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II.3. Water 8s & production factor

Abstract ST 7
"Water is essentia.l for human surviva.l the terrestrial eco-
ayatem cannot mmtion without" ‘4%, In addition to drinking and

' personal hygiene, water is needed for agriculiural production,

) industriai and manufacturing processes, h&droélebtric power
genmtion, waste assimilation, recreation, navigation, enhance=
ment of ﬁ.sh and ﬁldli:te, ﬁnﬂ. & variety of other purposes.
‘When & resource-is used for so many diverse purposea, it is
important that it be developed a.nd uged rationally and ef.fi—_

‘ ciently“

llostafa EKamal TOLBA, Execut‘iv'e Director’ UNEP ,
With the increasing uge of water resources and changa of’ the '
patural hydrolosioal rd,gime of surface and groundwater the
vulnerabili_ty of woclety with regard to fluctuations in supply
due to climatic’ variability is likely to imcrease. It is,
thererore, important to know more about the relation climate =
hydrolegy - water resources, tak:!.ng ihto acnount men's irn-
‘ﬂuenc_e on the hydrological cycle. Fundamental principles. of
weather, climate end water balance are discussed in chapter 3.1.
Groundwater is the main resource for drinking water supply.
Important problems are the hydrologic properties of aguifers
and contaminant migration into subsurface waters (chapter 3.2.).
‘Surface water is the main rescurce for irrigation and industrial
water supplyuneaauremant, ‘analysisg, grediction dnd- simulation
of streamflow (surface runoff) are important problema of water
resources agsessment, monitoring and manegemént (chapter 3.3.).
Water is an importent factor in the relationship climate, soil
and vegetation (chapter 3.4.). 'In meny countries 1 irrigation end
drainage are a vital necessity for agricultura.l production
(chapter 3.5.), As more water is used, more waste preducts are

' being discharged to water ‘bodies, which. reduces the watel
quality and thus water available ror future use. Problems of
water quality, water related diseases trensmitted by insects




or ¢ther vectors, water treatment for drin.king water supply
end waste water treatment are discussed in chapter 3.,%. The
-water problems may be solved only by r_eliable assesment and

monitoring of water resources and demands (chapter 3.7.).

II.3.0. Introduction

" Water holds & unique position among various natural x‘-esourées
©f cur planet. The aver-laating proceas of the hyd.rolog al or

water cycle implies & unity of natural vatar a.ll over the world..

The hydrological cycle involves all kinds of nter regources,
i.e. water of the atmosphere, ocean, earth's crust and bio=
sphere.

The relationahip between climate and the water-regsource ayatem
on the earth is unique in the semse that parts of the hydrologi-
oal cycle, namely precipitation and.evaporation, are at the

pame time inherent parts of the climate and important character-
istics of :I.1:. Purthermore, the hydrological cxole is the very
basin of 'atar regources, It is poassible to cona.tder hyd.rologi-
cal procaslea as a transfer function from the climate system to
the water rssourca system aqd vice versa, the, functich being

: und?r dizrerant circumstances part of either one of the iwo
gystems. /1, 2, 8, 9, 10/.

Water, as an essential factor of life, is slso the most manage-
able natural resource. This remewable rescurce is capable of
diversion, tranaport, stoms'e and reeycling .Because of these
proparties water is very uae:ru.l for .man, Its quality and dis-
tritution in time and space are highly variable, but the total
amount of usable 'ater remains constant. Thus, man is faced
‘with & widé remge of choices in magiﬁg his water resources.
At the same time, however, many of these ehoicas are mutually
exclusgive. !l\.'t\mretore any proposed course. o£ action involving
water regources should not be made in inclat;l.on but in full

. dwareness of asgsociated ologlcal and ecological effects

. apd under conaidemtion £ the other courses of action'which '
would be excluded.’ = ’
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An intenge developmént of industry and agricultwre, popu-
laetion growth, cultivation of new land have resulted in &

. great *ine,reaae in water use ali' over the world, and in the .

: . 1 :
shange of “the -natural hydrological Tegime. of water bodies.

) v K L} ! ,
There are no large rivers in densal& populated areas where
runoft ia not affected by man s activity to sune extent.

_Today water conmption ‘makes up about 3,000 km /year while

it was 400 im- /year at the beg:uming of: this" century. Eval-
uation of the amount of "irretrieve.ble" water losses (i.e.
water lost by evaporation, tmnspimtion or ag part of a

'fiyal ‘product, that -is watér which does not return to the

water source) is one of the moszt important topical problems
in water resource assedment_ and water maenagement’planning.

These processes cause a decrease in water amount which might
be used for other needs within & particular river basin.

[

¥

Man's activities bave an even greater effect on the ‘qua.litjr

of water in rivers, lakes, reservoirs and aquifers, Today &
pronotmced deterioration of water qml:l.ty 'i8 obgerved ih -
wany rive,ra, lakes and aquifers all over the world. The ob=
jective of mankind is tf’ reduce the amount of the progressive
irretrievable water consumption to ma:u.ntain the proper water
quality in rivers and lakes, to prevent water deficit and
loss of soil fertility. The only way out ig the development

. and plenned realization of measures on the ratibnal use of

_water resources available and their protection againmst

pollution and depletion. This problem may be solved only by’
a reliable and properly organized assessment and monitoring
or water reacurces and demands. Data on weter resqurces and -
their;use, on the hydrologicgl regime of water ‘bodies and '
their chemistry are the baeis for any preaent and future
planning of water resources development, project, construc=
tion and operation of nulmerous hydraulic-engineering struc-
tures on rivers, J.akea and reservoirs e.nd devqlopment of land

_use practicea /1, 3, 5,6, 8/. !

’
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I1.3.1. Climate apd the hydrologicsl cycle
. M '

:
[}

11.3.1.1. Weather and.climate
1. Weather and-climate
I1.3.1.1.1, Fupdemental principles .

Introduction .
The atmosgher ‘of the earth is an important environmental )
factor. All people, animals and. planis are highly in:tlueneed
by the atmospherio air, and the atmosphaere can be conseiously
“influenced by man. .
lﬁeteorolog is the science of the gir and’ the atmosphere.
4pplied meteorology is mos?d :meortant “for ecological’ purposes.
Branches of applied x_neteorolo_gy are:

~- hydrometeorology

- bio;peteorology\ (agricultural meteorology, forest:
: meteorology, hmnan blometeorology)

- teehnological meteorology (constructional meteorology, in=-
duatrial meteorology, transport meteorology).’

Weather: the atmospheric conditions at a definife moment or
during a aﬁ.‘orter period. . :
Climate: the totality (synthesis in time) of! all weather
conditions over a longer pericd (20 to 50 years)

~ i *

Rediation

Radiation la.waz " v
‘ A

- Radiatlon as & tunctlon of the tempemtu.re of the.

emitting bo ‘ e
g body L 6. __/R emitted rediation (W/a?) ;-

. . T absolute temperature (K).
6 constant value
X (= 5.67 - 10-8 W/m2-, &)
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- Influence of tempez'-éture on the wavelength of radiation

1

A mex * T=¢c - ' - ‘
: . Ampax ” wavelength of maximum energy
. _ P - absolute temperature (K)
¢ ~ constant value.{=.0.29 .cm K)

v

Two different radiation fluxes cay be found in the aimosphere,
solar raf_.diatian and terrestirial rediation. Sclar radiation is
a shortwave radiation. ¥The surface of the sun is very hot
(6,000 K), consequently,A .. will be small, Contrery to this,
the rad:.ation of the earth and of the atmosphere {terrestr:.al
radlation) is a longwave rediation, because the temperature of
these bodies is low (=100 to 100 K).

Solar radiation:

R + Rshr

Raolar = &

solar beam reflex

Rglo'ba.l_= R_i;plar beam * Faky

e ratio Rooey ex/Rsmbﬁl. e.g. the. reﬂec‘tivity of the ea.rth‘ |
suri’ace, is- called albedo. Waler surfp.cea and roresta ahow low )
albedo values (5 to 20 %), fields medium values (15 to 3 %),
gnowcover high values (60 to 9C ‘%).

4 : t

Terreagtrial radia.tipn:

R.

=R outgbing Rrerlex (Long )

Rierr counter .

N ) _
R ountey ©f the aimosphere'isd emitted by dust particles; clouds,
water vapour, carbon dioxide, a.nd ozone. R % is emitted by
the earth's surface. Rrerlex (1008) is the reflected longwage
radiation. B
Net mdiatiqn. Net radiation is the sum,of all shortwave (aola.r)
and longwave (terreatr:.al) radiation componenta.
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Heat bé.lance

Wind ; I '

—————— . - - : .

’ .
Wind directiog j.é the direction, where the wind comes from.
Wind velocltx rises with increasing he:.ght above the earth's
surface, -’

Wind systems& in tropical c¢limgtes: North east winds prevail /
north of the equetor, south east winds south of it, especially
over ocesns. At the equator these "trade" w:mda form the in-
tertropical ‘convergence pone (ITC). » S Cy

-

i EERN
Boutlp. weat winds are observed near the equato&-x-over the con-’
tinents du.ring the summér seasonN. ’Jhey are the monsoon windae.

‘High wind velocitles can be tound on the Summi t& of moun=

tains, over open fields and -in the countryaide, low v;Lnds in
valleys, £orests and towns.

\

Wind is not an even, parallel, constant flux of air, It com- .
'prisea pulsations and eddies. This wind property is called _
turbulence. Turbulence causes exchange procesges of heat, wa-

ter and trace substances. These turbh;l.ént transport. procegses
are directed both horizontally and vertically.

»The equation of heat balance of the earth surface dad

‘R=«H+ S+ ET (W/m)
R radiation .
*H comnvective . heat ﬂux
5 soil heat flux

ET' evapotranspimtmn (expressed as. energy '
! , o quantity). .

