluminium, sodium, aiidon in
natural ecosystems.

Atmospheric input of nutrients through wet or drgpdsition of
elements has substantially increased through haoirities.
Biological processes include the fixation of atniwesc carbon
(CO,) through photosynthesis, and atmospheric nitrodbi)
through biological nitrogen fixation.

Nutrients can be released from the biomass of deganisms. The
trade in agricultural and forest products is a mgathway of
nutrient transfer globally

Direct anthropogenic inputs occur through ferttiiga practices in
intensive agriculture and the release of human gevaad livestock
wastes.

The output of nutrients from ecosystems involves frocesses:

22
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overgrazing, and vegetation clearance. The estentigents most
affected by erosion are carbon, phosphorus, potassind nitrogen.
Leaching (the vertical flow of water in the soilofite) transports
large amounts of nutrients in solution from thd sdb groundwater
and rivers, lakes, and oceans. Leaching lossesutients are
highest in cultivated or disturbed environments.

Gaseous emissions of GCH,, and CO etc. to the atmosphere from
the decomposition of organic matter, digestion byrals, and fires.
The conversion between inorganic forms of N lea@gnuossions of
N,, N,O, NO, and NH. Phosphorus has no significant gaseous
forms in most ecosystems. Anthropogenic activilikes ploughing,
fertilisation, fossil fuel burning, flooding, draage, deforestation,
and changes to fire regimes, have altered the atmoand
proportions of emissions of nutrients to the atnhesp.

The emigration of fauna or harvest of crop, forésh, or livestock
removes nutrients. An export from one ecosystemns\@aport of
nutrients to another.

The effective permanent removal of nutrients frdme biosphere
only occurs at a slow rate and through a small rarmobprocesses.

3.3 Consequences of Changes to Nutrient Cycles

Alterations of nutrient cycling include nutrient amss, leading to
eutrophication, and nutrient deficiency linked tol £xhaustion and some
specific natural situations in oceans.

a.

Eutrophication of Aquatic Ecosystems

Eutrophication is the fertilisation of surface watéy nutrients that
were previously scarce (Carpengerl. 1999). This is due to human
activities causing increased inputs of urban, itdhls
wastewaterand agricultural runoff containing C, MNnd P.
Eutrophication causes many changes in the struanageunction of
aquatic ecosystems and the services they provide.

The symptoms of eutrophication:
I. Increase in phytoplankton, benthic, and epiphytgaa and
bacterial biomass

il. Shifts in composition to bloom-forming algae, whictay be
toxic or inedible
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iii. Development of rooted macrophytes and macroalgaegal

the shores
iv.  Anoxia (oxygen depletion) in deep waters
V. Increased incidence of fish and shellfish mortality
Vi. Decreases in water transparency
vii.  Taste, odor, and water treatment problems
viii.  Coral mortality in coastal areas.
b. Marine Dead Zones

Low oxygen conditions in coastal marine waters ltegtom
enrichment in nitrogen which enhances phytoplankiawth. Dead
phytoplankton sinks to the sea floor decompositmmsumes
oxygen. The low oxygen concentration kills most imatife leading
to the designation of‘marine dead zones (Brian et al.
2004).These have been reported off South Amerapard China,
Australia, New Zealand, and the west coast of Néwmerica.The
hypoxic conditions are seasonal in some regioreh) as the Gulf of
Mexico. The occurrence of dead zones and theiragpears to be a
function of nitrogen inputs. Denitrification (whialeturns nitrate to
the atmosphereas ,Nand N oxides) occurs only when oxygen
concentrations are low and becomes effective dfterdead zone
phenomenon has occurred.

4.0 CONCLUSION

Human activities produce some effects on the mitragcles. Five input
and five nutrient output processes have been fikshtin the nutrient
cycles. The consequences of the changes that otdhe nutrient cycles
include eutrophication and the formation of maead zones.

5.0 SUMMARY

In this unit, we discussed the human impacts onienitcycling, nutrient
input and output processes; and the consequenaemnfes to the nutrient
cycles.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the human impacts on the nutrient cycles.
2. Explain the nutrient input and output processes.
3 Explain the consequences of changes to nutriemesyc
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1.0 INTRODUCTION

Natural water has chemical, physical and biologidahracteristics. The
living organisms in water also include microorgamsssuch as bacteria,
protozoa, algae and fungi. Viruses are parasites dannot live and
reproduce outside other living cells.

2.0 OBJECTIVE

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

J mention the different organisms that are natudallynd in water.

3.0 MAIN CONTENT

3.1 Biological Characteristics of Natural water

Microorganisms that cause diseases and transmittexigh water are
called water borne pathogens. These include bacteruses and fungi.
Microorganisms of interest in water include baetefungi, algae, protozoa
and viruses.

3. 1. 2 Bacteria

Bacteria are among the most common microorganisnmgater. They are

single celled organisms, having several shapesarge in size from 0.5 to
2 microns in diameter and 1 to 10 microns in len@hcteria have three
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major shapes vizrod-shaped bacteria (bacilli), spak-shaped (cocci), and
spiral-shaped. Some are single-celled; appeatriig, ghains or clusters.

Bacteria feed on plants and animals in water and.|&ome bacteria can
use inorganic elements such as iron as sourcesnafge Growth of
bacteria is faster in warm than cold temperatufes.each 10°C increase,
bacterial growth rate doubles. pH affects the ghowftbacteria as bacteria
grow best when it is neutral. Metal ions like copgead, silver and some
pesticides are toxic and inhibit the growth of leaiet

Many bacteria are aerobic and require free oxygemifowth while others

are anaerobic requiring no free oxygen. Facultabaeteria can switch

from aerobic to anaerobic depending on environmeataditions. Bacteria

multiply by binary fission dividing into identicalaughter cells. Under
optimal conditions, bacteria can double in numiemsry 20 -30 minutes.

Some bacteria produce resistant spores which aldevstructures regarded
as the resting phase. The spores can survive aesh ltonditions.

Water borne diseases caused by bacteria includ®ityfpever Galmonella
typhi), gastroenteritisShigellaspp, Campylobacterspp, Enteropathogertic
coli), cholera Vibrio cholera), leptospirosis Leptospiraspp).

3.1.3 Protozoa

Protozoa are single —celled animals which are séwenes larger than
bacteria ranging from 4-500 microns. Protozoa &ssified based on their
modes of movement as:

I. Amoeba which move by gliding or streaming actiord athange
shape as they move.

il. Ciliates are covered with hair-like structures edlktilia which beat
rapidly and propel the organism. Most ciliates i swimming,
attached to floating materials or walls.

iii. Flagellates have one or more whip-like projectioaked flagella for

movement.
iv. Suctoria are attached organisms and have tentathes than cilia.
V. Sporozoa are non-motile and are swept along wi¢hciwrent of
water.

Protozoa feed mostly on bacteriaand most protozma aerobic or
facultative. They alternate between active growthges (trophzoites) and a
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resting phase called cysts (extremely resistanicires that protect the
organisms from harsh environmental conditions.

3.1.4 Viruses

The viruses are several times smaller than bacéedaare very simple life
forms. They range in size from 0.02-0.25 micronglisaneter. They have
several shapes such as geometric polyhedrals, $bewgder rods and
elaborate irregular shapes. Viruses are intracellparasites that must live
and reproduce in host cells. A virus contains d@raémolecule of genetic
material surrounded by a protein called capsidsomdetimes an additional
layer called envelope. They cannot obtain energyeproduce on their
own. Viruses invade all kinds of cells and takerdwest cells forcing them
to produce more viruses and destroy the cell irptbeess.

3.1.5 Algae

Algae are aquatic plants. Many of them are micrpgcoells though visible
when in masses or large numbers. Some are multilaxek.g. kelp found
in marine waters. They occur in both clean andypetl waters. Algae are
capable of carrying out photosynthesis (primarydpation). Algae are
classified according to colour as

I. Green algae-contain chlorophyll and are found rgastfreshwater.

il. Euglenoids are single —celled, green-pigmenteagmese protozoa,
contain flagella and carry out photosynthesis.

iii. Diatoms are golden-brown, single-celled, have Isdich gel.

iv. Cyanobacteria are bluish-green in colour, can cayt
photosynthesis, formerly called blue-green algaenow classified
as bacteria.

4.0 CONCLUSION
Apart from the chemical and physical charactessté natural waters,
living organisms also inhabit the water. These udel bacteria, fungi,

algae, protozoa. Viruses are obligate parasiteshwimust live and grow in
other organisms and cause diseases in the process
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5.0 SUMMARY
In this unit, we have discussed the biological abtaristics of natural

waters. We also mentioned some characteristics dfferent
microorganisms that are found in water

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the different classes of microorganismg @@ present in
water.
2. Outline the characteristics of these classes.

7.0 REFERENCE/FURTHER READING

Bertoni, R (2011).Encyclopedia of Life Support Systems. Limnology -
UNESCO-EOLSS 2011.pdf
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1.0 INTRODUCTION

In this unit, you will learn about some samplingthwels used in water
monitoring and aquatic biological assessment pragres. It is not always
possible to study the whole aquatic environment &md makes it

necessary to obtain representative samples. Thes tgpsamples obtained
depend on the objectives of the study.

2.0 OBJECTIVES

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

. mention the process of site selection
) state the different types of sampling methods
. explain the physical habitat and biological assesgm

30



AFM 510 MODULE 3

3.0 MAIN CONTENT

3.1 Site Selection

In sampling, first determine why you are carrying the project. This may
be very simple or complicated depending on thelt®gou aim to achieve.

Different goals determine the sampling designsiqmals to be used and
sampling locations (Smileyet al., 2009). Data obtained from the sites
should answer questions or hypotheses that the lsmngoal sought to
answer. For instance, you may want to identify sesy types of
contaminants in water, or the concentrations odriqular substance in the
environment before a project. For site selection:

1. Identify the goals of the project, understand therking of the
system before choosing locations for sampling.

2. The scale of the work will determine the numbeisibés to collect
samples from.

3. For long-term monitoring, consider the likely futuplans for the
sites chosen. Choose sites with no impending neadiins using
aerial photographs, maps, or personal knowledgthefarea, GIS
software or Google earth (Benson and Dalrymple4).98

4, Carry out a reconnaissance survey (an initial fiegit to assess the
site personally) to see if the sites meet seleatrdgaria. Sites should
be easily accessible.

Water quality sampling for sediment and sedimenrbteaisted constituents
is more difficult than sampling for other water ofistry variables because
of temporal and spatial variability in transporhéelpoint at which a sample
is collected will influence sediment concentratdata.

3.2 Sampling Methods

3.2.1 Manual Sampling

Manual grab sampling at a single location at eammpding site is the
standard method for collection of base flow (disgeaderived from the
seepage of groundwater in combination with upstreater through-flow
without significant direct contribution from surfac runoff from
precipitation) samples.
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Advantages of grab sampling

It is relatively safe

It is simple

It is inexpensive

It can be performed at any location

Manual grab sampling may, be the only alternativehé costs of
purchasing and maintaining automatic samplers @escewailable
resources (Burton and Pitt, 2002).

Disadvantages of grab sampling

I. Grab sampling provides limited information on temgdo(time)
variability of constituents unless frequent sampliescollected.

il. Manual sampling methods also introduce human erdus to
sampling.

3.2.2 Integrated sampling

This is another manual technique that collects auipdes throughout the
flow cross-section to accurately determine mearstitoient concentrations.
Samples are obtained at different depths acrossstifgam to produce
accurate concentration measurements even in |&nepnss.

Disadvantages

I. This technique requires a lot of personnel timpgeemlly for many
sites.

il. It may be difficult to collect samples throughoutetrange of
observed discharges.

iii. If it is necessary to enter into the stream for @lansollection, safety
must be an important consideration.

iv.  Water samples should be collected upstream fronpdoin@ of entry
of constituent of interest.

3.2.3 Automatic Sampling

The samplers are installed in the field and collecd record data
automatically. They have the following advantages:
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I. They use consistent sampling procedure and sinagdiasly collect
samples at multiple sites.

il. Are useful where sites are distant, hard-to-readlp. (steep inclines)
or dangerous.

iii. They are very useful for sampling during stormsaose they can
sample throughout runoff events of various duraioand
magnitudes.

iv. Disadvantage: Automatic samplers require frequeaintanance
(Burton and Pitt, 2002; Harmet al., 2006a).

3.2.4 Mechanical Samplers

Mechanical samplers such as rotating slot sampidr raulti-slot divisor
sampler collect flow-weighted samples and estirflate volume, allowing
for the calculation of mean concentrations and n@ass. The rotating slot
sampler requires minimal maintenance, no electpoaler, and collects a
single flow-proportional runoff sample (Parsons5491955; Edwardst
al., 1976).

3.3 Physical Habitat and Biological Assessments

Physical habitat and biological assessments arts pdr water quality
monitoring programs that include physical habitdiplogical, and
traditional water chemistry and discharge assessneiSEPA, 2002).