RO

i

‘ge‘t radiation (lee 1.1.2.) is ‘the input quantity of - the heat
bala.nce of the ealrth's surface. Thia input iﬁ aubdivided into
. 3 parts:

~ . . 3
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!Ehe conveetive heat ﬂ.g; ig the heat exchange between. the earth's
sur.ta.ce and the atmosphere. By day the air is heated by the earth's
‘surfaqe and: asdends. By night, & heat ﬂux tirom the atmosphere to
the surface is observed.
The. soil heat :t‘;l,ux is the hea-h exchanse be'l?ireen the interior of
" the soil and the earth'a surface. By day, the heat flows from
the warm \eaz:th's surface to the cold depper layers, by night
‘vice versa from the interz.or of soil to the cooler earth's sure.
face. The long~term mean of ao:,l heat flux will be O. Y

Evapotraygp;;gtion of water is a process requiri{xg a certain
supply of heat. In order to evaporate a.certain amount of water
) ET the amount of. heat BT' is required:

ET* = r « BT S (2) .
! r heat|of evapora.t:n.on (2,500, kJ/h;)

] -
Evepotranspiration appears. bbth in heat and water balance
equations. It forms the lirnk between heat and water balance. N
It men causes changes in ‘heat- balance, then correhpondlng )
chargea in water balance will automat:l‘.oally resul‘t {and vid‘a-.
versa). '

‘ ' ’ { ' ' ‘ ‘
IT.3.1.1.2.  Climate and ecosystems (exampies)
Comparison of forests and fields T

- ' ' .
In tropic‘é.l ‘co\untries large forest areas are transformed into
agricultural t;'acts. This causes the following meteorological 4
changes-

The net radiation of the landscape decreeses, forests have &
higher net radiation thap open fields. This phenomenon is

attributed, first, to the lower albedo of forests and,second,
to the lower surface tempere,f;ure i:_:f forests during day time. .

The gopvective héating .of the air is increased. n fields the
vegetation cover of which is thimnner than that of forests

\



salar radition is converted ipto convective heat in a'small
volume., Thig leaeds to.& more intensive surface heating and
‘an imrea.sa in air temperature, - L

The eva;gotra.n@iration of forests ip higher than that of .
" fields due %o inicreased met rediation and reduced convective
heat fiux. Therefore the evapotranspiration of the lahdscape
generally decreases by deforestation. This occurs, above all,
in the peripheral arees of the tropics.

The wind velocity ia increased to a high extent over fields.
Consequently, the wind eroaion (whirling up of dust) of the
ground increases, in pa.rticular, daring periods when' the agri-
cultural tracts are bare of any vegetation. The t_\_u'bidity of
_the atmosphere increases correspondingly.

In order to maintain the favourable c;l.imtié influence of
 foreats the\establishme\nt of shelterbelts is recommended, .As
regarda the wind.‘hreaking e.f.:reqt the effected range of ghel=-
terbelts on the windward side has an extens:ton equalling

5~ to 10=fold tree height, on the lee—alﬂe about the 2Q to
30=fold tree height. The turbulence of the wind exerfka in-
fluences on the extension of the elfected range of ®helter-
belts.

On the high-altitude mountains of the tropics, at an:altitude
of about 2,000 to 3,000 m, _forest filter large amounts of
" water out of the ¢louds as fog precipitation (see 1.3.1.).
Thede "cloud forests" must be preserved by all means, as’
they are of great slgnificance for water management, forestry
and protection against soil erosion.

-

Agr igultural measures
; -

Cow
1

The plent density influences the climatic conditions over .
agricultural crops. Different vegetetion covers may haye
different albedos. The level of soil albedo. depends on the

|



density of the cultivated plants. Light-coloured soils meke
the albedo increase if the denegity of the vegetation cover
decreﬁses. For instance, overgrazing 'in'ﬂue_nces the aibedb,
(destruction of the vegetation by animals t.i:-ampling on it

or eating it). In the Sahel zome (gouthern horder of the
Sahara Desert) the reduced density of plants caused an in-
crease in the &lbedo leading to a_ i’all in temperature, hence
to a decrease of thermal upwinda, eloud formation and preci-
pitation. Thig mesns, that the drought is favoured.

Irrigation measures influence not only the water balance, but
also the heat bala.nce of -the n'rigated area. The convective -
heat flux from the earth's surface to the air is reducéd. o
Contrary to this, evapotranspimticn is 1noreasad in the
tropics. \
rainage has the opposi'he ‘effect of irrigation. Ihe albedo .
is likew:.se influenced by melioration measures. ,
Intermediate cultivation also axerts climatic inﬂuences. The
annual evapotranspira.tion is increased, wherea.a ‘the convective
heating of the air is decreased. Intemediate cultivation
prevents, however,the whirling up of duet and the increase of
the atmospheric turbidity. Changesa of albedo and, conaequently,
of net radiation aré possible as a result of intemediate
cultivation. .

Town climate . \

The climmte in towns is, in principle, characterized by ti:i.e )
folldwing basic featurea as compared with that of the coulie
tryside: '

- deteriorated air qua.lity (d.ue to- industry and traffic)

- reduced- solar rad.iation (pa.rtially with increaaed sh.ort-
wave radiation input. Q.nd inereased net mt_iiation)

\

- lower iind velocity . -
r‘ .



. Em

f - -higher temperatures, particularly\in the evening

10

- reduced evapotranépiration

. = increasged’ convective heat flux

. f
C- increased precipitation

T

In the hot humid tropical climates protection against sul-
triness and heavy rain is recomended by constructing wide
streeta, light pierced walls, projecting roofs amd verandas.
In the het dry climate of the subtropics protection against

" golar radistion and gandsterms can be provided by n.ar::ou

street's thick walls and. shadowy cmrtyards.

Climate and man (human biometeorolo

For _blqssifying"tl_;e great valriety of atmospheric iqtlﬁanoea‘
oh man, the following groups of effects are applied;

] v ) .. ' ,

Air guslity: The situation is particularly favourable with
regard to the innertr'opical climate, where frequent rains
and high air turbulence clspn the air. The hot dry su’btrop-
ical climate is lesa Iavourable, because the intensive’ solar
radiation promotes the fomtion of smog and turbulent > &

" change proceggas gre 1eaa pronounced.. N

‘Heat balggge:'nadiation, wind velocity, temperature and

humidity centrol the heat balance of the human b’ofiy. If the
heéat flux from the huma.n body into the atmosphere ie too
doall, sultriness vill result. Sultriness is 8 typical fea-
ture of the inmertropical clims.te, ut not of the subtropics.
Radihtion and wind can be influenced by trees and buildingsd.

:

Radiation: lkcesswe aolar radiation may be prevented by

. traas and .artificial aunshndes.
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II.3.1.1.3. Tae atmospheric components of the water cycle

" Precipitation

The guantity of Erecipitagion depends -on two factors. first,
on the vertical wind velooity and, aecond, op air humidi £y,

However, the d801HiV3 factor is the vertical wind veLocity.
Upwinds lead to' cooling of air, pondensatiqn of water vapour,
formation of clouds and. pfééipitation. Upwinds are caused by
" cyclones, conwergennes, relief and friction etfecta on the
air stream. The relief effect ex'pla.:l.ns the fact that the
amou.nt of preo:.pitation rises with inoreasing altitude.
Purthermore, an :I.ntensive convective heat ﬂux favours therml '

upwinds. :

k ‘ \
The innertropical climate is evermoist, However, two peaks
can be observed during the anmial gourse of precipitation..
They result from the changing position of the ITC.
In the external tropics rain falls during- the sumwer seasgon,
when the ITC has its greatest distence from the equator. The
monsoon climate ig the moat important example for -this. The
subtiogical-dgx zone shows very low precipitation values in-
cluding deserts and steppes. Finally, the external sub-'
tropics are characterized by r&infall during the period of low
sun height. . .

[
| .

‘For hydrological purpose8,the'mea5ﬁrigg error of the pfe-

cipitation gauge bas to be teken into account. It depends on
the microclimate at the measuring station and is caused by
wind (sweeping effect, the number of reindrops emtering the
geuge is too small) and evaporation losses from the interior
walls of the gauge. In temperate climates the error for

rain amounts to about 10 %, in subtropical climates it may
be over 20 %. Unfortunately, up to now there is not. enough
information available concerning the meaeuring error in
tropical climates.
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) gg ggg;p;tation 18 obaarved in foreata in roggy qlimtes
- Misg type of precipitation has to .be taken

1nto acecunt ip tropical mouptain climates.. The Kii:i.mn-—
Jue is a well=known example., -

Déw playa an impo.rtant role in the water cycle of dry sub-»

- tropica.,l climates, . . '3

When precipitation hits the/plants, it is subdivided into

3 components _gh_ro_ugl_li__ T, stenflow S5 and 1ntercagtion Iz
P=aT + S + I.

: !he qua.nt':lties of these¢ terms. dapand on, the prope.rtiea of
;.eqve.a, twigs, brenches and stems. The intercepiion of a
‘spruc ¢ forest amounis to about 25 '%.

Areal mean walues of precipitatior ‘can be calculated by
different meth.ods. The simplest method is besed on the arith-
retic mean. The ilohyctal method requirea. the construction“
of lines of equal precipitation and pleximetering the ares .
‘between the isohyets. The Thiesgen polygon method uges special
polygons coustructed around the mee.su.ring point a.nd the
con-es;nonding area inclosed by the polygon.

! 1‘

Evgpotranggimti‘on ‘

Evapotranspiration (ET) is the water transport process from
- water, - ‘soil and plants. into the a.tmosphere. It can be sub~
divided :Lnto three components.

ET=E+T+I . (3)

gorat;on E: The water transport from waters and from fallow
goil into the a.tmoaphere.

Transpiration Ti1 The water tmnsport from the mterior of’
the plants into the atmoaphere caused by the living processea
of plants. .



_ Interception I: The water tz‘anaport' from plant surfaces '

into the atmosphere caused by the precipitation catching
process (see Precipitation).

The proceas of evapotranspira.tion requires heat pupply -
(see H.ea.t balance). _ .

In order to aepa:rate the atmosphez‘lc influences on .eva—
potmmimtion from those on soil and pla.n'l:a the term of \
potential evapotiranspiration is defined. Potentiel evapotrans—
piration ETp means  the upper limit, i.e. the x value of

real evapoiranspiration ETr. ETp ocours whemever the process

of evapotranapiration is not limited. by deficient water . .
supply in soil and plants, in other words, Whenever the seil = -
iz seturated with water. For instance, in deserts ETP is very

high, but ET is very low as there is'no essential ‘ater

supply. For Iater surfaces ETI, and EEE are egual.,

ETP depends on rad.iation, w:l.nd velocity and air humidity. Dry
winds cause large values of ET:E. In sibtropical countries EEI!P
is higher then in the inner tropics because of the long _
-duration of solar xl'adiation and low air humidity.

] .
ETp can be cbtained by calculation formulas (PENMAN, TURC)
or by measu:r."ane,nt d#-thevmtar level in evaporation pans.

ET. depends on:ETP, s0il moisture and plant mass. ET,, appro-

aches ET,, when precipitation increases to an unlimited.ex-

tent.‘ ET approaches precipitation; when E‘IP increanes to an
unlimited extent. Contrary to the behavier of E'.I!P, ET is .
'higher in the innertropical climetes than 1n the subtropics. o

This is due to the high mount o:t precipitation in the inner -
Atropics. . . - .

.mare are some methods by -which E‘l‘ can be detmined-
- water ,balance of catchments ‘
--’ heat mmb\ot the earth's surface (psee Heat balance) N
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~ turbulent gxchaﬁge in the atmoaphe;r:e (see Wind}
- lysimeters: . : . '
- calculation using ETP and precip:.tatlon or soil moisture
(for example the BAGROV method)

¢!

II.3.1.2. The hydrological cycle and_the water ba.lw'e

-

IL3.1.2.1. Boter cud cilnece

. L

The funda.mental hydrological phenommon is the hydrological

cycle, the continual changes in the state and locatioxr of

water under the influemce of rediation of the sun and gravity.
: : \ : o

The hydrologicel cyole is regarded as a glosed water circula«

tdon sxétg on .earth. As shom by Pigure II.3-1, this cycle

can be split into three main phasesa: Precipitatioh, evapora=

tion apd runoff (surface and subsurface). In each of these

. phases, water transport, temporary siorage and a change of

state ocour at different points (Pig, II.3-2). Storage, or the

mean retention time, differs widely in duration at the diffe-

rént points and renges from 10,000 'years in. the palar ice caps

am 2,500 years in' the oceans down to 9 days in the case .of

atmospheric water and 12.daye in the case of river water (7).

‘The majority of processes invdlved in the hydrological cycle
are of periodic stochastic nature. The periodicity is of physi-

cal origin due fo astronomical cycles; the stochastic behaviour '

is caused by the various sources of coincidence in, on and
around the earth, particularly by ehanges in the permeability
of the atmosphere.



7 32uDIDG J139;0M 10QO1B pud 31245 D2IB0|0IPAH _,p...,‘.__.n,...a_m

- wweezl wwooyl
W0008GY WX 000 S0S

15

- wuwggy
a000cs - c

WWOELL
WX0004LS.



16

Inu-inﬁ woler vapowr .

: * ATMOSPHERIC WATER _
Evdporation _ |Precipitation Evaporation
' e SURFACE STORAGE |
Evapotranspication : Overiong { -
: . ‘ o flow
'lmﬁm‘aﬁen ~ NETWORK
A\
of
\ _ .
. W S— -
SOIL WATER Lintermiow CHANNELS, | o /ot
-3 l RIVERS, |
v Capill rise . .| Grovity wate .
priany Y ' LAKES
GROUNDWATER o
- round -
'water
v [outfiow

- anp percolation

t . d

FigIT,Jo=@ THE' HYDROLOGICAL CYCLE OVER A CATCHMENT AREA/FAD 19731



17.

IT.3.1.2.2. Water balasnce

The quantitative desoription of the watdr cycle leads to a
water balance in which the water balence quantities, iJe.
precipitation P, evapotranspiration ET, runoff R and change
in storege AS, are balanced in the form of a simole contin=

“uity eguation, the water balapce equation:
P = ET+R+AS m/ At (4).

The water balance quantities are g_enefally a_tafeii in mm water
column related to a défined area and a defihed periodof time.
Part of the precipitation falling on e region flows off above
and beneath the surface of the earth under the iﬁfluence of
gravity. The runoff from an-earea during a defined pericd ia,
agsuming that distribution is e,ven; called the runoff depth

(R) and is expressed in m water column ‘per unit time, "e.gZ.

in mm/a, mm/d, or mm/h. The runoff resulting fram the presipi-
tdation in the regibn concentrates in the stream channel network:
and runs off through the discharge cross section. The volume-
tric flow per unit time flowing through the crosas section of e
r:wer is called the dischar_ge {Q) and is meaaured in 1/8 or

m /s.

Sincé subsu;-j;sc‘e water can also fl(_m out 0f a drainage area,
the total wvolumetric flow per unit ' time leaving the drainage
area, either above or below the ground, through the cross sec~
tion of the valley at the measuring point or, below the ground,
at ‘other points is denoted as runoff (R). The tefm "runoff®
will be used to deacribe both the process typical for this®
guantity in the water balance and for the volumetric flow :Ln
the sense described. above. .

Water 'balances are elabox:ated for defined regions which, in .
some cases, are identical to the natu.ral river basins. A
drainage basin (4gp) measured in lpa can be aspsigned to each
river croas asection. A drainage area is the size of the ares,
measured a.fter projection onto a horizontal plane, of &
region in which the discharge flowing through a defined river
“ cross section originates. It is bounded by basin divides. The
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water divides ca.n? be constructed on a topogrephical map with N
_ contours (ischypees). The basin divide runs at right angles

to the céntours, begimrlng at the river cross section {Fig.

] II.‘3.-3. ). The water divide constructed on a topographical

map borders only the surface baesin, whereas the groundwater
runoff is governed by the subsurface basin. These two basins

are not always identical (Fig. II.3.-4.) /11, 12, 14/. i

Y

II.3.1.3. = Fundamentals of hydrology -
. N

II-3¢1.A3¢_:‘. Defini t'ion

Hydrology is the sciencé that deals with the processes governing -
the depletion and replenishment of the water resources of the
“land areas _on the aarth and treats the variuus pha.sas of the
hydrologic c,vcle.

It starts 'witq the observation and measurmeht of certain phy--
aical phenomena, analyses their ralationships, and aims at

the discovery of their undbrlying causal atmcture. Thus,
hydrology not only describes what happens in the various stages
of the hydrologic or water cycle, but it also tries to explain
how and why things happen.

II.3.1. 30 2. Baa.ic EH gical Erinciples of hydrolggg

Two basic principles govern the amount and distribution of
water on the earth: ) 4

1. Mass conservation -

2. Energy conservation '

The principle of ma.sél conservation can be illustrated by the
hydrological cycle or by the water budget for an arbitrary
volume of soil with surface area A and depth d (Fig. II. 3.-5.).
We can write the conservation equ. for a per:.od‘ of time t:

P+W-QS+QB.+AD+AG+U+.ET mm/At (s)

A A . - AR



é

Fig.: Principle of mass conservation

T 35 T ‘ \



« Precipitation
W = Water imporited by man -

.t ' ' B
Qg - net surface runocff (surface runoff leaving 4 .
less surface runoff enter:[ng )

QB_ - ‘n.et latexal outflow (groundwater. unsa.turated Ilow)
- = net total baain. mnoﬂ

Q
4D - increamse in surface storage (depresaion and
’ detention storage)

CAG - imreaé? in soilwater apd groundwater storage r
A4S ~ increase in basin storage ) ‘
U = r;et vertical outﬂow :Ln goil or rock (deep percolation)

. BT < Evaporation and I‘mnspirat:.on

If we can neglect water import W and deep pemblatidn‘ U then

we cbtain for the catchment area or r:l.ver basin the water

balance equation (4) with Q = R. .

The amount of evapotranag:.ration at any aite isfcontrolled by

"the supply of energy and water from the atmosphere end their ;
trapsformation by the soil, and by the vegetation cheracteristics
of ‘the site. This 4ransformation of energy snd water by the .
atmosphere determines the amount of ‘actual evapotranapiration

"ET in equ. (4). Equ. (1) and (3) are linked by the evaporation
terms. . - ’ - \

For the cohaamt op of energy at the layer of .80il end air
in which plants grow the following equation holds, expressing
the relation:

n . ; : N ) A . /
Fet mté of inéoming energy per unit area = net rate of ocit-
i going energy per unit area _ _ -,
‘ , ' W/m2 oy
2: 9 (1-:*) =Ry + mER+ B8 gy ) Ay (6)

'
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with R = R_ (T=ot) - R, and R given in equ. (1), flux den-
8ity of total short wave mdiation of the ground gurface R

albedo of ‘the ground surface <« , ‘net flux density of long
wave radiation RI- . ET' is converted by equ. (2).

2 . - 1 . ' . o
The potential evapotrsnspiration can be calculated by
.’ .. -

R - J/ mz.a em- .
El, =r '3. J/g.g/em " . o (7)

Changes in heat siorage in the vegetation and the heat used
in photosynthesis have been ignored.in equ. (6). They would
be about 1 % of Ra’ The 'ms.gnij:uda of ‘the terms ih equ. (6)
may very substantially. If the eoil -gurface is uet or covered
by aetively transpiring vegetation, most of the available
golar energy may be used to evaporate water. If the soil sur=

" face.is dry, most of the inooming energy may be used to heat

the air.

')-s at.

fI.3.1.3.3. Quantitative description of hydrological
The natural reference systems used in hydrology ars drainqgé
areas, cabtohments and river: basing. The quantitative descrip-
tion of hydrologically relevant basin properties fomms an im=
porte.nt basis for the analysis and modelling of the hydrold-
gicel p._ro_ceasa_a taking place w:i,thin a riv_rer basin.

Hydrological watershed mc;cllel_a incorporating paré.metera which
are measurable or canp be derived from the basin properties’
permit comclusions to be drawn'regarding the progress of
hydrological precesses which have received no or crly little
attention and ensble predictions to be made regarding the
effects of ohanges in the baasin proper'kies on the hydrological
processes. ' S

The system\ of waters (river basins) caused by fluvial erosion
and dem:dation proceases can be considered as open d:rmmie '
lystm which end,ee.vour to ree.ch a steady atate of operation

- (Pig, IL3.6). 'An open aystem imporis and exporta enargy and

~
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_ ~ : . .. .
matter across the system boundaries, It must contimually- con=
vert emergy to maintdin this process. Erosion, the transpont
of mattexr and matarial conversion proceaaéa cause the con=
tinuous movement of matter out of the basin. In perticular,
excess precipii.tation water and minerals leavé the sysiem as -
water and matter discherge through the outlet cross section.
. The potential energy of the site is convertied into the ‘kinetie
‘ energy of water ‘and mattver and into heat: e
Quantitative geomorphological methods are uaed tor the enalysais
and quantitbtive description of the river basin atruoturea. We
distinguish in a river basin between hree main vertigal sub-
- gystema:
- surface gystem (ground surface and vegetation, 'stream channel
systen and’lakes (open waters), land use);

- goil eystem (aera‘tlon z-one)_,
- éroundwater system.