3.3.1 Physical Habitat Assessments

Physical variables like stream cross-section adescharge, number of
riparian trees “habitat” that aquatic organismsupgc These are the two
approaches for measuring riparian habitat, geonubogly, and instream
habitat.

o Transect- based sampling methods
Transect-based sampling methods consist of measwsatected
habitat variables at predetermined points alongtipiel transects
within a site.

Advantages:

I. Transect-based habitat sampling methods result in
guantitative habitat data.
il. Reduce observer’s bias.
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iii. Ensure comparability among sampling sites, timeoger and
categories of interest (Simonseh al., 1994; Wanget al.,
1996).

V. Transect-based sampling methods are compulsory when
guantitative information on water depth, water wélg
riparian characteristics, channel size, and adjdesd use is
needed.

o Visual-based habitat methods
This method involves estimation rather than actn@hsurements of
a site’s variables.

Advantages:

I. Visual habitat methods require less equipment and than
guantitative habitat measurements.

il. Visual-based habitat methods depend on trainingséiiig of
the observer. Scores differ among observers (Salheeand
Pruitt, 2004).

iii. Visual-based habitat sampling methods are useful fo
descriptive purposes and for preliminary habitaeasments
intended to assist with site selection.

iv. Visual-based methods are used to produce a hahitdity
index (Barbour et al., 1999) that provides an easily
interpretable value representative of the physicabitat
guality of the site.

3.3.2 Biological Assessments
Sampling methods for aquatic macroinvertebrates:

1. Thedipnet is a net with a wooden handle used for samplingrma
invertebrates

Advantage
It can sample many different types of microhabifatsnd within a
site.

Disadvantage

It is a qualitative sampling technique because carenot calculate
density (number of organisms per square meter) frdipnet
samples.
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4.0

Surber sampleris a portable, stream bottom sampler made of two
folding frames with netting fixed at right anglésr sampling, the
horizontal frame is positioned in the substratdt &id rocks are
stirred up so that the current transports bottogawisms into the
net. It is used in quantitative biomonitoring seslfor evaluating the
effects of different disturbances in gravel bottstreams (Resh and
McElravy, 1993).

Fish sampling: Fish are sampled using hand or gill nets, hook and
lines, and seines. Electro fishing method thougafulsfor fish
sampling elsewhere is not recommended in NigereoRl data as
catch per unit time.

CONCLUSION

To study the aquatic environment, it is pertinemtobtain representative
samples since it is impossible to study the wholdrenment at the same
time. Methods of obtaining samples are discussilisrunit.

5.0 SUMMARY

In this unit we discussed the different samplingthods used in aquatic
studies. The first step in designing a samplinggatas to identify its goal

and resources available to achieve the goal. Wheltee project and its
goals are very simplistic or highly complex, prajéesign should include
initial planning that considers the spatial exteftsampling, response
variables to be analysed, the flow conditions otewdo be sampled, and
the type of technology and personnel to be ussdah sampling.

6.0
1.
2.
3.

7.0

TUTOR-MARKED ASSIGNMENT

Explain the process of site selection.

Explain the different types of sampling methods.
Explain the physical habitat and biological assesgm
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1.0 INTRODUCTION
Specific parameters are usually analysed in wateility studies. These
specific parameters require different conditionstfeeir determination. In

this unit, we discuss the methods used in the clodle of water samples
and precautions needed.

2.0 OBJECTIVES

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

) explain the measurement of electrical conductivity

. discuss the measurement of dissolved oxygen, tenper salinity,
and pH

J explain the measurement of turbidity

. mention the sampling procedures for total and uelauspended
solids

. mention the sampling procedures for nitrogen anated nitrogen
compounds

) discuss the measurement of total phosphorus cuahaat organic
carbon

. explain the measurement of soluble reactive sdied biochemical
oxygen demand

. discuss the measurement of total water hardnedsnatals.
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3.0

3.1

MAIN CONTENT

Methods used in Sampling and Measuring some Water
Quality Parameters

Measurement of electrical conductivity

When using the hand held meter, keep it in gentdéian through
the water column while taking a reading. Allow s&feminutes for
the meter to stabilise. Take measurements abouwni®elow the
water surface and about 10 cm above the sedimefacsuwhere
water is deep.

For laboratory analysis, take 125 ml unfiltered evasample in a
pre-cleaned plastic container with a Teflon cowne- rinse bottle
three times before final collection of sample ambic excessive
agitation of water during sample collection to reglair bubbles in
the sample. Fill container to the brim to excludteaad cap tightly.
Refrigerate at 1-4°C and analyse within 24 hourseadlire
conductivity electrometrically with (or without) rmperature
compensation and calibrate against a standardi@olof potassium
chloride. It is better to perform this test in fiedd.

Dissolved oxygen

For in situ DO measurement with hand-held meteg ssnilar
method of sample collection as for electrical cartiity and avoid
excessive turbulence to minimise air bubbles in waer. Allow
several minutes for the meter to stabilise beforking
measurements about 10 cm below the water surfatealaove the
sediment surface; or a mid- water column readirghedlow water.

Record DO measurements in mg/L (dissolved oxyg&ceatration)
or % (saturation). This in-situ DO measuremermtdse in the field.
Winkler's method can also be used in the laborataftgr fixing
water samples in the field immediately after cditat

pH

For in situ field measurement of pH using hand —held meters and
laboratory analyses, same precautions are necessdoy electrical
conductivity and DO. Directly collect water intorsple bottle or
transfer into a sample bottle from collection véskél completely

to exclude air bubbles. Ensure sample bottle igipsed thrice with
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sample water (3 x 20mL) before final collection ata not freeze
but refrigerate at 1-4°C. Analyse directly or asrsas possible after
sample collection and preferably in the field, lthin 6 hours if

the sample is refrigerated at 1-4°C.Measure pHtrelgremically

using a combination electrode (glass plus referazeetrode) and
calibrated against two or three buffer solution®P K\, 1998)

Salinity

Take 200 ml unfiltered water sample directly inra-pleaned plastic
bottle with a Teflon liner or transfer into a samgottle from a
collection vessel. Pre-rinse water sample bottiesd with sample
water (3 x 20ml) before final collection. Refrigerat 1-4°C but do
not freeze. Avoid excessive turbulence during otibe, Aill
container completely to the top to exclude air ea tightly.

Analyse directly or as soon as possible after saropllection, but
within 24 hours. Unit of measurement for salinity parts per
thousand (ppt or %o). It is preferable to perfoms test in the field.
Avoid plastic sample bottles made from low-dengitlyethylene
(LDPE) as they leak easily. High-density polyetimde(HDPE),
polypropylene, polycarbonateor a fluoropolymer (etgflon) are
suitable.

Temperature

Measure temperature using a thermometer with aerah§—-50°C or
a suitable electronic thermometer. Place the pholbee water to be
measured. Allow to stabilise before taking readindg&ecord
temperature measurements in Degrees Celsius (°C).

Turbidity

Measurements using probes should be at least 1mvkiee water
surface and deeper in clear waters to ensureltbed ts no influence
from ambient light. For laboratory analysis, coll260 ml unfiltered
water sample using pre-cleaned plastic containerglass bottles.
Pre-rinse sample bottles thrice with sample wa&er 20mL) before
final collection. Do not increase the turbidity tife water while
collecting a sample by disturbing the bottom ordheatic plants.

Store container in the dark, refrigerate at 1-48€dwo not freeze to
avoid changes in turbidity. Avoid turbulence to mirse air bubbles
in water and fill to just below shoulder of the @t Analyse directly
or as soon as possible after sample collectiorepbfy in the field,
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but within 24 hours. Units of measurement NTU (redpmetric
turbidity units)

Secchi disk depth (For turbidity or water clarity)

The Secchi disc is used to measure the depth lof fignetration or
turbidity of water for comparative purposes. Thecdis a circular
white plate made of non-corrosive rigid materiasually with a

diameter of 30 + 1 cm. To reduce the effects ofanis on the angle
of view, a mass of 3.0 £ 0.5 kg is suspended belmrcentre of the
discon a rigid rod 15 cm long. The disc is paintgth quadrants in
black and white waterproof paints and attachedriorastretch rope,
marked at appropriate intervals of depth with wateof markings

(20 cm in turbid water and 50 cm intervals in okFawater). Where
the disc cannot be seen is where effective ligmepation is

extinguished.

The Secchi disk depth is a measure of the limitestical visibility

in the upper water column and a direct functionwaiter clarity.

High Secchi depth reading simply high water clardgd light

penetration while low Secchi depth readings inédicaduced water
clarity, limited light penetration, primary prodian due to

suspended particles and algal blooms. Highly celdwaters (e.g.
with tannins) have low Secchi transparency, whicy mot indicate
poor water quality. The Secchi disk is prone tmeeif strong flows

and clouds casting shade are present. Conditionamiasuring
Secchi disc depth are:

a) clear sky with the sun directly overhead or the s at your
back to minimise reflection from the sun on theevatnd the
sampler must wear sunglasses

b) Take measurements on the protected side of the tnatht
minimal waves or ripples

C) The same person should record Secchi disc depthraligh
a sampling day to ensure consistency.

d) If the conditions vary from this ideal situatiorecord any
differences infield notes or the field observatiforsn.

e) Tie the end of the rope onto a float (e.g. a bycleprevent
accidental loss of the disc.

f) Lower the disc into the water in a position awaynirshadow
and record the depth at which the black/white fatax on the
disc just disappears from sight. Raise the disdl itnjust
becomes visible and record this depth to the ned@cm,
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then lower it just to the point where the disc disaars again.
The depths at disappearance and reappearance exsges
and referred to as the Secchi disc depth.

Sampling procedures for total suspended solids

Take 1L unfiltered sample in a pre-cleaned bottlplastic container
directly or from a collection vessel. Pre-rinse plmbottle thrice
with sample water (3 x 20 ml) before final collecti Avoid
disturbing the water, aquatic weeds or increasingpabbles in the
sample during collection. Fill bottle to the shard@nd refrigerate at
1-4°C but do not freeze. Analyse sample directlyasrsoon as
possible after collection, but within 24 hours. Bat hold samples
longer than 7 days. Unit of measurement is mg tetepended
solids/L.

Sampling procedures for volatile suspended solids

Use the same procedures as for total suspendeds doli collect

samples for volatile suspended solids. Unit of mesment is mg/L

(mg volatile suspended solids/L). Volatile solcm be determined
by ignition at 550°C (2540-E, APHA, 1998). VSS istermined as
the weight of the lost material on ignition at 56@bmpared to
constant weight at 105°C.

Total nitrogen (TN)

Total nitrogen includes all forms of nitrogen- gik, nitrite,
ammonia and organic nitrogen. The concentrationitobgen can be
used to assess nutrient status in waterways. HEneoh by
nitrogenous compounds can cause nuisance or ttgat bBlooms.
Sources of nitrogen enrichment include fertiliseasjmal wastes,
sewage, nitrogen fixing plants, and lightning.

Collect 200ml unfiltered water in a pre- cleanedspic container or
bottle directly or transfer from the collection sek in a similar
manner to total and volatile suspended solids. tBiljust below
shoulder of the bottle. Store at 1-4°C or freeze store in the dark.
Analyse within 24 hours if sample is kept refrigechat 1-4°C or
within 30 days if kept frozen below -20°. Units ofeasurement
mg/L (mg nitrogen/L). The method of analysis is dedphate
digestion method 4500-N C. (APHA, 1998), and thdéomuated
cadmium reduction method 4500-M® (APHA, 1998).
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J Total oxidised nitrogen
Total oxidised nitrogen is the sum of the nitratg-) and nitrite
(NO,-) expressed as concentrations in mg/L nitrogee. fitrite and
nitrate species can be determined separately.

Total oxidised nitrogen (NOx-N) = [Nitrate (N© +Nitrite (NO,-)]
Nitrite is an intermediate form of nitrogen and is rapiolydized to
nitrate.Nitrate is an essential plant nutrient and its levels iturad
waterways are typically low (less than 1 mg/L). Essive amounts
of nitrate can cause water quality problems andelacate
eutrophication, altering the densities and typesaiatic plants in
affected waterways. Some bacteria convert nitratgoi gaseous
nitrogen through denitrification. Nitrate is detémed by the
automated cadmium reduction method 4500;NE(APHA, 1998).

Take 125 ml filtered water sample in new pre-clelmastic
container or bottle. Collect the sample in a clsample container
prior to filtration. Place filtered sample in afdifent sample bottle,
after rinsing thrice with filtered sample water X320 ml) before
final collection. Fill to just below the shouldef bottle. Filter the
sample through 0.48n pore diameter cellulose acetate (membrane)
filter C. Analyse within 24 hours if sample is kepfrigerated at 1-
4°C or within 30 days if kept frozen below -20°C.niUJ of
measurement is mg/L (mg oxidised nitrogen as néndbg).

. Sampling procedures for nitrogen as ammonia/ammoniu
Ammonia nitrogen and ammonium nitrogen speciesdatermined
using the same analytical method. Ammonia and anumoexist in
equilibrium in aqueous solution. In alkaline sabms ammonia
dominate species is ammonia (Hwhile ammonium (Nki)
predominates at lower pH. Sources of ammonia ircledtilisers
and decomposition of organic matter.

Collect 125 ml filtered water sample in a pre —nksh plastic
container or bottle. You can collect the sampla iclean container
prior to filtration. Filter the sample through O0.485 pore diameter
cellulose acetate(membrane) filter C. Place filesample in a
different sample bottle, after pre- rinsing thriwéh filtered water
sample (3x20ml) before final collection. Fill tosjubelow shoulder
of the bottle and refrigerate at 1-4°C or freeze store in the dark.
Analyse within 24 hours if sample is filtered anelpk refrigerated
atl-4°C or within 30 days if filtered and kept feozbelow -20°C.
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Unit of measurement mg/L (mg N/L). Analysis meth@d the
automated phenate method 4500-NH3 G. (APHA, 1998).

Total organic nitrogen (TOrgN)

Calculate total organic nitrogen from the concdmires of total
nitrogen, nitrite, nitrate and ammonium nitrogey,snibtracting the
concentrations of inorganic fractions of nitrogaamely nitrite and
nitrate (NOx) and ammonium nitrogen (RN/NH4-N) from the
total nitrogen (TN) concentration:

TOrgN = TN — (NOx + NH-N/NH,4-N).

Total Kjeldahl nitrogen (TKN)

Kjeldahl nitrogen describes all dissolved nitrogerthe tri-negative
oxidation state (e.g. ammonium, ammonia, urea, aspi@mides,
etc) and comprises all the dissolved nitrogen elxseme inorganic
species (nitrite and nitrate) and organic compoun@zo-

compounds, nitriles, oximes, etc). The Kjeldahl moet hydrolyses
all the amino nitrogen to ammonium, which is thesasured by the
ammonium/ammonia method.

Assuming that the concentrations of many of theeothitrogen

species are very low, the TKN concentration is dfme

approximately equal to the TN concentration less thtrite and
nitrate concentrations. Or alternatively the TKNncentration is
approximately equal to the sum of the total orgamicogen and
ammonia/ammonium as nitrogen concentrations. CatieulrKN

(total) directly by subtracting nitrate and nitriit®m total nitrogen
(TN) on an unfiltered sample. The Kjeldahl deteration is rarely
used because it is not as precise as the perseldhggstion method
used to calculate TN. It also uses mercuric sussatlphuric acid
digest, leaving mercury as an undesirable wastgugto

Dissolved organic nitrogen (DOrgN)

Calculate dissolved organic nitrogen (DOrgN) bylgsiag TN in a
filtered sample and subtracting the NN/NH4-N and NOx-N (i.e.
the dissolved inorganic fractions of nitrogen) frdm result.

Take 125 ml filtered sample in a pre-cleaned piastintainer or
bottle in a manner similar to that used for totaidsed nitrogen.
Refrigerate at 1-4°C or freeze and store in th&. damalyse within
24 hours if sample is filtered and kept refrigetdadl—4°C or within
30 days if filtered and kept frozen below -20°C. itUnf
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measurement is mg/L (mg DOrgN as nitrogen/L). Asslynethod
of Total nitrogen is by persulphate digestion mdthb00-N C.
(APHA, 1998) and the automated cadmium reductiothote4500-
NO3- F (APHA, 1998).

. Total phosphorus (TP)

Phosphorus occurs in natural waters and wastewasephosphates.
These are classified as orthophosphates ,POcondensed
phosphates (pyro-, meta-, and other polyphosphates)d
organically bound phosphates. They occur in satuytio particle or
detritus, and bodies of aquatic organisms (APHA&9Sources of
phosphorus enrichment include detergents, fentdjsenimal faeces/
manure, sewage and industrial wastes. High levelshosphorus
and/or other key nutrients may lead to related lerob such as
nuisance or toxic algal blooms, although some waigs are
naturally eutrophic (nutrient enriched).

To sample for total phosphorus, collect 200 ml ltgred water in

pre-cleaned Teflon —capped bottle or plastic diyecr from a

collection vessel. Fill to just the shoulder of tlmt Ensure sample
bottle is pre-rinsed thrice with sample water (30mL) before final

collection. Refrigerate at 1-4°C or freeze; andesto the dark.

Analyse immediately or within 24 hours for sampiefigerated at
1-4°C and stored in the dark. Analyse within 30sdifiykept frozen
below -20°C. Unit of measurement is mg/L (mg phaspk/L).

Analysis method is persulphate digestion method 0450B.5.

(APHA, 1998), and the automated ascorbic acid resluanethod
4500-P F. (APHA, 1998).

) Total organic carbon (TOC)

The total organic carbon (TOC) concentration regmées all the
carbon covalently bonded in organic molecules ana filtered.

Total organic carbon does not take into accounoiti@ation state of
the organic matter, and does not measure othenically bound

elements, such as nitrogen, hydrogen, and inorgathat can
contribute to the oxygen demand measured by bicddgdxygen

demand (BOD). Drinking water TOC concentrationggefrom less
than 100ug/L to more than 25 mg/L. Wastewaters may contany v
high levels of organic carbon(>100mg/L).
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Take 125 ml of unfiltered sample in a new and peaited amber
Teflon-lined capped bottle free from organics. Tdample bottle
should be pre-rinsed thrice with sample water(30xn2.) before
final collection. Fill the bottled completely to @xde air bubbles.
Refrigerate at 1-4°C, do not freeze, store in thek.dAdd 10%
sulphuric acid (HSQ,) in the field until the pH is < 2 to acidify
sample. Carry out analysis as soon as possiblmaximum holding
time for acidified sample is 7 days. Refrigeratd-a4°C and store in
the dark. Do not freeze. Unit of measurement isLnfigig carbon/L
or ug non-purgeable organic carbon/L). Analysis metfmdtotal
organic carbon is by high temperature combustiahI&ndetection,
method 5310 (APHA, 1998). Inorganic carbon mustrémoved
before analysis so volatile organic carbon will Ibst. Report as
non-purgeable organic carbon.

Dissolved organic carbon (DOC)

Dissolved organic carbon (DOC), represents allsthleble organic
carbon (orcarbon covalently bonded in organic mdks) that can
pass through a 0.4ohmpore diameter filter. Dissolved or total
inorganic carbon (TIC, or DIC) represents the cagte (CQ?),
bicarbonate (HC®) and dissolved carbon dioxide (g(resent in a
sample.

Interference of DIC in the measurement of DOC isaeed by
acidifying the sample to a pH of less than 2 toveshall carbonates

to CO.. The CQ gas produced is purged from the sample before
DOC analysis. Removing G(urging from the sample also purges
volatile organic carbon from the sample. Only namgeable
organic carbon will be determined in the DOC measiant.

Take 125ml of filtered sample in a pre-cleaned gléember or
brown) container free from organics. The cap shduddined with
Teflon. Filter sample through 0.4pbm pore diameter cellulose
acetate(membrane) filter. Place filtered sample sample bottle
after rinsing three times with filtered water saen(Bx20ml) before
final collection. Fill container completely to thep to exclude air
bubbles. Refrigerate at 1-4°C, do not freeze amd ih the dark.

Carry out test as soon as possible or analyse rwithidays if
acidified, refrigerated at 1-4°C and stored in datknit of
measurement is mg/L (mg carbon/L ©g non-purgeable organic
carbon/L). Analysis method Total organic carbon Ibhygh
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b)

temperature combustion and IR detection, methodd 5IPHA,
1998). Note that:

samples should be filtered as soon as possibler aenple
collection, preferably on site. Filter paper shoblel washed with
sample first prior to filtration. Do not re-usetdit paper.

if the sample has high particulate matter coniéntay be necessary
to pre-filter using a glass fibre filter paper (GEQ pum).

Soluble reactive silica (SiO2-Si)

Diatoms use silica to build their cell walls andnchecome a
nuisance if their numbers increase rapidly and eaasbloom.
Therefore, it is important to quantify the amouhsoluble reactive
silica in estuaries and catchments.

Collect 250 ml of filtered sample in a pre-cleanmdstic or glass
bottle before filtration. Filter sample through B4m pore diameter
cellulose acetate (membrane) filter C. Placeréliesample in the
bottle, after rinsing three times with filtered gaewater(3 x 20 ml)
before final collection. Fill to the shoulder oftbde. Refrigerate at
1-4°C, do not freeze and analyse within 24 housarhple is only
kept refrigerated at 1-4°C or within 1 month fomgée filtered and
kept refrigerated at 1-4°C.Unit of measurement ggLn{mg silica

as silicon/L). Analysis method Automated method floolybdate-

reactive silica method 4500-SiO2 D, E(APHA, 1998)te that:

a) Samples should be filtered as soon as possibler afte
collection, preferably on site. Wash filter papathmsample
before filtration. Do not re-use filter paper.

b) Avoid plastic sample bottles made from low-density
polyethylene (LDPE).Use high-density polyethyleR¥OPE),
polypropylene, polycarbonateor a fluoropolymer (¢gjflon)
bottles.

C) Do not pre-filter with glass fibre filter paper (GRL.2um) as
these contain silica and can contaminate the sample

Biochemical oxygen demand (BOD)

Biochemical oxygen demand is a measure of the atmain
biologically and/or chemically degradable organiatenial in water.
It indicates the amount of oxygen aerobic aquatganisms could
consume in the process of metabolising all the rooganatter
available to them. High BOD causes low levels gkdlved oxygen
in affected water.
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Obtain 1L unfiltered sample in a brown or ambeisfitacontainer or glass.
Use new pre-cleaned bottles only and do not preerinontainer with
sample. Collect samples directly into sample baitleansfer into a sample
bottle from collection vessel. Fill container comely to the top to exclude
air. Analyse directly or as soon as possible astmnple is collected or
within24 hours if the sample is refrigerated at °G-4n the dark. Do not
freeze. Analysis method is the 5-day BOD test n@thd10 B (APHA,

1998). Unit of measurement is mg/L. Dark (or ambglgss bottles are
preferable for samples that are low in BOD (<5 mty)L

Keep samples at or below 4°C during compositingniticompositing
period to 24 hours after sample collection. To sissn preservation,
refrigerate at 1-4°C and store in the dark but d¢ fneeze. Plastic
containers should be made from high-density poljette (HDPE),
polypropylene, polycarbonateor a fluoropolymer (éefjon).

) Metals — total and dissolved metals and metalloids

Many metals are toxic to aquatic animals and caadmumulate in
aquatic food chains. Metals commonly determined luohe

aluminium (Al), silver (Ag), arsenic (As),boron (Bbarium (Ba),
beryllium (Be), calcium (Ca), cadmium (Cd), cob@b), chromium
(Cr), copper (Cu), iron (Fe), mercury (Hg), potassi(K), lithium

(Li), magnesium (Mg), manganese (Mn), molybdenumo)lM
sodium(Na), nickel (Ni), lead (Pb), antimony (S&glenium (Se), tin
(Sn), titanium (Ti), uranium (U), vanadium (V) anghc (Zn).

Total metals can be analysed by digesting the samging a
concentrated nitric/hydrochloric acid added to anfiliered water
sample prior to analysis(APHA, 1998)).Dissolved afet are
determined by analysing those metals in a filteymuhple that passes
through a 0.45um membrane filter (APHA,1998)]. Before analysis
of a field-filtered, field-acidified sample, extddute acid is added to
the filtered sample, to ensure dissolution of argcipitates formed
after filtration. The sample must not be filterethesa determining
total metals (which include those metals boundhte particulate
matter in the sample); otherwise, the same cotllacfirocedure is
followed.
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For heavy metals

a)

b)

Filter samples as soon as possible after collegireferably on site.
Wash filter paper first with sample before filt@ti Do not re-use
filter paper.

Do not use plastic samples made from low densitlygloylene
(LDPE). Appropriate sample container plastics argh{uensity
polyethylene  (HDPE), polypropylene, polycarbonater o
fluoropolymer (e.g. nalgene, teflon (polytetraflaethylene,
PTFE)).

125 ml naglene bottles are now used for heavy metal HDPE
bottles have been found to leach trace quantifiga @ver time.

For soluble metals analysis, if the sample has paticulate matter
content, it may be necessary to pre-filter usinglass fibre filter
paper (GFC 1.2m).

Acidification is not needed for the analysis of K, and Na in
samples because these metals in solution are stablg month
without acidification.

Total water hardness (as CaCg@)

Water hardness is a measure of the capacity ofri@tprecipitate
soap. This is mainly due to the presence of calameh magnesium
ions in the water. Total hardness is now definedthees sum of
calcium and magnesium concentrations in water, esgad as
calcium carbonate equivalents in milligrams peteliaccording to
the following formula (APHA, 1998):

Hardness equivalent CaCO3/L = 2.497 [Ca, mg/L] $18. Mg,
mg/L].