Quantitaetive geomorphological methods are used for the analysis
and quantitative ’cription of the geomorphologicsl structur e of .
the surface system: ’ - ’

- stream-chan.nel system (concept of ltream ordera, stream length.s)'
« basin areas : : . -

- glope values (channel slope, groum—suri'ace gmdienta, mean
slope of ’che basin area)

basin shape

land use (vegetation, urbanization).’

!
3011 science provideg the description (parametera) of the soil
system and hydrogeology provides the quantitative descriptiop ot
the groundwater system of.a basin. Methods to be applied depend
on the obaect:.ve and scale of the analysis. . *
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1. 3.1. % 4. gdrolégical processes in rainfell-rupnoff ,
' Main phases and subsystems

. L ! ' .
The main h,yglrélogiéal-‘pxjoceu'as are parts of the transformation
of precipitatio; o ££,- In thia tms:[ormaté.on e d.isti.n—
guish b'et'een thrée main Eg_gsea-

[1. Bumot? rormation 1n the vesin (land phase)
How im8h of @ estormn rainfall or snowmelt runs off imedeately

as d{reot ‘TunoffL?’ ) -
2. Buxoff eggcentai on (discharge formation in the stream :

" channel system of the yunoff forming basinsg, channel bed
'phasge) ~ What is the time disiribution of the Tunoff at the
.catchment outlets (shape of the hydrograph)?

3. Discharze mrocas in ‘:he channel systam (flood prupagatiori
or wave attemation phasa)

What ia 'the deformation and flow velocity o‘.mtra&m ‘
" flood byd.rographs?
4
'me three. subsyatema resulting rrom the vertical aubdivision of
a river basin mentioned above conta.in three main x;lg
e enta:

1. Overlaml flow or surface runoff (sheet £low, rill now,
quick retirn flow). '

2. Interflow (lateral flow component in the soil).
3. Groundnte; flow or discharge (base ﬂow}. ‘ : ‘.

" Thie cntchmant area using a horizontal subdivi,sion cum‘prises

three diffexent runoff contri:bugm ) : /

1. opan watar surfeces {rivers, lakes, reservoirs)
.2, Wet or saturated areas, impemoul w.rfacea (quick return flow)
" 3. ‘Retention a.reaa (intiltm’cion and !grmmdwatez- recharge). '

‘ ’



The size of the diffevent runoff eontriﬁutihg areas is‘variabelf

It depends on the saturation degree of the basin (soil moisture,
groundweter tabel).‘In most cases the 'surface runofi originates
from areas 1 and 2 only (Fig. IL. 3.~7). ' ’ :

" Infiltration pnd surface storage
Infiltration is the movement of water into the soil through
the ground surface. As snow melts or rain falls the soil ine -
" - filtratign governs the amount of water that will enter the
80il and thereby greatly effects the amount of surface runoff.
~The maximum possible inflltratlon 1nten31ty of a given soil
under definite moisture and other conditions is called infile
tration capacity f,. If the actual infiltration intemnsity is
], then £, € .. ‘ '

N Lo : : o
When it rains efter a dry period, the rate of infiltration info
the Boil is relatively high. During this firstnphase the infil-
trating rainfall saturates the soil and the infiltration rate
is equal to the intensity of precxpitation, if'PI & f ¢’ But as
the reinfall continmues, the surface sail becomes aatuzfated at
the time tp (ponding %ime), when ihe rainfall rate ataris to

. exceed the rate to which the soil will accept water (i.e. the
start of the effective rainfall) end the rate of infiltration
decreases with time and ultimately reaches a constant value
(Fig- II.3-8). ‘ '

'lhu‘a, if the rainrall mfiltrat:mn is of such an intensity and

duration as-to result in surface runoff, it can be divided into

two phkses. - : ‘

(1) w without surface runoff at t& tp

(2) The paturated or recession phage as t £ tp, when surfacLe:
runoff ia generated. . «

- If the intensity of infiltration t is equal to the :Lnf:.ltra-

“tiom® capacity .f , then we have no unsaturated phase, ami sur-

face runoff is generated from tme t =0 (Fig. II3.~8). .

i

s
I
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The rate of'intiltration mainly depends on the rainfall inten-
sity, the state of the soil warying directly with the soil
moigture deficit, the type of soil belihg higher into sandy
- goils thant into clays. Infiltration rates glso depend on
 the vegetation, the highest rates being obtained for forest
‘cover and the lowest for vare, compacted seil {Fig. IT.3.~9).
Soil compaction by mechinery and the trampling of livestock
decreases infiltration. Theporosity and poresize distribution
of the soil substantially effect infiltretion retes. The most
important perameter for the infiltxatioﬁ process is the rell=
tion of reinfell intensity PI to the saturated hydraulic '
conductlvlty of the soil, K. If the rate of preclpitatxon
exceeds the rate of infiltration, water will ,be stored on the
grand surface (detenfion or depression storage)._ ‘

If all of this detention atorage is filled, the excess of
precipitation over infiltration and evaporation will flow
over the gurface with the slope .of the ground towarda the .
nearest open drains or ditches (qverland flow). ! T
Infiltration theory based on the thébry of unsaturated flow
or two phase flow in porous media has provided & basis for
understanding infiltration behaviour /1, 6, 10/. .  ~

' .Soil water movement’ S

The water will move in the soil in fesponse to molecular,
illarx_and gravitatlonal forces. The movement of water in’
larger 8oil paasages ‘is governed by gravztatlonal forces.
The water in transit is called gravity water. The. unsaturated
soil is cépable of holding & certain amount of water against
gravity by means of the capillary forces. The max1mum amouht
of water which can be retained agamnst the force of gravity
and represents the storage capacity of caplllary water 15
called the field capacity FC Of the soil, The amount depends |
upon the soil texture. Plants' can not utilize gll of the
cepillary water stored in the soil. The lower limit of
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] utilizétion of the soil moisture is*célled fthe ‘permanent
wiItigg'pbint‘(PlP) The difference between the soil water
content at field capacity and the wilting poznt repreaents
the available water (aw) for- transpiration and body building
of vegetation (Fig. I1.3.=10). In most cases the lower 1ayers
of the goil mre less permeable than the upper. Therefore the
infiltrated water is stored/ beyord field capacity towardg
‘saturation aboie layers with low permeebility. This causes a
lateral flow component in the upper layers which is known as
interflow. bince, in most cases it is difficult to distinguish
between overlénd flow and the quick comporent of the interflow
in upper layers, the twe components are combined and described
as gurface or direct storm rumoff /1, 14/.

Groundwater recharge
'Infilfrated water which percolates downward in the unsaiurated
zone and arrives at the water tabel of the groundwater is.
called patural groundwater recherge. The groundweier can be
regenerated néturally only from precipitation as a result of
the natural groundwater recharge or by seebpage from surface -
waters as & result of bank filtration. The groundwater re-
charge is only partly compensated for by artificial renewal for
water supplies. The remainder returns to the surface part of
>the hydrological cyq}e by means -of evapotranspiretion and sub-
surface runoff which ultimately discharges intc & surface
water body. The planning and the exploitation of groundwater
resources dvailable require the determination of the '

long term means and the variations in natural groundwater re-
. charge. For 1owland regions end plains where the groundwater

table is deep and there is no significant surface runoff, we
can regard the runoff R as 1dentlcal to the groundwater runoff

‘ whlch in turn, corresponds to the long term natural ground-

. water recharge GWR.

Thus, the water balance equation for long term means
- F =
applies in the’ form

TR = P - 7T m/a
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Tﬁe nean natural grouhdwafer recharge“repreaents the uﬁper

. limit of the avallable natural groundwater « This quantity

mﬂy be reised for reatricted periods by taklng water from ihe
static groundwater reésocurces on the condition that these

rqs?ufces will be _replenished by Eurpiug'natu:ar'g;oundwater

recharge during periods when extraction rates afe low.

When ple.nning measurea :Ebr extracting groundwater in Btlb—
'stantial quantities, the hydrological situatlon must be used |
Aasa starting point to determine the yleld of the strata and |
rocks conteining the groundwater Dby means of geohydrologlcal
-measurement and celculetions. Water baelance calculations must _
. then be performed %o ensure that the groundwater Trecharge ob-
tained_from,precipitatiog or by bank ii;tration'will'be equal
‘in magnitude. to the water extraction. Furthermore, it is '
necéssary to estimate the effects on surface runoff as a re=-
sult. of seepagé due to bank filtration and as a result of the
- reducéd discheérge of groundwater’ into surface waters

/11, 12, 15, 16/.

II.3.2. . Groundwater

Gfaunﬁwater, ive. underground water which }ully seturates the
goil, is the most important resource for drinking water supply
in several countries. The upper surface of such & body of ’
' water is known as water table; When the groundwater level is
high ercugh relative to the drainage system of the catchment
bagin; . groundwaeter will enter the drainage channels and conw
tribute to the runoff as base flow. In humid and temperate

' areas, this base flow provides the 1ong<susfained flow during
the dry ﬁériods. Where the groundwéter level is 1éw or ground-
water is absent there will be no baae flow and the streams

of the basin carry water only for a short period after razn-

fall (ephemeral streams). |

1
v

'Groundwater may be lost from the baéin by deeﬁ penetration
through permeable rocha. A natural formation which yields its \'
water easiLy is called an aquifer /11 12, 15,,16/.
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. The main hydrologic properties of porous media are:

r35

I

il.3.2.1.  gxdro1oéic‘pfqparties of aguifers )

/
! I

Porosity, - the ratio of pore volume to the total

. volume of & given ssmple of material
B | N
and

Permeability ~ measure of the ease with which fiuids
) pass through & porous material.

Since the re_sistanoé to tﬁe flow of water 1s related to the
gize of the individusal Rorel, the void ratic really does not
precisely desoribe the soil magterial. The coefficient aas:n.gned v

- {0 gcale the permeability is called the "Intrindic Permeability".