Take 125 ml of unfiltered sample in a plastic corga plastic with
Teflon-lined cap. Use new pre-cleaned acid rinsetilds. Decant
from collection vessel, ensuring sample bottle ris-finsed thrice
with sample water (3 x 20 mL) before final collecti Fill to the
shoulder of bottle. Samples can be stored for 7s.d&jnits of
measurement is mg/L (mg CagD.

Total acidity and total alkalinity (as CaCOs,)

The total alkalinity of water is a measure of its acid-neutralising
capacity to a designated pH. It is the sum of itdatable bases-
carbonates, bicarbonates, hydroxides, borates,pphtss, silicates
and other bases if present. For analysis of tdkalinity (APHA,
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1998) requires titration with a standard hydrodblaicid solution to
an end-point pH of 3.7 (i.e. the methyl orange @naip.

Total acidity is a quantitative measure of the ca#paof water to
react with a strong base. To determine total acidiPHA, 1998
requires titration with a standard sodium hydroxgtdution to an
end-point pH 8.3 (i.e. the phenolphthalein end-foin

Take 125 ml of unfiltered sample in new pre-clearedtles or
plastic containers. Collect directly into samplédtleoor transfer into
a sample bottle from collection vessel. Pre-riresmde bottle thrice
with sample water (3x20mL) before final collectidfill container

completely to the top to exclude air and cap tighHRefrigerate at 1—
4°C but do not freeze and analyse within 1 dayhBotal acidity

and alkalinity are expressed as mg/L (mg CgCp Both total

alkalinity and total acidity require separate lasttlfor analysis.
Analysis method acidity and alkalinity method 238@&nd 2320 B.
(APHA, 1998).

True colour

Colouring water samples result from the presenasatiral metallic
ions (iron and manganese), humus and peat matepkskton,
weeds, and industrial wastes. True colour refershéo colour of
water upon removal of suspended solids or whenstdraple has
been filtered.

Take 500 ml filtered water sample in pre-cleaneasiit or glass
bottle with Teflon lined cap. Wash bottles in pHose-free

detergent and rinse thrice with tap water and ¢éhviith de-ionised

water. Or, collect sample in a clean sample costainefore

filtration. Filter sample through 0.4 pore diameter cellulose
acetate(membrane) filter C. Place filtered watenda in a sample
bottle, after rinsing three times three times wiilkered sample

water(3 x 20 mL) before final collection. Refrigerat 1-4°C, store
and transport in the dark without freezing. Filjist below shoulder
of the bottle but do not completely fill. Analysétkin 2 days. Units

of measurement are colour units or platinum-colalts (PCU,

Pt/Co or Pt-Co units).

Gilvin — colour

Gilvin describes the natural dissolved organic carltompounds
that give water a brown colouration (absorb lighthe 400-440 nm
wavelength and reduce the blue region of the spegtrGilvin, or
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4.0

soluble humic colour, is the major component ahisgrbight in
inland waters. There are many compounds and congpolasses
that make up gilvin. The amount of light transndttdrough the
water is an important indicator of the potentialr fprimary
production within a wetland system. Measurement colour
provides information on the light climate of a vesttl and its
capacity for primary productivity.

Take 500 ml filtered sample in pre-cleaned plastiaglass bottle
directly or transfer from collection vessel. Pnesg bottle thrice
with sample water (3 x 20mL) before final collectid-ilter sample
through 0.4hm pore diameter cellulose acetate (membrane) fter
Fill container completely to the top to exclude, aap tightly,
refrigerate at 1-4°C, store and transport in tir& bat do not freeze.
Analyse within 2 days. Unit of measurement is Gi#M0/m. Note
that freezing may produce irreversible changeslumgcolour.

CONCLUSION

Sampling for water quality parameters constitutesnaportant step before
the analysis of water. This activity must be carmeit carefully in order to
avoid the introduction of errors to such analyses.

5.0

SUMMARY

In this unit, we discussed the methods employetthencollection of water
samples for individual water quality parametergcputions to be taken
during sampling and methods used for their analyses

6.0

1.
2.

B w

TUTOR-MARKED ASSIGNMENT

Explain the measurement of electrical conductivity.
Explain the measurement of dissolved oxygen, teatpe¥, salinity,
and pH.
Explain the measurement of turbidity.
Explain the sampling procedures for total and welasuspended
solids.
Explain the sampling procedures for nitrogen arldted nitrogen
compounds.
Explain the measurement of total phosphorus cual totd organic
carbon.
Explain the measurement of soluble reactive séind biochemical
oxygen demand.
Explain the measurement of total water hardnessragtels.
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UNIT 3 MANAGEMENT OF SELECTED MARINE,
BRACKISH AND FRESH WATERS

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Sources of Groundwater Pollution
3.2  Management of Groundwater Pollution or Contetion
3.3  Wetland Management
3.4  Estuary and Coastal Pollution
3.5 Management and Protection of Continental Sheehid
Territorial Sea
3.6 Management and Protection of Claimed Exclukgenomic
Zone
4.0 Conclusion
5.0 Summary
6.0 Tutor—Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Water bodies are important habitats for fish, othquatic animals and
plants. Their management is important in ensurihgt tthey remain
available for growth and sustenance of aquatic alsirwhich should also
be available for human and animal consumption. dther uses of the
aquatic environment also need to be sustainedifard generations

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

discuss the sources of groundwater pollution

discuss the management of groundwater polluticcoatamination
discuss the wetland management

discuss the estuary and coastal pollution

discuss the management and protection of contihesielf,
territorial sea and claimed exclusive economic zone
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3.0 MAIN CONTENT

The effect of pollution depends on the water botlyimpacts.
Pollution of running water, large river or mealsigbhare natural
components of water may not show may show venrg lithpact or
impacts may show where the water flows to.

3.1 Sources of Groundwater Pollution

Groundwater flows slowly beneath the earth’s swfat aquifers

(porous geologic formations). Sources of groundwadellution

include:

1. Water-soluble pollutants (e.g. agricultural chersrand the
quantity of pollutant reaching the groundwater aepen soil
type, pollutant characteristics and distance to the
groundwater.

2. Runoff on soil surface percolates into groundwatéh a
portion of its pollutant load (e.g. nitrate in wasfrom animal
production operations).

3. Pathogens e.g. viruses, reach groundwater throaglage.
Improperly treated septic systems can contaminate
groundwater.

4, Improperly protected landfills can leach contamisamto

groundwater including petrochemicals from leaking
underground-storage tanks.

5. Groundwater can contain detectable levels of pdstc
Management and pollution cleanup for groundwateveisy
difficult and expensive. It is better to prevent it

3.2 Management of Groundwater Pollution or Contamimtion

1. Use pesticides with low tendency to migrate intougxdwater or
apply very limited amounts to reduce run off orckeag with rain.

2. Pump-and-treat: The groundwater is pumped to thkace, treated
to remove pollutants, and returned to its sourdas Takes a long
time and may produce little changes in water gyalit

3. Building underground barrier to prevent contamigsanfrom
spreading off-site. This works only for shallow tesa that is
contaminated in a way that it can realisticallycbatained.

4, Groundwater can be treated situ, e.g. by digging trenches, and
installing tons of iron filings mixed with sand the path of the
groundwater. Contaminated groundwater flows thromgind some
organic pollutants like trichloroethylene reacttwthe iron to form
benign products.

5. The use of anaerobic microorganisms to degradeaghtaminants.
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3.3 Wetland Management

Wetlands are areas inundated by water throughoduong some part of
the year. Wetlands absorb surplus nutrients, sedsnand other pollutants
before they reach rivers, lakes or oceans. Theg alssorb and slow
floodwaters, thereby reducing flood damage. Wedapibvide habitat for
many species of plants and animals. They act a@ensudgainst pollution
but excess pollution can harm living organisms inithietlands.

Wetland management involves activities that caondrelucted with, in and
around wetlands to protect, restore, manipulatepmvide for their

functions and values. Natural wetlands are thos¢ dio not result from
human activities. The management goal for undisriwvetlands is to
continue existing functions such as buffers foreotteceiving water bodies.
Two main facets of managing wetlands for protectiociude buffering

wetlands from direct human pressures and main@inatural processes in
surrounding lands that affect wetlands and may iseupted by human
activities.

Protection of wetlands through assignment of dedaghuse: The level of
protection provided should conform to the desigmhatse established for a
wetland. Factors to consider in setting the deseghase and developing a
management strategy for a wetland are

Wetland type and landscape location

Surrounding land uses

Cumulative impacts on the wetland

Vegetation quality

Presence or absence of rare or endangered species
Surface water quality

Wildlife habitats

Cultural values.

Pressures on wetlands created by human and otiéties:

J Fragmentation of wetlands with roads or other linéacility
crossings

. impacts of recreational uses

) impacts from adjacent property owners, partial ol fwvetland
owners
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incursion of trampling , soil compaction, intengazng and waste
loading

pest control treatments, pedestrian access, mowvamgjscaping
waste dumping

hydrologic alterations such as ditch constructidewatering by
redirecting contributing land area inflows, impews surfaces
increased sediment, nutrient, metals, pathogenso#rat pollutant
loadings from waste water discharge

changes in physical characteristics of inflows sashtemperature,
dissolved oxygen, turbidity, pH due to activities

atmospheric deposition of pollutants

introduction of nuisance and exotic plant and ahspacies

loss of more sensitive wetland species due to @mamy adjacent
land uses.

Buffers and other protective measures for wetlands

A buffer consists of a band of vegetation alongpgkemeter of a wetland
or a water body. A buffer design must consider theure of the
encroaching activity, the buffer itself, the resmito be protected and the
buffering function to be performed.

Criteria for determining adequate buffer size to protect wetlands
(Castelle, 1994)

Wetland functional value-level of disturbance arghsitivity to
disturbance

Intensity of adjacent land use

Buffer characteristics - vegetation density, st complexity, and
soil condition.

Specific functions.

Functions of buffers
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Sediment removal

Nutrient transformations and removal

Metals and other pollutants’ reduction

Storm water reduction through infiltration

Reduction of water temperature

Reduction of human impacts by limiting access amdmising edge
effects from noise, light, temperature

Protection of interior wetland species

A barrier to invasion of nuisance and exotic spgcie
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Protective Management of wetlands involves maiirtginimportant
management processes that operate on wetlandstifimutside and that
may be altered by human activities e.g. fire, mdsquontrol and
construction.

3.4 Estuary and Coastal Pollution

Brackish water is found where ocean or marine waegts with freshwater
from rivers such as in estuaries. An estuary isjtimetion where a river
flows into the ocean. It is an intertidal zone e@oning partially fresh and
salty water. Many estuaries have been modified loydn activities with

about 80% of the pollution in estuaries and coaaths coming from land-
based sources. Causes of pollution in estuariesastal areas include:

1. The large human population mainly within or closecbastal areas:
a third of the world’s population lives within armred kilometres of

a coastline.

2. Use of large quantities fertilisers that runofffdus reactive nitrogen
and phosphorus.

3. Increase in impermeable surfaces (e.g. concretersflotarred
parking lots) promote runoff of several pollutants.

4. Destruction of coastal wetlands by filling, draigifor construction

reduce space for water absorption, ground wateharge and
absorption of pollutants.

5. Coastal waters are stressed by pollution, fisheaad wildlife
populations are affected.

3.5 Management and protection of continental shelfand
territorial Sea

According to the UN Convention of the Law of theaS¢éhe Continental
Shelf is the area of the seabed and subsoil whitbnds beyond the
territorial sea to a distance of 200 nautical mii@sn the territorial sea
baseline and beyond that distance to the outer efiglhe continental
margin. Coastal states have sovereign rights dnvecontinental shelf (the
national area of the seabed) for exploring and atipd) it; the shelf can
extend at least 200 nautical miles from the shame, more under specified
circumstances.

The territorial sea is defined under the Unitedidiet Convention on the
Law of the Sea (UNCLOS) as the 12-nautical mileezémom the baseline
or low-waterline along the coast. The coastal Satevereignty extends to
the territorial sea, including its sea-bed, subswitl air space above it.
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3.6 Management and protection of Claimed Exclusive
Economic Zone

Under UNCLOS, coastal States can claim soveregmsiin a 200-nautical
mile exclusive economic zone (EEZ). This allows fexploration,
exploitation, conservation and management of atilinah resources in the
seabed, its subsoil and overlaying waters. UNCL{$va other states to
navigate and fly over the EEZ, as well as to lapnsarine cables and
pipelines. The inner limit of the EEZ starts at theter boundary of the
territorial sea. Under UNCLOS, "land-locked and ge@phically
disadvantaged states have the right to participatan equitable basis in
exploitation of an appropriate part of the surpdfighe living resources of
the EEZ's of coastal States of the same regionlmregion.”

4.0 CONCLUSION

All fresh and saline water are subject to distudesn This implies that for
them to remain as useful resources, they must bpepdy managed and
protected against human and other influences.

5.0 SUMMARY

In this unit, we have discussed the managemenbmiesaquatic habitats
such as groundwater, wetlands and some coastabaments.

6.0 TUTOR-MARKED ASSIGNMENT

Explain the sources of groundwater pollution.

Explain the management of groundwater pollutionartamination.
Explain the wetland management.

Explain the estuary and coastal pollution.

Explain the management and protection of continestzelf,
territorial sea and claimed exclusive economic zone

arownNpE
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MODULE 4

Unit 1 Framework for Water Pollution Control

Unit 2 Water Quality Standards

Unit 3 Water Quality Monitoring

Unit 4 Clean Up and Control of Specific Pollutants

UNIT 1 FRAMEWORK FOR WATER POLLUTION
CONTROL

CONTENTS
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3.1 Principles and Recommendations for Sound WRésources
Management (UNCED, 1992)
3.2 Initial Analysis of Water Quality Problems alugntification
of Water Quality Problems
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1.0 INTRODUCTION
Water pollution should be managed under a guidiaghéwork. There are
principles and recommendations for water resourcenagement as

recommended by UNCED, 1992. It is important to gsa| categorise and
prioritise water quality problems that require $w@lns
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2.0 OBJECTIVES

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

) state the principles and recommendations for souetér resources
management (UNCED, 1992)

) discuss the initial analysis of water quality peybhs and
identification of water quality problems

) explain the categorisation and prioritisation of teva quality
problems

. discuss the required management interventions

J define long-term and short term objectives for wapsllution
control

. discuss the management tools and instruments féerwmllution
control

. discuss the regulations, management procedureyalaavs.

3.0 MAIN CONTENT

3.1 Principles and Recommendations for Sound Water
Resources Management (UNCED, 1992)

Freshwater is a finite and vulnerable resourceerdisd to sustain life,
development and the environment. Land and wateyuress should be
managed at the lowest appropriate levels. The govent should provide
an enabling role in a participatory, demand-drivapproach to
development.

Water should be regarded as both social and ecengoad. Water and
land-use management should be integrated. Thetersector and women
have important roles in water management.

Water pollution control is an aspect of water re@ses management. It
entails the maintenance, development of adequatetijes and quality of
water. Water resources management should involtervegiality aspects.
A step-wise approach proposed (UNCED, 1992), casegrihe following

elements:

1. Identification and initial analysis of water poiln problems.
2. Definition of long- and short-term management otiyes.
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3. Derivation of management interventions, tools andtruments
needed to fulfill the management objectives.
4, Establishment of an action plan, including an acpoogramme and

procedures for implementation, monitoring and updpdf the plan.

3.2 Initial Analysis of Water Quality Problems and
Identification of Water Quality Problems

Management of water pollution requires a propemitefn of the problem
to be managed, identify problem areas requiringrugntion. Tools for
analysis and prioritisation of water quality prabare important and help
make the best use of the available resources. &ntifg water quality
problems, carry out a water resources’ assessmdmthwis the
determination of the sources, extent, dependapiitd quality of water
resources, on which is based an evaluation of tssipilities for their
utilisation and control" (WMO/UNESCO, 1991). This an integrated
activity involving water pollution control and othevater resources issues.
The water resources assessment should form theigatabdasis for
management of water pollution and water resourties.objective of water
resources assessments include

“Ensuring the assessment and forecasting of thatdyaand quality of
water resources, in order to estimate the totahtiiyaof water resources
available and their future supply potential, toedetine their current quality
status, to predict possible conflicts between sp@pld demand and to
provide a scientific database for rational wateotgces utilisation".

The assessment should identify the occurrence dh Isnrface and
groundwater quantity and their associated wateditguaogether with
assessment of trends in water requirements and r wedsources
development. The assessment should be based otingxsata and
knowledge. The objective of the assessment is émtily and list the
problems, and priority areas within which more deth investigations
should be carried out.

3.3 Categorisation and Prioritisation of Water Quadity
Problems

Water quality problems fall into different categasirequiring different
management tools and interventions. For a natipnablem, a general
effluent standard or regulation may be needed. Iljo@dblems may require
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a local by-law, intervention or mediation. Waterality problems may be
classified as "impact issues" or "user-requirenmses".

. Impact issues come from human activities that neglgt affect
water quality or cause environmental degradation.

. User requirement issues result from inadequatehimg of user
specified water quality demand and the actual segpivater
guality.

Both types of issues require intervention fromractire or institution with

powers to resolve the issue. An impact issue igtified by the presence of
a pollution source or human activity causing degtiath of the aquatic
resources (e.g. sewage dumping), user-requirerasmées are identified by
absence of water of adequate quality for a spegcrfiatended use.

Priorities should be assigned to problems becaeseurces are limited.
Things to consider when assigning priority to wajeality problems are:

Economic impact

Human health impact

Impact on ecosystem
Geographical extent of impact
Duration of impact.

3.4 Required Management Interventions

For every problem identified, make an assessmetiteomost appropriate
means for intervention, indicate the relevant adstiative level(s) to be
involved. Interventions may range from formulatina national policy for

an unregulated issue to the establishment of abds¢acontaining water
guality monitoring results in a local monitoring iunExamples of

management interventions include:

Policy making, planning and co-ordination
Preparation/adjustment of regulations
Monitoring

Enforcement of legislation

Training and information dissemination.

akrwnNpE
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3.5 Definition of Long-Term and Short Term Objedives for
Water Pollution Control

Definition of long-term objectives includes the mdiéication of key
functions to be performed in order to achieve reably effective water
pollution control at all administrative levels. Aassessment of the full
potential for development of the general level @nagement should form
the basis for long-term objectives. The situatitmamed by fulfilling the
long-term objectives for water pollution controhasild be satisfactory to
society. The guiding principles for water resourogmagement should be
reflected in the long-term strategy. Managemerthatlowest appropriate
level e.g. local government should be pursued thindhe identification of
the lowest appropriate level for all identified kieyctions, irrespective of
the present level of management.

Analysis of present capacity

The main issue in the analysis of present cap#&itye identification of the
potential of, and constraints upon, the presentageament capacity and
capability in relation to carrying out the manageininctions defined in
the long-term objectives. Factors such as suitgbibf institutional
framework, number of staff, ability to recruit rebsmt new staff, staff
training, educational background, and availabiliy financial resources
should be considered. The analysis must includeshlyant administrative
levels. The regions or districts should be choséh & view to selecting a
representative cross-section of diversity in wataality problems and their
management.

Short-term strategy

The duration of the "short-term" should be defined. period of

approximately five years is suggested, becausaghisughly the planning
horizon that can be controlled reasonably well &oréseen without too
much dependency on future development scenarioenWiefining the
short-term strategy ensure that the fulfilment lué short-term objectives
will significantly contribute to achieving the losigrm objectives.

3.6 Management Tools and Instruments For Water Pailtion
Control

Tools and instruments are inputs to the overallcgss of achieving
effective water pollution control. They are meansatidressing identified
problems. Appropriate tools are needed to solveemyadllution problems
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and the selected tool(s) should be available ardabpnal within the right
institutions. Principles for selecting and combgmanagement tools are:

1. Balance the input of resources against the sevefifgroblem and
available resources. This principle entails a reable input of
financial, human or other resources to handle zipgroblem
depending on priority and severity.

2. Ensure sustainability: This principle has a begatpon the methods
and technical solutions that should be considevedhie purposes of
water pollution control. Technical solutions shouddd simple for
example, the use of stabilisation ponds for wastewaeatment.
Build on existing institutions rather than new anes

3. Seek "win-win" solutions: Apply instruments ath lead to
improvement in water pollution control as well asather sectors
(Bartonest al., 1994; Warford, 1994). Economic instruments are
often in the "win-win" category.

3.7 Regulations, Management Procedures and By-laws

Regulationsare the supporting rules of the relevant legisfatRegulations
can be made and amended at short notice, and eeitpeirapproval of the
minister or cabinet to become binding. Regulatiepecify the current
policies, priorities, standards and proceduresappty nationally.

Management proceduresare guidelines and codes of practice that ensure
consistent responses in problem solving and detisiaking. Such
procedures contain more details supporting theslagon, regulations and
specifying the steps to be taken in implementingi@sar provisions, e.g.
regulation of wastewater discharge. For exampleguledions and
procedures pertaining to wastewater discharge wmdidide descriptions

of procedures for applying and granting a permitlistharge waste-water

to a recipient, procedures for monitoring complanath the permit, fees
and tariffs to be paid by the polluter, and finesrion-compliance.

By-laws are made by legally established body, such astaadlior state
government and can, for example, determine thelaggn and pollution of
local water resources. By-laws made by lower lawstitutions cannot
contradict those made by higher level institutions.
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4.0 CONCLUSION

The framework of water pollution control consistsseveral steps part of
which include, identification of problems, categation of problems which
helps in allocation priorities to finding solutions such problems. Some
management tools are also employed.

5.0 SUMMARY

In this unit, we studied the framework for watetlgiion management - a
part of Agenda 21 (UNCED, 1992) to help retain wafgality in order to

meet each designated use. We discussed the identh, categorisation,
prioritisation of problems and management toolsdusemanage pollution
problems.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the principles and recommendations for soumater
resources management (UNCED, 1992).

2. Explain the initial analysis of water quality prebls and
identification of water quality problems.

3. Explain the categorisation and prioritisation of t&va quality
problems.

4, Explain the required management interventions.

5 Explain the definition of long-term and short tewobjectives for
water pollution control.

6. Explain the management tools and instruments faempollution
control.

7. Explain the regulations, management procedurepgaws.
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UNIT 2 WATER QUALITY STANDARDS
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Fixed Emission Standard Approach
3.2  Environmental Quality Standard Approach
3.3  Economic Instruments
3.4 Factors Affecting the Successful Implementaticof
Economic Instruments
3.5 Regulatory Versus Economic Instruments
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Water quality standards are numeric values or teeradescriptions of
water quality parameters that are meant to suth&rdesignated uses of a
water body. Water quality standards involve notyottle actual criteria
associated with water quality parameters, but hewam levels of those
parameters negatively affect the use of the water Hfuman and/or
ecological purposes. Water quality standards consistwo different
elements namely designated use and water qualigyiar

2.0 OBJECTIVES

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

o discuss the fixed emission and environmental quaditandard
approach

o state the economic instruments and factors affgc8occessful
implementation of economic instruments

. state the differences between regulatory and enaniastruments.
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3.0 MAIN CONTENT

Water quality standards are part of regulationser&hare several sets of
water quality standards, or guidelines for watealigy standards issued by
various agencies and authorities (e.g. United Stavironmental
Protection Agency (EPA), World Health OrganisatiHO), European
Union (EU), Federal Environmental Protection Agemcy 988 (now under
Federal Ministry of Environment) intended to defitke maximum
acceptable limit of water pollution by various pméints. Standards for
ambient water quality (quality objectives) are desited depending on the
intended use of the water resource (e.g. drinkiradew fishing water,
spawning grounds).To establish water quality stedgjaidentify and
describe how surface waters are used and what watdity parameters
should be managed. The “designated uses” of a vimtdy are grouped
into four categories:

) Agricultural and industrial water supply providesater for crop
irrigation, livestock drinking, or process waterr fondustrial
activities.

) Recreation water is for human activities that imreolcomplete

immersion (swimming, diving, and water-skiing) ancomplete
immersion (boating, fishing, or wading).

o Public water supply provides water for drinkingdashomestic use
by man.

. Aquatic life includes waters that support the gtowand
reproduction of wildlife species (USEPA, 1994, 2p07

Effluent standards are usually based on either haf following two
principles, or a combination of both:

3.1 Fixed Emission Standard Approach

This approach requires some treatment of all wastwregardless of its
conditions and the use of the receiving water b&igndards or guidelines
developed according to this approach must be vesirictive in order to

protect the environment effectively. They must ¢des the most critical

situations and locations.
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Advantage: This approach requires simple adminiggamplications.
Disadvantages:

. Incurring unnecessary treatment costs.

. Lead to inappropriate treatment and excessive faiudepending
on the emission standards and the absorbing cgpatitthe
receiving water body.

3.2 Environmental Quality Standard Approach

This approach involves defining the effluent stadd&do allow compliance
with the quality objectives for the receiving waterdy. This allows for a
more flexible administration of environmental maeagnt, and
optimisation of treatment efforts and costs. Theelleof treatment can be
tuned to the actual assimilation capacity of theenang waters.

Problems with this approach include:

) Difficulty in practical application.

) Knowledge of the absorptive capacity requires stsidof the
hydraulic, dispersive, physico-chemical and biatagiconditions of
the water body.

. Plans for future development in the area shoulddpsidered.

. The costs of applying these principles may be igh m developing
countries.

. The administrative capacity to enforce high watealdy standards

may be lacking. Only regulations that can be emdrshould be
implemented. Water quality standards in developwuntries
should be adjusted to reflect the local economigd #echnological
realities.

3.3 Economic Instruments

Application of economic instruments in water patat control offers
several advantages e.g. providing incentives farrenmentally sound
behaviour, raising revenue to finance pollution tooin activities and
allowing the attainment of water quality objectivddhe main types of
economic instruments applicable in a water polluticontrol include
(Warford, 1994):

1. Resource pricing
2. Effluent charges
3. Product charges
4. Subsidies or removal of subsidies and non-compdidees (fines).