4 porous medium has en Intrinsic or Specific, Permesbility 'k'

of unity if it will transmit & unif volume of weter at unit
. viscosity within. g um.t time through & cross section of unit

area under a unit h.ydraulic gradient:

i

;

: . d€51 ' i | ~
k = M (-—- ‘ in o? (8)
4 .g-‘ g . L

¢ Where Q is the fluid volume discherged per unit time throtgh

a porous medium of cross-sectzoml area A, V i8 the kinematic
viscomity of the fluid, § is the fluid mass per unit volume,

¢ is the acceleration due to. gravity, and dh/dx is the hydraulic
gradient in the direction of flow. 'k!' is'a property of the
porous medium e.nd is usually expressed in darcys (1 darey =
0,987 x 1078 om ). The hydraullc conductivity is a property’
of both the medium and the viscous properties of the water.
The porous medium has 'a Hydraulic Gonducyivitx of unit length
|per unit time, if it will tra.namit“a unit volume of watér ai
the prevailing viscosity A in & unit period through a unit
cross section of porous medium under a unit hydraulic gradient:

k . g - g Q
M . Adnfax)
l / ! .

K =

nw/s (9)



_ Bernoulli émergy theorem

The potential function governing the groundwater fiow in
porous medie is, in units of energy per umit fluid mass:

_§= g. 2+ pfpdp/g + Y2 ve {10}

- Where §13 the hydreaulic potentinl at & given point z ia

' the elevation of the given point above datum, p is the

"ga.uge pressure {i.e. absolute pressure minus local atmospheric
preaaure) at the point, p, is the atmospheric pressure, and

" v is the fluid velocity. The kinetic energy -term %2 v2 ia
usu.ally negligible for the case of ﬂuid flow through porous
'media.‘ N
. By defining h =;§/5 and setting Py = 0 (i.e. local atmoapheric
pressure = zero gauge pressure) snd letting p = @ . gV,

i.c. neglecting the variation of £ with pressure, the Bermpulli

. energy theorem mRy bhe rewritten as: N

- -ha,z+3u ) (11)

' ‘Where h is the hydraulic or piezometer head, z is the elevatio=
ml head and ¥ is the pressure head. Therefore _the water 1eve1,

h, measured in & piezometer placed at a point of elevation g is .

the smim of the heads due to the elevation and the hydraulic
pressure at that point.’

Darcys law -
~ This principle relates the veloclty in the porous medium to
, ‘the hydraulic oonductivity and has alres,ay been stated in (8):
o g .2 3/u? (12)
qQ = = . —_— in m“/m* ., 8 12
x dx ‘ j

Where q = Q/.A in (8) and is kmown as the Darcy or filter
velocity or 'the speciﬁ.c discharge, and %c is the hydmulic
conducti\rity in the x direction.

'\‘-t' :
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- The-mean velocity of w.ter in the pore (average pdre-water or
groundwater velocity) ¥ must also oonsider the poresity n of
the format:.an- . -

\.
- q ) - dh ' . . -—
TV S = B e Ce— h in m/a (13)
n - n- dx ‘ : .

‘o, dete:mine v the effective poroaity o, ia often used which
may be defined as that volume of- qter, as a percentage of
the total fully saturated voifi space, which can drain from
a saturated sediment or rock under gravity. ’

The ‘pore-water velocity v is responsible for the tramsport of
contaminants within an aquifer 711, 12, 15, 16/.

The tranamission of groundwater in meny major aquifers is not -
by inter_granular flow through pores but by 'fractwre or fissure
' flow' through systems of separated plénar or semi-plapar sur-
faces. The friot;onal resistence to i’low through such fraciure
systme may be considerably less than through an equivalent
length of aquifer in which intergranular flow occurs, conse~
quently fracture permeabilities may be significantly greater
than intergranular permeabilities/15/. ’

I%.3.2.2. Conteminant migration into subsurfece waters

Groundwater contaminants may enter an aqu:.fer in various

ways (Fig. II. 3.=11) /12/ ‘ . ;o

" . 1. Contaminants deposited in bulk on the ground surface may enter
water-table aquifers by vertical infiltration. Liquid contamin-
ants may infiltrate directly. The scliuble components of solid
‘wastes tend to became disaolved in rain watsr or irrigation water
-and to percolate to the aquifer. '

2. Other conta.minantl may enter the subsurface from éonta- :

minated surface watera, where the water levels o rivers or lakes
are higher than the local water table. Under natural conditions
this aituation is uncommon. The pumping of groundwater may, how~

ever, lower the water table and consequently encourage the in~
’ 11 . )
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“ - Table Il.3:=—4: 'Proba.ble effect ‘of var:l.oua processes on the ‘
IR . mobility of constituenta.in subsurface waters

. contamineted by waste disposal UNESCO (1980)

' . (Mediffed from Langmuir (1972)5 j

. , o
Phyaiual !rooosqea - ’

ﬂispersion ~ Cauaes dilutian of wastes. The disperlive
eapacity of a yorous or fractured mediwam is directly
c dapendent on the grounﬂ water velacity and the hetero-
. geneity of the aquifer materiala, and is’ inversely '
proportlonal to the porosity.

| ’ . ~

: . L
Filtretion - F%qor§ :edqctLon in amounts of substances
-agsociated with colloidal or largerisiied particles.
Most effective in clay=-rich materials. L@ast effective
in gravels or Iractured or cavernous rock. T f

Gas movement = Where it can occur, favors aerobic breakdown.
of organic substances, and 1noreaaed rates of decompo-
gition. Constituents mobile under oxidized conditicns |?
will then predominate. Restriection of' gas movement by 'y '
1mpermeable, unsatirated materials or by saturated

o materiala! can proguce an anaerobic atate, and reduced
rates .of organic decay. This will mabllize substences
soluble under ahmerobic conditigms. - ,

" Gaotéhelical Processes ) ' ’
‘ /
Cumplexatlon and ionic strength - Complexes end ion pairs
- most otten form by combination of ions includlng one or
more multivglent ions, increase in amount with increased
’qhounts of ions involved. Iomic strength is a meagure of .
the total ionic species dissolved in ground water. Both
ionic sﬁrength and complexation increase the total amount |
of apecies- otherwise limited‘byuprocesses guch as oxim -

. dation, precipitation, or adsorption.
/ - ) ot : ‘|
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: Acid-b&se‘reactions'— Mpat! constituents increase ;n éqlu-
bility and .thus in mobility with decreasing pH. In organic-
rich waters, the lower pH's (4-@) are agsociated with high
‘values of carbonic gcid and ¢ften also of orgenic acids.
These will be most abundant 1n mozsture-saturated sozls
and rock. . ‘ A A .

iy

L8

Oxidation-reduction =~ Many ‘elements can exzst in more than
one: oxidation state. Condltions'w111 often be oxidized or
only partially reduced in unsaturated soils and.ground wa-
' ter recharge areas, ‘?ut will become reduced under satiu'ated
condltloms wheh excess organic matter is present. Mobility
depends on the element and pH involveds chromium is most
mobile under oxidizing candltions whereae iron snd manga-.

fq are most mobile under those reducad conditiens in
which dlssolved oxygen and’ H2S are absent. !

' ! .
Precip1tat1°n;diasolution ~ The abﬁnﬂance of anions such as "
carbonate, ‘phosphate, silicate, hydroxide, or sulfide may
lead: to predipitation especially of multivalent cetions as

insoluble compounds. Dilution, or a change in oxygen contant

' where preclpitatlon has involved pxidatlon %r reduction, may
return such’ constituents to solutlon.

a
ﬂdsorption—desorpt:on = Ion exchange can w1thhold, usually
temporarily, cations and to & lesser extent anions, on the

,surfaces of clays or other c01101dal-slzed materials. ”
Amounts of adsorbed metal catlons will increase with in-

" ereaging pHﬂ Molécular species may be weakly retalned on
001101d&1-81ze materials by physical adsorption. The much
stronger blndlng forcea due- o chemls?rption'result in
the formation of aurface compounds involv1ng metal iong amd
mineral gralns. Depending on the nature of the adsorption

bord adsorbed species may return to solution when more dilute .

moisture comes in contact with the colloidal matq;ié1.=
. = N .J

. . # o

' o ' ‘.
, ‘
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4 . ' LY
Biochemical Processes

Decay and respiration = Microorganisms can break down ine
soluble fats, carhohydrates, and proteinﬁ, and in so .
doing release their constituents as sdlutes or partieu—
lates to subsurface waters. :

1 -

Gell_s&ntheaia - N, C, S, and P, and some minor elements
are required for growth of organisms, and can thus, be
refarded in their movement away from & wastie d¢imposal
site. ' |
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riltration of polluted surface Water into aquifers. A similar BN

" situation can develop -along coastlines, where the intrusion of !
_Balt water into fresh-water aqulfers may be a cunsequence of

overpumping /16/. }

"-3,. Contaminsnts may. ﬁigrate into equiTers due-to the hydre-

geologlc effects of man a activities, e;g.

a) waste-water storage lagoons or tanks on the surface;’

i

b) clarlfication hasﬁns aug into the groumi;

Ce) subsurface storage tenks, oil and gas pipelines~ '
d). dlspoaal1wella.

i Y

;4. Iﬁnally, contamlnatlon mey increase at depth due to the

interaction of foreign o§ exofic materials and surface or sub=
surface waters. For example, water-logged sand, clay and gravel
pits and abendoped miges mey become filled with wastes. 4s a

'result of the disposal of large amounts of rubble from buildings

(é.g. after the Second World War) fhe sulphate confent of ground- .’
waters may increas?_because‘of decomposition of plaster /12/.

.4‘ \ . N
Main human activities generating contaminants are

- égricultUré.(inorganic and organi¢ fertilizers pesticides,

livestock, gilage)

‘ 1
- mining (svlid and liquid waates) '

i '

D~ household, commercigl and ipdustrial_solid wasates

- hougehold, commercial and industrisl liquid wastes (raw
sewage, sSeptic tanks, sewage treatmenj; sewage:slnge.‘ﬁtﬂrm'
water drains, various industrial wastes). i
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" I1:3.3. Surfage watér :

‘Surface water is the waten flow1ng in torrents, rifers and
atreams and the standing water- in ponds and lakes. Surface
water and groundwater are closely coupled in most cases. Sur~
face water is the main resource of water: supply for 1ndustry
and irrigatlon. A ngtural stream or a fake closme. by are the
most economic source of water for a city. To Judge the sult-,
.abillty of the gsurface water we have to apply two criteriat

= the dependabillty of the flow, and
= the quallty of the water.