70



AFM 510 MODULE 4

Successful implementation of economic instrumentepedds on
appropriate standards, effective administrativenitooing and enforcement
capacities, institutional co-ordination and ecoronstability. Effluent
charges, for example, require a well-establisheablemy environment and
large institutional capacity and co-ordination whproduct charges are
easier to administer (Warford, 1994).

3.4 Factors Affecting the Successful Implementatio of
Economic Instruments

1. Appropriate setting of prices and tariffs - verwldines, prices or
tariffs may allow polluters to pollute and pay thees. Low prices
will not generate adequate revenues for system atipar and
maintenance. Prices should cover direct costs, riynmty costs and
environmental costs (Nordic Freshwater Initiatii/891).

2. Economic instruments incorporate the polluter-payseiple to
various degrees. Subsidies counter the pollutes-payciple but
may be applied for political or social reasonslugfht charges work
with the polluter-pays-principle.

3.5 Regulatory versus Economic Instruments

Compared with economic instruments, the regulatgpproach to water
pollution control offers a reasonable degree ofdigtability about the
reduction of pollution, i.e. it offers control touthorities over what
environmental goal scan be achieved and when tley e achieved
(Bartoneet al., 1994). A major disadvantage of the regulatory aapinois
its economic inefficiency.

Economic instruments provide incentives to modihe tbehaviour of
polluters in support of pollution control and reuento finance pollution
control activities. Economic incentives are betaited to deal with non-
point sources of pollution. In developing countri¢ise most important
criteria for balancing economic and regulatory rimstents should be cost
effectiveness and administrative feasibility. Whtlghly toxic discharges,
or when a drastic reduction or complete halt in disecharge is required,
regulatory instruments (e.g. a ban) rather thameeic instruments should
be applied.
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4.0 CONCLUSION

Water quality standards form an important aspectegulation. Several
approaches are used to maintain these standardslaRey instruments
are compared with economic instruments.

5.0 SUMMARY

In this unit, we discussed the approaches useckttierrdine water quality
standards. Economic tools and factors affecting ithplementation of
economic tools were explained. Economic instrumevgse distinguished
from regulatory instruments.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the fixed emission and environmental gyaktandard
approach.

2. Explain the economic instruments and factors afigcsuccessful
implementation of economic instruments.

3. Explain the differences between regulatory and eooo
instruments.
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UNIT 3 WATER QUALITY MONITORING
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Definition of Water Quality Monitoring
3.2 Monitoring Systems
3.3 Elements to Consider in the Implementation Ruadctioning
of a Monitoring System
3.4  Problems of Monitoring Programmes
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Water quality monitoring involves the assessmehthe characteristics of
a water body relative to set standards. This givdésrmation on the
adequacy of such bodies of water to serve desidnpteposes. Water
guality monitoring programmes are carried out toetneertain pre-
determined objectives.

2.0 OBJECTIVES

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

. define water quality monitoring

. discuss the design of an operational and adequanéaring system

. state the elements to consider in the implememiatial functioning
of a monitoring system

J state the problems of monitoring programmes.

3.0 MAIN CONTENT

3.1 Definition of Water Quality Monitoring

Water quality monitoring is the practice of assegshe chemical, physical,
and biological characteristics of water in streamakes, estuaries, and
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coastal waters and groundwater relative to setdatals and providing

information on whether these waters are adequatsplecific uses such as
drinking, swimming, irrigation, and ecosystem seeg. The objectives of
water quality monitoring include:

) Identifying specific water quality problems thafeaft the health of
humans and ecosystems.

) Determining long-term trends in water quality.

) Documenting effects of pollution prevention or relagion.

) Providing evidence for regulation compliance argalalisputes.

3.2  Monitoring Systems

Monitoring programmes collect data from chemicabldgical analyses of
water samples or field equipment. The design of operational and
adequate monitoring system must:

1. Take account of the required additional managenteols to be
used.

2. The complexity and size of the area to be monitored

3. The number of pollutants monitored.

4 The frequency of monitoring.

These have to be balanced against available resouftie data obtained
determine the complexity of management tools thatle supported by the
monitoring system.

3.3 Elements to Consider in the Implementation and
Functioning of a Monitoring System

Identification of decision and management inforimatneeds.
Assessment of capacity e.g. economic and humanaiatain the
monitoring system.

3. Proper design of the monitoring programme and émantation of
routines according to defined objectives.

Data collection.

Data handling, registration and presentation.

Data interpretation for management.

N =

o a0 A
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3.4 Problems of Monitoring Programmes

All monitoring programmes are restricted by sometdes. Some
information gaps have to be filled before a ratlodacision about
monitoring system design can be taken with respea specific water
qguality problem. There is a lack of coupling betweeneasured
concentrations and water flow or discharge measemnén making
guantification of pollution transport difficult.

4.0 CONCLUSION

Monitoring involves the regular watch of the enwinegent. It is the process
of assessing the chemical, physical and biologibakracteristics of water.
We also discussed the problems associated withr wasdity monitoring.

5.0 SUMMARY
In this unit, we studied water quality monitoringithw regards to its

definition, monitoring systems, implementation afhctioning of a
monitoring system, and the problems of a monitogystem.

6.0 TUTOR-MARKED ASSIGNMENT

1. Give in details the definition of water quality mtmming.

2. Explain the design of an operational and adequatmitoring
system.

3. Explain the elements to consider in the implemematand
functioning of a monitoring system.

4. Explain the problems of monitoring programmes.
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UNIT 4 CLEAN UP AND CONTROL OF SPECIFIC
POLLUTANTS

CONTENTS

3.0 Introduction

4.0 Objectives

3.0 Main Content
3.1 Cleaning up Metal Pollution
3.2  Bioremediation and Phytoremediation
3.3 Reducing Pesticides through Integrated Pestalfament

(IPM)

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Specific measures may be required to clean up ortaco specific
pollutants. Such pollutants include pesticides,aisesuch as lead. In this
unit such methods are explained.

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

discuss the methods of cleaning up metal pollution

mention the process of cleaning up metal pollution

discuss the process of bioremediation and phyt@detion

discuss the process of reducing pesticides throotgyrated pest
management (IPM).
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3.0 MAIN CONTENT

3.1 Cleaning up Metal Pollution
Methods of dealing with metal contamination include

1. Excavate the soil, treat it, and place it in a fdhdedicated to
hazardous wastes. This option is expensive, anglgimoves the
problem “away” without solving it.

2. Stabilise the metals on site by heating the sod temperature high
enough to melt the soil into a hard mass (vitrifma). Stabilised
metals are less likely to leach.

3. Mixing the soil with cement and letting it solidify

4. Metals can sometimes be removed from the soil. Miéod used
depends on the metals involved e.g.

3.1.1 The Terra Met Process for Cleaning Lead

This method has been used to clean up lead andstoo$ the following
steps:

Separate the contaminated soil into its compon@nrtsrel, sand, silt, and
clay).Wash the gravel to remove most lead; theurmet to the site. Shake
the sand in water. Because lead is denser than saattles to the bottom
and is removed. Treat the sand itself with a chahiicat dissolves the
remaining lead. Return the cleaned sand to the Siat the chemical
solution to precipitate the lead from it; recoviee tead for recycling. Treat
the silt and clay using methods similar to thogestind, and return these to
the site.

3.2 Bioremediation and Phytoremediation

Some trees such as the poplar and willow treesacaaomulate organic
solvents. Other living organisms can be used tcethate hazardous waste
sites contaminated with oil or ammunitions, or teao up contaminated
water or sediments. The microorganisms and plasdsl ust concentrate
the contaminant of concern, but not be poisoned iby To use
bioremediation successfully, investigate the sit&riow the pollutants, the
characteristics of its soil and water, and micraoigms naturally present.
Site microbes are adapted to degrade organic wastes
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Microbial actions work faster with provision of féiser for the microbes.

At metal- contaminated sites, microorganisms carmlestroy metals, but
can convert them to less hazardous forms or leadetal stabilisation e.g.

in the conversion of suphate to sulphide by miggaarsms, sulphide reacts
with metal contaminants to produce metal suphidbgchvare insoluble

(metal immobilisation).Microbes have also been albde concentrate

plutonium, a (radioactive element) and natural obes are used in
remediation projects, while bioengineered organisanrs degrade specific
chemicals.

Phytoremediation is an aspect of bioremediationve&g plants can
accumulate metals from soil or water. Plants that eccumulate high
concentrations without adverse effects are hyperaotators. Some can
accumulate metals up to 40% of their weight. Theyrarvested and burnt
to recover the metals. Sunflower and some fernse hawen used to
accumulate some metals.

Advantages

Plants and microbes have large potentials for réatiagd chemicals. It is

cheaper than most other methods and work with abgystems though

bioremediation cannot degrade or take up all th@azoinant in the soil or

water. Microorganisms use the organic chemicaly ttegrade as sources
of nutrients for their growth. Low concentrationiStbe chemicals reduce
available nutrients for growth of microbes.

3.3 Reducing Pesticides through Integrated Pest Ndagement
(IPM)

Integrated pest management, is an effective andamentally sensitive
approach to pest management that relies on a catidmnof common -
sense practices.IPM programmes use current, coepsete information
on the life cycles of pests and their interactioiih the environment. This
information, in combination with available pest trmh methods, is used to
manage by the most economic way, and with the Igassible hazard to
people, property and the environment. The IPM apgiacan be applied to
agricultural and non- agricultural activities. IPtdkes advantage of all
appropriate pest management options including butimited to the use of
pesticides. In contrast, organic food productiopligs many of the same
concepts as IPM but limits the use of pesticidethtse that are produced
from natural sources, as opposed to synthetic adasi
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How does IPM work?

IPM is not a single pest control method but a seakpest management
evaluations, decisions and controls. In practid¢iPigl follows a four-tiered
approach.

. Set action thresholds
Before taking any pest control action, IPM firsttssen action
threshold, a point at which pest populations or iremmental
conditions indicate that pest control action mustidken. The level
at which pests will become an economic threat iicat to guide
future pest control decisions.

) Monitor and identify pests
Not all insects, weeds and other living organiseguire control.
Many organisms are innocuous and some are benefiéti
programmes monitor pests and identify them so #ypgiropriate
control decisions can be made in conjunction wdtoa thresholds.
This monitoring and identification allow pesticidese only when
needed and the right kind of pesticide will be used

o Prevention
As a first line of pest control, IPM programmes wéts manage the
crop, to prevent pests from becoming a threat usitigiral methods
such as crop rotation, selecting pest —resistamtties and planting
pest-free rootstock. These control methods can drg effective,
cost efficient and present little to no risk to pko or the
environment.

. Control

When monitoring, identification and action thresiwindicate that
pest control is required and preventive methods ravelonger
adequate or available, IPM programmes evaluatgibper control
method both for effectiveness and risk. Effectiless risky pest
controls are used first including highly targetdeemicals, such as
pheromones to disrupt pest mating, or mechanicafral) such as
trapping or weeding. If further monitoring, identdtions and action
thresholds indicate that less risky controls aré working, the
additional pest controls would be employed, such tageted
spraying of pesticides. Broadcast spraying of noecHic
insecticides is a last resort.
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Other methods are the use of biological contral madgural enemies of pests
(e.g. parasitic insect that preys on the pest (ergying mantis). Large
numbers of a pest’'s eggs can be hatched, raisadiidthood, sterilised, and
released. The sterilised pests mate with normagciss but with no
offspring are produced or ensuring that enoughthtlgxists to allow a
pest’'s natural enemies to grow. An exotic enemy fmaymported from a
distant location.

4.0 CONCLUSION

Specific methods for cleaning up or reducing pals include
bioremediation, integrated pest management for dieduthe use of
pesticides.

5.0 SUMMARY

The different methods of cleaning or remediatingc#iic pollutants have
been explained in this unit.

6.0 TUTOR-MARKED ASSIGNMENT

Explain the methods of cleaning up metal pollution.

Explain the process of cleaning up metal pollution.

Explain the process of bioremediation and phytociatmn.

Explain the process of reducing pesticides throungégrated pest
management (IPM).

PwpPE
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1.0 INTRODUCTION

It is necessary to promote efforts aimed at imprgwater quality so as
to ensure availability of water in quantity and ljyafor future use.

Methods of improving water quality help to ensuhgs tavailability.

Similar methods are used for both wastewater andkidg water

purification. These methods combine mechanical, mit& and

biological processes.
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2.0

OBJECTIVES

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

3.0
31

mention the procedure of waste water treatment

state the methods of improving drinking water gyali

discuss the process of re-using wastewater or neglits volume
explain the construction of wetlands

discuss the method of reducing nonpoint sourceswater
pollution

discuss the method of reducing nonpoint sourceffuinom
other activities

MAIN CONTENT

Wastewater Treatment

Wastewater is tap water after it has been useaimmels and institutions
for drinking, bathing, flushing toilets, and othmirposes.