Since the quality and/or dependabilitj of surface water often
- is insufficient for drinking water, the main source for the
latter in general is groundwater: ‘

1
1

Wlthout storage capaclty, the water demand of the clty plus
downstream rlparlan requlrements should be less then. the low.
flow occuring with a given probablllty. Important factors in
the dependability of stream flow are the size of the drainage
area, the olimate and the charactef;stlcs of the drainage basgin.
The larger the drainage basin and the wetter the cllmate, the
larger the dependable flow. ", . Y
If the dependable flow of a.river bagin is insufficient to
satisfy the estimated demand, but the average flow is ample,

the demand may be met by constructiqg & reservoir. -

L IT.3.3.2. ictor§_influencing,the surface runoff \

The hydrologic regime of a stream is the resilt of the formatlon
and concentration of runaff in its basin. The characterlstlcs

of the basin are the main factors influencing the surface runoif.’
They may be devided into two groups; geographzcal ‘factors and
geomorphologlcal faciors.
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L ]

Geogmphical factors

‘

- Climate (precipitation, radiation, heat, air motionm,
evapetranspiration) ' ) -
N
The velocity is measured on several points by counting the '
fumber of revolutions of & current meter Quring a short time -
period. ' '

~

Discharge measurements are needed for different water-stages -
of tHe river to comstruct the rating curve ¢ the river profile.
This is the relation between watér stage E snd’ discha.rse Q. The
ind.ividual discharge measuyrements may deviate from a meen
relation § = £ (H), because of insteady flow, variing aquatic

" growth with season, influence of variable back wa.ter, changes.
in cross section.

Other discharge measurement methods ere irece methods, indirect.
methods, acoustic flow measurement. :
) .

I1.3.3.3. Streanfiow calculations
To assess the quantit# of water available _iﬁ'é streean 'gene:rally,_
the following levels of streamflow data. are-utilized: "mean
aoxual runoff, the mean monthly dlscharges, and the mean daily
discharges..

Methods of calculating stream flow are based on the .f.ollawing
main eonsiderations. WMO (1975). .
a) Variations in naturel river flow ,during the relatively ,
short period of hydromeiric observetions and the existence
of the planned structure are assumed to be rendom variations
about a stable measn rggim" . ‘ :
b) There is a general pattern of flow varistions by seeson, ir
accordance with the apnusl.cycle of the earth's rotation around
. the sun; .
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A ’ .
- ¢) The annual paximum and minimum discharge obey the general
law governing the probability distrdibution of random values
bf varying magnitudes. \
X

= Sell (mineral composition, granulation, nutrients)
- Vegetation (vegetation cover, plant physiology)
- Man's activities (land use, artificiasl reservoirs)

Geomorphological factors C

- Size and shape of besin
- Strealn—channel system and stresm lengihs
= Bagin slope (mean grourd surface slope)

~ Character and slope of the stream (upper, middle and
" 'lower reaches)

There are a great number of factors influencing runoff, they
are intercomnected and often counteracting..

5
]

II.3.3.4. Measurement a -sis of river' iaéhar [

For the asseaamgnt of available water resources and for hydro=
logical analysis the measurement of water stages (river, lake

and relervoir stages} and the discharge of rivers is extremely
important. The site for. measurement should ensure a stable re=
latlon between the stage and the discharge and an easy meesure-

ment of the flow. WMO (1980}, - . .
! !

For, gggaurigg the stage manuel (non-recordlng) and reco ;gg
gauges are used. Thé stafrgauge is most - common &mong the non-

recording geauges. It conpists of a graduated plate fixed in the
stream or on the benk or on'e structure, i.g. bridge. Recording
gauges can be classified by thé stage detection method (float,
hydrostatic pressu.re) and by the mode of recording (contimious
line on ‘graph paper, -gequence of punches of a dlgital stage
redorder). .



The mosf common method of digcharge meagurement is. the
“area-yelobity-mgthod“ using the continuity equation

. ' 1 . ! 1

/m’ ., &7l vo= A/u® v/m ., §71
discharge through = wet cross section. x average. »
a cross section area ~ stream flow

. velocity,

1 \

IT.3.3.4.,1.  Mean annual runoff \
The maximum potentlal quantity of water avallable from a basin

in the leong run is given hy the mean annual runoff Q. Therefore
the long-term mean dlscharge of & atream is of funﬁamental im=
portance for a surface’ watéy inventory. It is also used ag a.

unit in terms of which the annusal runcff of current years and

the amount of runoff in individual seasons are expressed. The
=value of mean annual.runoff does not give an idqa &s to how

much the runoff in individual years can differ from the aversage.
But, the greater the varlabllitx of annual runoij the more diffi-
. cult and expensive becomes the. managament of water resources.
. Therefore, such deviations are of practical importance. The basic
measure of variability is. the square root of-the variange c¢alled
the stendard geviation. To enable comparison of runoff variabil-
"ities'for points with different velues of awnuel runoff, the
dimensionless coefficient of veriation is prefereable. WMO (1973).

T

Probability distribution of mean ‘mnmual runoff

B N !
The mean and the coefficient of veriation alene are not suffi-
cient for answering such questions as what is the probability of
the annual runoff not exceeding 50 % of the mean. To solve water
- management probiems we need the probdability distribution of
annmual runoff.

| ‘ v !
. Probability curves of river Ilow are described with sufficient
dccuraty by three pardmeiers: '
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‘the mean anmusl flaw, the coeffieteat of variation and the
coefflcient of skewneas.
Three properties of runoff probability distribution cah he
derived from the physical nature of runoff: i ‘
. L) I
- its shape is esymmetrical (skew) ]
~ the distribution is limited 1n ‘cne direction (lower tall)
and unlimited in the other. (upper tail)

- the absolute lower limit is zero.

The measure of asymmetry (ccefficien% of gkewnesa) iy an im=
portant characteristic of distribution shape, but it is very
difficult .to estimate the exact voefficient of skewness from -
the available data series. As annual runoff of most rivers
seems to exhibit positive skevmess th:.s has become an a priori
assumptlon for snnual runof?f dlstributlons. Post J.vely skewed
models, iike gamma and log=normal types, are often applled. '
These two-paremetexr distributions do not require the coefflJlent
of skewness to be calculdted from the data and .can be fitted

just on the bagia of the mean and the coefficient of varq.ation.
The coefficient of skewneas Cs is a functién of the coefficient
of variation Cv. o

Cs = 2 Cv for ggmmé distribution, and
Cs = 3 Ov + Cv> for log-normal distribution.

- Meinly rivers with lafge gtorage capacities in- their basin have
much smaller _ lues of Cs. To p.chleve :Elexibllzty in skewness a
power transformatlon or a location parameter ¢ is introduced. In
the first casaq a varigble a . Qb (where & and b are paremeters
that can be expressed in@ferms of Cs) rether than.Q, is assumed
to be gamme distributed. In the Eecond wase it is assumed that
s variable Q - ¢ rather than ¢ possesses the gamme .or lcg-ho:mél
distribution. The gamme distribution with a location parametér
is kmown as a Peapson type III model. ) ' "

/
'
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. ~ R
For fititing of distribution models the data can be plotted on
probebility paper with & special abscisse scale where a certain |
type of distribution function eappears as & straight line which
is fitted to the plotted points'of annual data larraziged in order
of magnitude. Objective _metiqus of fitting are the method of
‘moments, the method of maximum likelihood, the method of Jeast
squares, and the quantile method. These methods are mot very
acourate. "

L]

-

A plot of & fitted disiribution function is the final practical
objective of distribution fltting giving the values of annual
Tunoff of desired probability. WMO (1973). . \

Time-~dependent behaviour of apnual yrunoff

A sequenbe of annual runcif data is celled b time series. It im
-a gpecial feature of hydroloegic time series that they show high
variability and 1arge scale random variation-sbout & mean veue.
A'time geries may be marked by a superposition of random, cyclic
and trend components. It is extremely difficult to decompose the
composite time geries into its components, but there ma.y be a
relationship between the various components and basic physical
‘laws. ‘ 7 '
It ih important to know the patiern of time fluctuations for long
term hydrological. forecasting, long-range pla.nm.ns in-water
resources and design and opemtion of flow regulating re-arvoirs.
e,
If . there is_no trend. in the sequence of annual> runcff data, or it
has been removed, the series can be regarded as a discrete
stationm stochastic processs Its stochasilc behaviour is
characterized by the autocorrelation function, which-tan be
estimated by the correlation coefficient between the pa:i.ra of
annual nmoff values k years apart - ) } ~

r, =
k n.6'd
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where & is the variance. In a finite h-term geries the above
summation can be carr:.ed out from I =1 %o 1 =1 - k. With in-
creasing k the reliability of ry decreases. '

If no reliable inference can be mede about r,, k =J2, 3, eee
but ry is significantly different from zero, the series can
be fitted by first order Merkow chain

.

k4 Q.

1-r.Qi-1+REi

-

with the 'au.tocorrelation function

[y

-

7 .
Where REi is & random element whose distribution is a function
of that of @ . WMO (1973). ' i

Simulation\ of series of annual runcff

- ~

The real time~pattern of future fluctuations «f the 'btochast_ic
series of mean annusl flow camnot be predicted. But in' water
resources planning &nd management decisions afe necessary taking
into gécount time horizoms of several decadesy A way out of this
dilemms is to test & given decision o'r.g ‘a large spectrum of
poseible future runoff. fluctuations thus obtaining & multitude of
different outcomes from which the probalitiy of the desired outcome
can bhe assesged, Using & mathematical model for the time peries.of
.annual flow, like the first order Markov chain, one-has to aimu-
late by computer & large humber of possible verients of the future
rundff geries and try out the intended. ﬁter'management policy om
each of them, As a result of ’clus spplication of the Monte-Carlo-—
Nethod & number of poseible outcomés i8 obtaineu from which the
needed information can bé extracted. Stream flow simulation is
described by FIERING (1967) and DYCK and others (1980).
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I1.3.3.4.2. Mean monthly rivér flows

There are many water regoukces managesient problems for which
‘the knowledge of the anmusl runoff is not sufficient (irriga=’
tion projects, low~head water power development with amall
flow regulation capactiy, water Qollution Ain a atream with &

- constant input of wagte water ...). In such casges mean monthe
ly flows are used for describing. sub-antmal distribution of
runoff; Ffequency'diatributiona‘of runoff and its parameters
can be obtained for each month in the same manner as described
for annual runoff. All parameter are 1nfluenced'by the periodic

component in the series 'of mean monthly flows. It is therefore
& much more complex stochastic process-then a serieg of mean' -
ahnua% flows. : ' : .