Primary treatment

Primary treatment removes large objects, trashsamaller solids

such as sand and small stones. Suspended solid&hein
wastewater are settled out by chemical treatmenstMOD and

many pathogenic organisms settle out with the swigxk solids.

Reactive nitrogen and phosphorus are only partigiyoved in

this process. The settled solids — primary sludgege-removed
leaving the wastewater to move on to secondaryneat. Most

groundwater does not need screening.

Secondary treatment

Soluble organic contaminants in the wastewaterdggested by
bacteria which multiply rapidly during this proce3ese settle
out from the secondary wastewater, and are recdvere
secondary sludge. The final step is to disinféet water with
chlorine before discharge. Standard wastewater tnbess

removes only a portion of the nutrients — reactnteogen and
phosphorus which can be detrimental to receivingterga
Advanced treatment is necessary for nutrient remoMan-

conventional contaminants such as excessive calway also
need to be removed from some wastewaters.

Tertiary treatment

This involves the use of further filtration or chieals to destroy
pathogens and remove chemicals (discussed in Kies@etion)
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3.2 Methods of Improving Drinking Water Quality

Screening removes large debris that may interfere with othesttment
steps. Storage of water obtained from rivers arfterotsources in
reservoirs for some time (days to months) may alh@tural biological
purification of the water to occur. This is impartavhen using slow
sand filters.

Adjustment of pH

Pure water has a pH close to 7 but fresh watevaanin pH depending

on the geology of the drainage basin or aquifer #oed presence of
contaminants. If water is acidic, lime, soda askamlium hydroxide can
be added to increase the pH during water puribeatifhe addition of

lime increases the calcium ion concentration thenelising the water

hardness. For very acidic waters, degasifiers eansed to raise the pH
of the water by removing dissolved carbon dioxiaeT the water.

Making the water alkaline helps coagulation anddidation processes,
minimises the risk of lead dissolving from pipesoirdrinking water.
Acid may be added to alkaline waters to reduceliaikaor pH.

Coagulation and flocculation

Coagulation entails the addition of chemicals taluee suspended
particles in water (e.g clay, silt, algae, bacteviauses, protozoa and
organic matter). Organic and inorganic particlesitebute to the

turbidity and colour of water. Addition of inorgancoagulants (e.g
aluminum sulphate -alum or iron Il salts e.g. irbhchloride cause
many reactions among particles in water. Inorganagulants neutralise
negative charges and precipitate metal hydroxides énd aluminum).

Flocculation refers to the formation of large animps metal
hydroxides e.g. iron Il and aluminum which adscahd enmesh
particles in suspension and allow their removalskgimentation and
filtration.

Sedimentation or clarification

Water from the flocculation process enters sediatemt basin where
there is low water velocity which allows the flax gettle to the bottom.
The sedimentation basin depth must be of sufficiemith so that water
currents do not disturb the sludge and settledgbarinteractions are
promoted.

The settled particles form asludge at the bottonthef sedimentation
basin which must be removed and treated.
Filtration

86



AFM 510 MODULE 5

After removing the sludge, the water is filteredémove the remaining
suspended particles and unsettled floc. Types l@frdi include rapid
sand filters, pressure filters, slow sand filtend amembrane filtration.

. Rapid sand filters
This is the most common type of filter and contaatsivated
carbon or anthracite coal above the sand. It resxarganic
compounds that produce taste and colour but carembve
smaller particles. Some particles block the popasas or adhere
to sand patrticles. This requires back flushingkbaashing or air
scouring to clear the pores.

. Pressure filters
The pressure filters work on the same principleaax filters but
differ in that their medium is enclosed in a steedsel and water
is forced though it under pressure. They can filsenaller
particles than paper and sand filters; they are #nd liquids
flow through them rapidly; they can withstand hglessures and
they can be cleaned and reused.

. Slow sand filters
These filters are useful where there is sufficgmice and land
since water must pass through the pores very slovgy rely
on biological treatment processes rather than phlsiltration.
They are constructed with graded layers of sankd griavel at the
bottom and fine sand at the top. Another type ofdiltration is
bank filtration in which natural sediments on the river bank
filter out contaminants from incoming water.

o Membrane Filtration

This method is widely used for drinking water amivage. For
drinking water, membrane filters can remove alltipkas larger
than 0.2um. They are an effective part of tertia@gtment when
the water is to be reused in industry, for some ekiio purposes
or before discharge into streams. No filtration aHfectively

remove dissolved substances like phosphorus, estrand heavy
metal ions.

) Removal of ions and dissolved metals
Ultrafiltration membranes use polymer membranes with
chemically formed microscopic pores that filter alissolved
substances without the use of coagulalus.exchange systems
use ion exchange ion resin or zeolite — packednaoaduto replace
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unwanted ions e.g. the removal of?Cand Md" ions replacing
them with Nd and K ( removal of water hardness). This method
is also used to remove toxic ions like nitrite, deamercury,
arsenic etc.

) Precipitative softening
Water rich in hardness (calcium and magnesium im#eated
with lime (calcium oxide) and/ or calcium carbonate
precipitate calcium carbonate out of solution udimgcommon
ion effect.

o Electrodeionisation
Water is passed between a positive and a negdaceade. lon
exchange membranes allow positive ions to migraben fthe
treated water towards the negative electrode amg@tive ions
towards positive electrodes. Complete removal ofsidrom
water is calledlectrodialysis.

Disinfection
This is accomplished by filtering out micro-organs and by
adding disinfectants to kill pathogens which remaifter
filtration. Disinfected water is allowed to standr fsome time
before use.

. Chlorine disinfection
Chlorine or its compounds such as chloramine arraie dioxide
are used. Chlorine is a strong oxidant and rapkillg many
harmful microbes. But chlorine is a toxic gas whaitould be
used with care. Sodium hypochlorite when used do¢selease
chlorine gas. Chlorine is ineffective against pro@® that form
cysts in water such &iardia spp andCryptosporidium spp.

o Ozone disinfection
Ozone is an unstable molecule which readily givene atom
of oxygen providing a powerful oxidising agent whis toxic to
most water borne organisms. It is a very strongadbrspectrum
disinfectant which can inactivate cyst-forming pda. It also
works against many other pathogens but leaves sidua in
water.

o Ultraviolet disinfection
This very effective at inactivating cysts in lowliidity water but
its power decreases with increasing turbidity of thater. It
leaves no residual in water. Residual disinfectant be provided
by adding chloramines
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3.3

34

35

Solar water disinfection can be used in remotesasgal has a
lower impact on the environment.

Re-using Wastewater or Reducing its Volume

Reusing sewage indirectly for drinking water

In places where clean water is scarce, sewage earedted and
reused for drinking water. For example, in the spstation urine
is purified for drinking, food preparation, and Wwagy. Recycled
wastewater is also used in Israel, Singapore, ang pf Europe.

Reducing the volume of wastewater

Grey water describes all wastewater except thah#éd down
toilets. Grey water usually goes down the drainsh® sewage
line but some water-scarce areas recover it anggusi flush
toilets, wash cars, or irrigate plants. Wastewagetamation is
important in arid areas with large populations. afed
wastewater is used as cooling and process waterofomercial
washing, ornamental fountains, fire fighting, gotfourse
irrigation, creation of artificial wetlands, and ogndwater
recharge. The major concern when using reclaimeterwig
surviving pathogens.

Construction of Wetlands

Wetlands can be constructed to treat wastewates. Wétlands
remove nutrients, reduce suspended solids and BOG®effluent
can be used for plant irrigation, flushing toiletand for
groundwater recharge. Mature plants grown in theegihouse
can be sold.

Reducing Nonpoint Sour ces of Water Pollution

Agriculture is a major cause of non-point sourceofti of soil,
pesticides, fertilisers, and animal wastes int@emy lakes, and
other water bodies. Steps to reduce runoff from-npaint
sources include:

1. Plant grass or trees as buffer strips next to waaeies to
absorb the runoff.

2. When possible, use zero-tillage in which crop nesglare
not tilled into the ground, but left on soil to lirsoil
erosion and runoff.
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3. Fertilisers should only be applied when and wheseessary.
Excess application as runs off into surface wateinéltrate
down into groundwater as surplus.

4. Contour strip-cropping (planting rows of differestbps) helps to
lower both chemical runoff and soil erosion.

5. Use integrated pest management to reduce pestisale

6. Choose chemicals that are needed in small amooiki tveeds
or use herbicides are that are less water solulidleband more
tightly to soil.

7. In Livestock feed lots, methods exist to minimisenoff, but

large operations may allow animal waste solidsditiles out in
detention ponds.

8. Practice crop rotation e.g. between maize and leguapply less
fertiliser, and apply fertiliser with less runoff.

3.6 Reducing Nonpoint Sour ce Runoff from other Activities

. Provide buffer zones of grass or trees near wabelies onto
which runoff can flow.

. Build detention ponds or constructed wetlands wkach runoff
can flow for natural treatment.

. Seal off any open mine that is the source of runoff

. For large construction sites, reduce runoff byrigyout the sites

to makes use of or modify the land’s natural corgou
40 CONCLUSON

Several methods are used to improve water qualityi$e in the home
and industry. These methods wusually combine mechhni
(sedimentation, filtration, storage in reservoietc.) with chemical

methods (addition of chemicals) and biological rod#h (the use of
beneficial microbes). Some of these methods hagr bgplained in this

unit.

5.0 SUMMARY

In this unit, you learnt about the chemical, medtanand biological
methods of improving water quality .We also diseasshe different
methods of water treatment, reusing of reclaimederyawetland
construction and methods of reducing non pointcasiof pollution.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the procedure of waste water treatment.
2. Explain the methods of improving drinking water lifya
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3. Explain the process of re-using wastewater or negdudts
volume.

4. Explain the construction of wetlands.

5. Explain the method of reducing nonpoint sources water
pollution.

6. Explain the method of reducing nonpoint source furfimm

other activities.
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1.0 INTRODUCTION

Polluted water usually differs from pure water agxhibit different

biological and ecological characteristics. Somauratconstituents and
chemistry of water can change with the introductanpollutants or

contaminants. In this unit, you will learn aboutrso of the biological
and ecological changes that are associated withtpdlwater.

20 OBJECTIVE

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

. discuss the characteristics of polluted water.
3.0 MAINCONTENT

3.1 Characteristics of Polluted Water
Pollution can cause several changes in water gualith as:

o Eutrophication
Eutrophication is defined as an increase in the odtsupply of
organic matter into an ecosystem (Nixon, 1995)slalso the
process by which a body of water acquires a higicentration
of nutrients especially phosphates and nitrateschvipiromote
excessive algal growth. The algae die, decompodédigh levels
of decomposing organic matter deplete the watenwdilable
oxygen killing other organisms. It is a naturalvglaging process
for a water body (Art, 1993). Eutrophication is mated by
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anthropogenic wastes and nitrification of grounderaSurface
and groundwater can equally be affected by nutemichment
through percolation. Eutrophication causes:

o] Excessive algal bloom and fish death, increased
abundance of cyanobacteria.
o] Changes in aquatic fauna e.g. disappearance ofespec

with  high oxygen requirements compromise the
biodiversity of the aquatic communities (Boatmetnal,
1999).

0 Bad taste and odour occur due to water enrichment

o] Toxin production by algae (e.g. Cyanobacteria)illing
or clogging of canals with aquatic weeds, loss of
recreational use due to slime, weed infestatiod,lass of
targeted species.

o] High nitrate in water causes blue baby syndrome.

Acidification

Acidification of water is caused by air pollutiomine drainage,
industrial effluents and atmospheric emissions wplsur and
nitrogen oxides. Surface waters have pH 6-8.5.Fssiellfish,
aquatic insects have different tolerance leveladalic waters.
Species diversity decreases with acidification apdung
organisms are more sensitive. Effects of aciditjude:

o] Mobilisation of metals that can cause toxicity, .e.g
aluminium.

o] Affected animals can suffer toxicity, stress, inpdi
feeding and reduced survival. (Mohan and Kumarg81.99

o] Industrial effluents alter the chemistry of recetyiwaters
and make them more susceptible to acidification.

Salinisation

Agriculture, urbanisation and industrial activitiesan cause
salinisation. Toxic conditions occur when the cosipon and of
receiving waters are out of range of physiologicdérance of
organisms. Effects of salinity include:

o] Increased salinity encourages halo-tolerant species

o] Saline toxicity occurs with high levels of ions tigh
some effluents contain low levels of ions creatuoher
ionised conditions.
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. Trace metalsand mercury
Trace metals and mercury result from agricultumbanisation,
impoundments, mining and industrial effluents. Effe mainly
are due to long range transport:

o] They are harmful e.g. reduced growth rates, dimgtity.
o] Can magnify and accumulate along food chains
(biomagnification).

. Pesticides and oil spills
Pesticides form by-products some of which are tolon-
metallic toxins e.g. dioxins, furans, polycyclic oaratic
hydrocarbonsare formed mostly through incineratibrwastes.
Effects of pesticides are diverse (DEFRA, 2004).9pills cause
hydrocarbon contamination. Long range transporpafutant
also cause water degradation

J Sedimentation
This occurs from agriculture, forestry, urbanisationining and
some industrial activities. Effects of sedimentatioclude:

o] High turbidity decreases the amount of sunlight and
production of algae, plants and macrophytes. Turbid
waters irritate, scour gills or reduce success istal
predators.

o] Fish habitat degradation e.g. filling of spawnigavel
beds restricts oxygen from buried eggs.

o] Very fine sediments (<63um) are chemically actMany
toxic organic contaminants e.g. pesticides or thmjr
products are strongly associated with silt, clag arganic
carbon.

o] High sediment loads in water increase thermalugiolh
by increasing the absorption of light; impair natign
and water retention facilities by silting (Owen803).

o Temperature
Aquatic organisms have a narrow range of tempegatlerance.
Water bodies can buffer against atmospheric tenmpera
extremes. Thermal pollution is a direct impact ¢hg. discharge
of industrial cooling water into aquatic environreremoval of
vegetation on the riverbanks or creating impounds@m the
water bodies. Heated waters scour habitats and gehdhe
characteristics of receiving water bodies. Tempeeataffects
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physical, chemical and biological processes. Change
temperature can eliminate species adapted to theraha
fluctuations of water temperature in free flowingreams.
Increases in temperature also affect the levelsdistolved
oxygen in the water column (Canon and Rajaram, 001

Dissolved oxygen and Biological oxygen demand

Dissolved oxygen is needed for aerobic activitiéom@anisms
and influences chemical reactions. High concerminatof oxygen
indicate good water quality. The amount of dissdlegygen in
water is inversely proportional to the temperatame salinity of
the water. High algal blooms in surface water caplete DO
leading to death and decomposition of organismschvitause
further oxygen depletion. Biological oxygen demamders to
microbial consumption of oxygen. BOD increases withter
temperature. High water temperature increases grostes and
species abundance forming algal blooms (Lackly ldicérthur,

2000).

pH and alkalinity

The pH of an aquatic system is closely linked toldgical
productivity. pH of 6.5-8.5 usually indicates goadter quality.
Rain water is slightly acidic because of the carlwboxide
dissolved in it. The Hions entering a river basin in rain water are
neutralised by carbonate and silicate minerals agmpercolates
through soils. This neutralisation determines weetr not acid
precipitation will cause water quality impacts eceiving water
bodies. Where rocks have low buffering abilitieg. ehard
igneous rocks, the water will be acidic. Areas dstnegam of peat
bogs and wetlands produce acidic black waters watty little
hardness, mineral content and low biological proeitg.

Turbidity and suspended solids

The greater the suspended solids in water, theehighe

turbidity. The major source of turbidity in open tem is

phytoplankton growth, but closer to shores, palditas - clays,

silts, re-suspended bottom sediments and organicituse

dominate. Suspended solids result from sedimentsedaby

water. These sediments arise from activities likesien and

runoff, industrial effluents and phytoplankton bho® High water
transparency values indicate good water quality. sté&/a
discharges can contribute ions to receiving watedids or

contain poor conductors (organic compounds) whitéinge the
conductivity of receiving waters.
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. Major ionsand nutrients

Human activities alter the discharge regimes, frarts of

particulate matter, the chemical composition offaze run off
and atmospheric deposition of solutes through wed dry

deposition. lonic composition of surface waterdktively stable
and insensitive to biological processes within atewabody.

Magnesium, sodium and potassium concentrationa@rgreatly
influenced by metabolic activities of aquatic orgams but
calcium ion shows marked seasonal and spatial ésadge to
biological activity. Sulphate and inorganic carlfocarbonate and
bicarbonate) are influenced by production and rasipn cycles
of living organisms.

High nutrient levels kill some aquatic organismsl amcourage
rapid algal growth thereby reducing the oxygen llevk the

water. Some algae produce toxins. Clear water ase®
photosynthesis. Reservoirs with a high level ofaoig pollution

provide an ideal habitat for the breeding of motmgs.

. Polychlorinated biphenyls (PCBs) and polycyclic aromatic
hydrocar bons (PAHS)
The polychlorinated biphenyls have a low solubility water.
Their concentrations in sediments are highest intazninated
estuaries and lower in coastal waters. They are tlynos
concentrated in top predators with high fat degosihere the
compounds accumulate. High PCBs cause infertilityd a
disruption of endocrine activities.

Polychlorinated aromatic hydrocarbons are of camder two

reasons: The smaller and more water —soluble PAglsoxic to

animals while some of the larger ones are carcimog® both
fish and man. They may affect reproduction in husnand fish.
PAHs like PCBs do not have a high water solub#ithd tend to
settle in sediments. Direct toxicities of PAHs e&se with ultra
violet radiation.

40 CONCLUSION

Polluted waters exhibit characteristics not usualigociated with clean
water such as eutrophication, high nutrient costetiw dissolved
oxygen, high biological oxygen demand among othefithe
characteristics influence water quality and prodditgerent biological
and ecological characteristics
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5.0 SUMMARY

In this unit, we discussed the biological and eglal characteristics of
polluted waters such as eutrophication, acidifargtisalinisation, and
several water quality changes observed under sugtiens.

6.0 TUTOR-MARKED ASSIGNMENT
1. Explain the characteristics of polluted water.
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1.0 INTRODUCTION

Pollution affects different living organisms in tlaguatic environment
differently. This has made it necessary to disc¢heseffect of different
pollutants on fish, plankton, benthic macro inverégdes, algae and
water quality.

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

the effects of pollution on fish

the effects of pollution on algae and zooplankton
the effects of pollutants on benthic organisms
the effects of pollution on water quality.

3.0 MAINCONTENT

3.1 Effectsof Pollution on Fish

Fish are sensitive to many pollutants and are ofteed as indicator
organisms in bioassays. They can move out of mulwreas under
natural conditions. Fish are indirectly affecteddoganic matter through
the reduction of oxygen in water and direct expesiar various toxic
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organic pollutants. Low dissolved oxygen can k#ht Most fish require
at least 5mg/l D.O. but some fish survive about 2§ minimum
dissolved oxygen in water. Examples of toxic sutxsa in water are:

a) Ammonia is a pollutant and its toxicity depends pr of the
water. It can be lethal to most species of fislt@icentrations
above 0.1ppm at alkaline pH levels.

b) Cyanide is extremely toxic to fish with L§& values
(concentration at which 50% of test population dielow 1mg/I
for most fishes.

C) Pesticides affect growth and reproduction of mgygcges of fish
and small quantities of pesticides can prevent ejgsh from
hatching. Chlorinated pesticides are more toxio thiers. Toxic
concentrations of some pesticides to fish are rald0.02),
chlordane (1.0 ppm), dieldrin (0.025), and enddi®Q03) ppm.

d) Fish are sensitive to different detergents as ttiasnage qill
epithelium of fish. Fishes have kgLfor detergents between 1-
10ppm.

e) Most heavy metals (mercury, cadmium, chromium, racsand
copper) are toxic to fish and exposure may indwespiratory
distress. For instance lead and cadmium can ki &t 0.33ppm
and 0.06mg/l respectively.

f) Thermal pollution lowers the disease resistancefiglfi and
pollutants are more toxic at higher temperaturesh fFfnay be
unable to capture food at elevated temperatureshemchal death
can occur.

0) Polychlorinated biphenyls (PCBs) are common pofitgain
rivers and other surface waters. They are extreroedig to fish
at very low concentrations of 0.005ppm. At subdéth
concentrations, they can cause premature hatchieggs.

h) Phenols can also cause death of fish but are mare at lower
temperature.

3.1 Effectsof Pollution on Algae

Heavy metals are highly toxic to algae. For insgarmopper can Kkill all
species of algae at low concentrations of 0.5mddrcury in the range
of 0.01ppm can damage algal growth w@hlorophyceae being more
sensitive than others. Concentrations of heavy Isetdhin safe limits
for fish may be toxic to several algal species.

Marine oil pollution can affect the phytoplanktoittwalgal cell division

and photosynthesis inhibited at oil concentratiaadow as 0.01ppm -
0.02ppm. In freshwaterChlorophyceae is the most susceptible to
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petroleum oils. Thermal pollution of waters for extled periods can
replace diatoms with green algae and later by bheen algae. PCBs
reduce the rate of cell division in many phytop kamk

3.3 Effectsof Pollution on Zooplankton

Zooplankton consume algae and changes in algal cmities affect
zooplankton species depending on their food prets® e.g. some
zooplanktons species do not eat blue green algdeasnreplaced by
those that eat them. Pollution decreases zooplan#igersity. Some
important effects of pollution on zooplankton are:

. In severe oxygen limitation, protozoa can replactheio
zooplankton.

. The important tolerant species of zooplankton ldexotrichia
caudate, Glaucoma scintillans, Metopusspp,Vorticella spp,
Colpidiumcol poda, Saprodiniummicrostoma and
Uronemamarium etc. which can replace sensitive species.

. Thermal pollution has a lethal effect on most zaagton with
high temperatures increasing the toxicity of marnemicals
many times to zooplankton.

. Low oxygen levels enhance the toxicity of hydrogeiphide and
other pollutants to several zooplankton.
o At high concentrations, pollutants can kill mostoptankton.

Cladocera, Diptera and Daphnia are very sensitivetoic
metals. Copper is extremely toxic to most zooplankt

3.4 Effectsof Pollutants on Benthic Organisms

Benthic organisms are bottom — dwelling organisrmisthe aquatic
environment. Fish and other motile organisms camaraut of polluted
areas but macro invertebrates cannot and are iegbagt pollution. For
this reason they are widely used as indicator osgas for aquatic
studies. Many sensitive species are replaced kyhyhiglerant species.
Sensitivity to pollution decreases in the order:

Stoneflies  Plecoptera) >mayflies  Ephemeroptera)>caddisfly
(Tricoptera)>Amphipods >Isopods>midgeBifptera) >Oligochaetes.

In highly polluted waters, most macro invertebrades eliminated but
leach, sludge wormsT(bificidae), bloodworms Chironomus larvae),
sewage fly and rat-tailed maggot dominafubificidae are more
tolerant to pollution than other insects. Some memmbcan tolerate
moderate levels of pollution e.g. black fly larvaeud, fingernail clam,
snail, damsel fly nymph, and dragonfly nymph. Thesmseverely
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affected bottom organisms in polluted conditions atonefly nymph,
mayfly naid and caddisfly larvae.

3.5 Effectsof Pollution on Water Quality

Water quality describes the chemical, physical, abidlogical
characteristics of water which affect its suitdpilifor human
consumption (drinking, irrigation, industrial uss)d ecosystem health.
The chemical constituents of water are substaraslissolve in water,
including gases (e.g. oxygen, carbon dioxide), mmgig., iron, lead),
nutrients (e.g. nitrogen, phosphorus), pesticidesg.( atrazine,
endosulfan), and other organic compounds (e.g.ycptdrinated
biphenyls). The most common physical charactesasb€ water are
colour, odour, temperature, taste, and turbidityhilev biological
constituents of water are living organisms inclgdibacteria (e.g.,
Escherichia coli), viruses, protozoans (e.g.Cryptosporidiosis),
phytoplankton, zooplankton, insects, plants, ashl.fi

Water quality is termed as “good” or “poor” deparglion the
designated use of the water. For example, highateiticontent in
drinking water causes a blood disorder in infamsthemoglobinemia
(blue-baby syndrome) and not suitable for drinkittgis designated
“poor” for drinking but when used for irrigation,onld promote crop
growth and is “good” water quality for this use.

Reclaimed water must meet disinfection standardsraduce the
concentrations of constituents that may affect ipudalth and/or limit
human contact with reclaimed water. Water interfdedeuse should:

. have biochemical oxygen demand (BOD) and total esudgd
solids levels of < 30 mg/L

) receive additional disinfection by chlorination ather chemical
disinfectants

Pathogens in water may survive for short periodsilenvothers (e.g.,

Cryptosporidium) may survive for months and when consumed in
drinking water, may cause illness (Crittencal., 2005).

40 CONCLUSON
The effects of pollution in water are experiencgdall aspects of the

aquatic environment including fish, phytoplanktgmifhary producers),
zooplankton (consumers), benthos and water qualihe sediments
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serve as reservoirs for pollutants and may recgaleh depending on
prevailing environmental conditions.

5.0 SUMMARY

In this unit, we discussed the effects of pollution the aquatic
environment with reference to fish, planktons (jomd@nkton),
zooplankton, benthic macro invertebrates, and waiality.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the general effect of water pollution ayaal

2. Give the names of important sensitive and toleadgdl species.

3 Why benthic macro invertebrates are often consdlegeod
biological indicators of water pollution. Name tgeoups which
more tolerant to water pollution.

4. Discuss the general effects of pollution on fishhy\are they
commonly used in bioassay tests?
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