ﬁor'simulafionkof‘time series of monthly flows e twelve fold
linear regression model can be used as shown by DYCK and
others (1980). It requires to specify the 12 distributions of
monthly flows and tﬁe 12 correlation coefficients between the
flows of successive months. :

I1.3.3.4.3. Mean deily river flows
. : : . - ‘ . —

Mean daily flows are the basis for computation of meap monthly '
and apnual flows. They are used for planning, design 8nd opéra-

. tion of water supply from unregulated streams,.waate‘water‘
dilution, on~river water power inétallations, and naviga}ion.
‘By plotting in descending order mean daily flows from the
entire period of record amd rescaling the time base of the plot
to be equal to 365.25 days)we oblain the besic. duration ecurve.
The value of flow rate correspondlng to a ceriain number of
days'm, -on this curve, then gives & mean daily flow which is v
exceeded, on the average, during m days of a yearh,The dura-
tion cprve can be used when dealing with the above mertioned

. water management problemsﬂ/ﬁﬂb (1973)/.

Vo
L
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1I.3.4.  -Interreletions soil-water—plant
II.3.4}1§  Introduction . \ _:‘ : ;

The relationship between vegetation and clipmate figures among .
" the most difficult dnes in ecology. It has occupied researchers
gince the establishment’ of egriculturdl societies. Vegetation .
uses solar energy and water to convert carbon,. nitrogen, phosphuu‘
rus, and nther elementa into plant tissue. Thé carbon ‘diffuses
through pores in the leaves as carbon dioxide, while the mineral -
flow in agueous solution from the. soil through the roota.

Flant growth can be looked af as'é‘system qopsiating—bf three
parts: .soll, blant and atmospheric cdnditions (water and ehergy
supply). When assess;ng the water demand of & plar® each of the
three components mast be taken into adcount. For the estimation
of -expected crop yleld we needs :

- assessmgnt of potentlal evapotranspiration, whlch reflects
the energy supply by solar radiation

'~ assessment of reduction of actual evapotransplration with
_ decreasing,water availability (soil m01atu:e)

-a procedﬁre for belancing the soil moiséure to asséss the

actual availeble soil moisture.
. : -

I1.3.4.2, Terminology of plant water demant

. v

The terms Evaporation E, Trenspiretion T, Evapotranspiration

ET (see 3.1.1.3.) are specified for different objects:

Bo. : : evaporation of an open water surfece Jim/d/

ETo 3 - evapofranspiratiop of an area with optimal suppiy of
water and nutrients grown with equally high short
green grass [Em/d? used as reference crop for the
determination of the potential evapotranspiration of a.
definite crop (Unlt ETp)

ETp : potential evapotranspfration of an area covered with
1 a definite crop species, depenﬁent on- the stage of
o plant development :



50 .

ETa : sctual evapotranspiration, dependent on the availa
'soil_mois'tu::_fe, atmospheric conditions, end the soil- |

. and crop characteristics

The critical hydraulic properties of soil vary widely with

textural class. They can be characterized by

n total porosity, equal to the volume of voids/volume of
‘_soil- h ‘ . T
n, inactive porosity, equal to the void fraction -hot partici-
\  pating in soil water movent’ under normal potentiasl
gradients,
né effective or active porosity, equal to n(1-ni). :

Apart from the terms Field Capacity (FC) and Permenent Wilting °

Point (PWP) in Vol % or mm/dm soil coclumn we use the following
terms to describe the watér in the ﬂoil.

@ : water content (soil moisture) of & 8soil fn volume
’ per cent /Vol %7 or in mm :

'\‘.f-:' soil water potential or suc‘tion‘in Pagcal or ber

For the region between PWP and FC (FJ.g. 1I.3.=-10) we have
approximately. the relatlon ' -

Ve . oy
with a, b soil specific constants. |
@uz. ' useable soil moisture in [m/dg or [per cen_7
' @, = FC - WP
Y ‘
‘@a?" available soil moisture /m/dn/

e = @ - wp,. 0 é®e. 3@4

Z,: ‘depth of root zone [am 7 o

@e": effective useable soil moisture of the crop /[ mm 7

- ‘, ®e‘=-®u‘ 2y
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II.3.4.3. Determination of the potentjal crop evapolrans=
_Eummmgy, - :
L ' : ‘ _
For the calculation of the plant water demant field experi-
ments should be performed. If such data are not available We
can use ETp as & measure. for the water demand. The procedure
is as follows: :

\
s

1. Determination of potential evapotranspiration of giort
green gress ETo ’

i I'd v

In its instructiong FAO (1975/77) recommends several proce-
dures. The best krown are those of FENMAN (1948), BLANEY/
CRIDDLE (1947) and TURC (1961).

'2. Determination of the specific potentlal eve _potransgimt:r.og

of a plant E:@\

Each plant spediés'shows a specific behaviour regarding tem;'
poral development of growth and resultent maximum possibility
of transpiration. Plant water use can be described by a
species-dependent crop coefficient -Kc, which is the ratio of
potential crop evapotranspiration to the potential evapo=-
transpiration of a referemce erop

’

» - . !
Efp = K . ETo

‘The value of K ‘will vary with plant species and with the
stage of seasonal growth cycle. FAO. (1975/77) published Ky =
‘;unct?.ons for most. crops.

3 -

IT.3.4.4.  Asgessment of actual evapotranspiration -

The decreage of soil moisture results in 8 d‘ecrease of the eva=~
potranspimtlon rate. The amount of this decrease is variable
and depends on ma.n:y soil, ple.nt end climete factors. The inter--
dependence of these factors and the degree of itas inﬂuence AL '
eva.potranspimtion is a point of international discussion and
research. . . n
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) .

-‘For the assessment of direct-"intex'@,‘epqndence of actusl eva=
_potranspiration ETa, potential evapotranspiration ETp and
‘available soil moisture severel models have been proposed.
Most of them give the relative avapotranspiration EE.‘a./ETp
as.a function of aoil moisture ] f

1
i

"EE = 13(@)“ a (2)
ETp . ‘.
4 : ?
- Examples are the follow:mg models:
- MINHAS, PARTKH and SRINIVASAN {1974) propose ‘I:he :ollowing olasas
of ﬁmotions

@ - 1 "_'r'@ (3) '
' 8 -.ae'r‘@max + e’ﬁ@ : ‘

'i**h@max a.va:.lables soil moisture at fiald ca.pacity,
' r free pa.re.meter. . -

|

N(é(ERO (1 969) uses, the relatioxi E!I'.‘a/E‘]!m = f.(@) with

1+ @3 ‘ {
' @/ .

Eﬂ:mx is the maximum po::aible ET under given conditionﬁ, if soil

water is taken as a non—limiting factor. K 1is the ooetricient of

proportionality given for different crop dependent on EIp,

@ is the soil moisture content /Vol %7 tor which ETa = 0,5 Emmx

BAGROV (1953) developed the differential equatiom for annual

means : ‘
4 FE Eﬁ)
o ———— = 1 -

A\ETp

20(ED) = -—-—-(—4-)-5'.-1{ ' O (4)

— (5).
ar

with n as para.metar of erriciency, chamcterizing the etfic:l.ency o

of water supply (F) and energy au?ply (ETp) at a site with given
80il &nd vegetation. o Y ' ‘ |

L
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For the computation oz the actual uater balance we have to
teke intc account the change in stors.ge. Therefors, equ..

t5) is modi.f.ied , 1‘.
ETs . aEm ) i
22 o {1 - ‘ (6)
ETp ( a(P+A a8} . ¢

Dynemic geokwd?cological models have been developed for the
computation of actual monthiy water balance: valuea speclric !
to a given site. From this models water flu.xea and water content
\Ior the different soil layers of the aeration zZone are obtained,
DYCK (1980). These models can be used for the computation of the
g ,aét?ai: water belance and for the plamming, design and operation

of irrigated areas. .
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II.3.5. Irrigation and Drainage - - 1 )

II.3.5.i. Intreduction .
Irrigation end draipage of agricultural areas have been known
for about 4,000 years. Mainly in comparatively densely popu-.
lated and rain-deficient regions extensive irrigation systems
were:- built, which conatituted the baala cf the: prosperity or :
the people who lived there. L.
A good exampla of the close relat;én between the development -
. of the irrigation techniques and the wealth of a society is

- known from Mesopotamia, the region betwéen the Euphrates and
TMgris rivers. The development of the irrigation and drainage
agriculture for about seven millenniums ensured a flourishing
‘society. The destruction of the irrigation systems by cata-
strophic floods jogether with moil salinization initiatedthe
downtall ‘'of societies and cultures.,

. i

Whereas irrigation serves to get higher returns in agriculture
in arid regions, land drainage is the removal, by artifical
means, of water excess from the ‘soil or the land surface, its
objective is to make .the land more suitable for use by man.

In agriculture, it aims to increase production, to -sustaih .
_ Yields, or to reduce'produc{iph costs. In meny countries drajnage
_has always been =& vital mecessity for the cultivation of land -
otherwise unarable; for the improvement of moisture foymake .
the cuttivation of a greater variety of crops. pogsible. '

t ’ .
IL.3.5.2 Irrigetion ‘ v

] ’ .
II.3.5.2.1.0rigin and Quality of Water ‘;,

The water used .for 1rrigation 15 taken from the natural running -
or stagoant waters. Surface and groundwatar are dszerentluted.

Wastewater and brackish water are more and more used for 1rri-
gation too.



Surtace water-Surrac‘e\"waLters are classified into stagnant and
running waters according to the water motion. Streams, rivers,
brooks, ditches and canals are running waters. Mainly in arid
regions . their :cate of flow may -vary considerebly, and especially
in pericds of increased water demand smaller water coursges may .
compl"et'ely dry up. Stegnant waters are natural or -artiﬁ.cal Were
tera., Artificial water-reservoirs have been known since the -
beginning of . irrigation agriculture. In arid regions malnly
c:l'sterna and earth basing asre avallable, which serve for collec—
ting rainfall. Retention basins and storage lakes ‘at running
waters are also ‘very important.

' Groundwater;Groundwater supplies a large and continucugly in-,
creaging share of the i{rrigation water. The potential tapping
is detemined by the recharge of groundwater, which amounts to
only 2 +eo 5 % of the rainfall in arid regions. Groundwater can
of course, be used by tappings of springs; as a rule; however,
wells {dug or drilled wella) are necessary for water supply.
EKanats for wa't:ep supply are common in the Middle East, BeZe s
.about three million hectares of agricultural area are irrigated

“with wa,ter‘from km:a.tg. ' . .

‘Wastewater and brackish watery In indusirigl agglomeration areas
and in the neighbourhood of large towni waste water is. used in
the irrigetion agriculture, too.’ In addition to the utilization
of wastewater, attempts are made to increasingly use saline wa= '
© térs for irrigation. There is the danger/ however, that due to
the salinization of moil totel irrigation areds will become.
unavaflable for egricultural use for ghort or long periods of
time. Today the desalinizhtion of water for irrigation is etill-
_too expeqsive ‘and confined to_‘ a few examples. '

3.5.2.2. ' Deliva_:_‘x, fhed', meagurement

\

" . In the classicel irrigation egriculture water is brought to the

‘areas to be ;erige.ted usually by a na.tural slope. In many cases,
‘hovever, it is neceasarr to 1ift water "from & canal of*'a feeding
. ditch. This applies in particular when water éamnot be taken in .
‘at the uppér_course or if an elevated terrain iz to be"_' irrigated.
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Plants driven by man ;Sower, draught animals, wind power,
hardro-powér,' .electric IQ‘B'ox-s or ipternal combustion engines
are used for water supply. In meny regions of the Earth plapts
driven by men powar or animal powér are still very importans.
The meesurement of the water quantity is mecessary for an
economical irrigation. Depending on the discharge and the -
technical facilities available it is either carried out in

. open conduits, by means of measuring weirs or by flow measure~
ments in pipe lines. ’

The feed of water has a decisive function as the link between
‘water supply and water digtribution. ,Eze efficiency of irriga-
tion systéms is determined largely by the quality and servipew
ability of all feeding systems, because they influence the
water losses essentially. o

-

. - o
Water is fed through canals with or without lining or pipe
lines. ﬂ;he capals can be sealed with Glay mata'ria'.ls, concrete,
masonry,foils or chemicals (e.g.. bitumen sprayed on). As a

" rule, ide feed through pipe lines necessitates a higher expen-
diture on comstruction and higher maintenance cogts. Water
"losses ere minimized, which may be decisgive mainly at longer
teeding distances. !

I1.3.5.5.3.  Water . distribution

. In the irrigation ag;icultﬁre.the'water diatribﬁtion is decisive
for success. A water distribution system is needed by means of
whith the water quantity required for the optimum developement
of planta can be fed into the areas under cultivation at any
t:Lme. ! ! "

~

The ‘systems are claesified into typea, this 1a according to their -
" purposes.

Moiatenigg irgggation gerves to’ aupply water in order to in-
creage goil humidity, especially to guarantee an optimum gruwth
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of plants during dry periods. This is the moat frequent kind
of urigation.

r

- Stor__age 1:’rigation means to increase the . Boil humidity du.ring

hu.mid. periods when water ' is available. During dry parioda

plantpg tap ws.ter from this artifical storage. By fertilizing

" . 'means .and other characteristic features. {

irrigation the soil is supplied with an effective quantity
of plant nutrients together with 1'7119 irrigation water. The

. irrigation by river water which is rich in sludge (e.g. in

Egypt due to the overflowing of the banks of the Nile river

-befo}e the Aswan dam was ;constructé_d) can be classed with
fertilizing irrigation. .

1

Frost‘ precaution irrigation is intended to prevent frost damages.
It is confined to spacial cultures: (vine, fruit) end s of Yocel !
importanoe only. \
. ’ . §
In the course of millénniumq, a large bumber of irrigation
techniques have been developed. There is mno irrigation technique
which is i'deal' &nd adequate to all conditions and requirements.

The choice of ‘the technique must always aim at ach:.eving en op=- °

timun state with due regard to soil conditions, the financial

4

The irrigation techniques are difficult to systematize, because
d"i:trerent clagsificetions are used in dif:rérent language #reag .
and fields of application. The following table shows the most
important irrigation techpiques in German, English a.nd French

1
'

4
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1

 German designation Engliah denignation _French.d,es.{gnation

irrigetion par

y Flichenliberatau controlled
] g . a flooding § submersion
g .
[ | )
_ ‘5 .a BeckenhewHggerung g basin irrigation n-g irrigatiod par
ta & % IR 88 cuveites
R . g:! ™
i Landstreifenbe- o border strip .4 irrigation par
d . wisserung g irrigation & ~ ﬁé* planches »
m ™ ] .
g ,Furchenrieselung a furrow irrigatidn %@ irrigation par
2 & : ‘ E B pillons
L.} Furcheneinatau -t & dirrigation par .
-3 . ) , . E rigolesd'infiltr.
0 b ! i .
Winterflurbe= subirrigation d irrigation
wiigserupg - ' ' . “ - gouterraine-
I8 .
. Bpopfhewisserung dripirrigation : rigation goutte
. ) ‘ . goutte
‘Beregrnung aprinkler . drrigation par
o irrigation - ’ ' Bupersicn

tan!

The choice of the suitable irrigation technique depends on &

large '‘number of local and social conditions, e.g.

gbil (physical properties, topography)
water (demand, necessaryl dosage, physical end

Y ‘ ~ chemical properties)

cr;:p type end prpparties _ ) 1

expenditure on construction and operationm,
. _ . ,

e efficiency of irrigation is en importent chavecteristic

when plapning an irrigation system. It expressed the ratio of
the water taken up by the plant and the water quantity baving
begn made available. 4 distinetion is made between the effi-
-¢clency of the totsl sy‘stem, the efficiency of the water supply,
the efficiency of the supply to the fielids and the’ effzeiency
of wa.ter distribution. . ;

[y

L

The etficiency of different techmiques may differ widely; in

‘ge‘neral, the following eff,icienciea of d_ialtr:y.bution can be
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expécted: for surface jrrigatiomn 0.5 = 0.6, for spray irri-
gation 0,65 = 0.75. The efficiency of .the supply and distri-
bution systems is considersbly influenced by exact dimen=
~“gloning.

II.3.5.2.4. PL d control of irrigati

Before any new irrigation system 1s constructed, it has to
‘be checked whether c¢limate and 80il netessitate irrigation.
Due regard should be given to economic criteris amd the sur-
prlus yield of irrigated cultures should considerably exceed
the labour end the construction end opersting costs, ~

go far, there is no _'hheoret:lzlca.l foundation which takes into

_account all requirement and conditions for determining the -

water-yield relation.

The planning and control of i;:-r:i,ga.tion syatenis require s
high degree of interdiseiplinary co-operation between agro-
nomista, engineers and econcmists who have to be assisted by
metecrologists, pedologists and hydrologlsts. Experience
teaches us that failures. often occur in cage of a purely
teehm’.eal approach to the complex problem,

The control of irrigation systems can be done aceording to
- pl&nt—phyaiolog’icalwcriteri\a
- 8oil-physical criteria or =
- climatological crite:gia.

l
i

'I:he choice of a suitable regulation and control depeuds on.
the available meseur.tng devices, the demand s made by the
crops or pla.ntatlons to be irrigated! the climatological
factors and other factors.

. : . : \ ‘.
The price’ of the irrigation water, which may considerably
influence the ecomomic &spect must be. taken into account.

’ -
-
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11.3.5.3. land drainsge o -

Land d‘rainag'e is very old practice. Especially in the Nether=-
lands, with much of ita low-lands lying below the gea or river
level, drainege has always beenm & vital necessity. The devel~ .
opment of drainage all over the world was paralleled by 8 better
understanding of the principles of drainage, upgrading it from =
& practical method based on experience and skill into a sciehce
based on the complex interrelations between the hydrological, \
geological and agronomical conditions. In. the mineteenth cen-

’ tury the French hydreolegistis Darey and Dupuit were the first to
fonmzlate the basic equation of groundwe.tar flow through porous
media and to apply it to flowa to wells. .In the thirties
Hooghoudt followed by Childs, Connan, Ernst and other wellknown
scientists dealt succesafully with drainage problems, but when
drainage problems are applied in practice, we still face & num-
ber of limitetions. These limitations are a consequence of the
wide variability we encounter in natur¢e when dealing with soils
and plants. ' b

We face a lot of questiona 1ike: how to characterize a solil

profile and how to measure a physical sSoil constant? All these

factors contribute to en inevitable inmceuracy which has fo be '
accepted when working in land drainage., Therefore, the statement
made by Cloude Houston in 1961 is atill valid: "Although ex~
cellent progress has been mgde in recent years in developing
drainage criterla and -investigational tools, it gtill takea

_ good audgement -local experience, and trial and _error - along
with a thorough understanding of the basic principles - %o desmign

a successful dreinage ghatem. " '

)

11.3.5.3.1. lydrogeology and drainage

\An area drainage problem is closely related to its geomorpho-
logical and géogenetioal conditions. The presence or abaence
of layers with good water~ireansmitting properties, of barriers
and springs end the relation between groundwater and surfece
water will affect the water conditions in or near the rootzone.
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‘For hydrological parposes the layers ére classified as:

.

- pervious . . !

- A
© = gemi=-pervious
= -impervious ,
& layer 1s said to be pervious if its resistance to vertical
flow is small. It may genemlly be neglected, so that only the
. anergy losses céused by horizontal flow muat 'be taken into
account. : !

| ' : . - "

In -3 aemi—pernous layer the horizontel flow rate ovar a longer -
distance is negligible, but verticel flow cannot ‘be neglected due

- to the relatlv.ely small thieknesa of the layera.

The la.yera containing Smmfhﬂéter combine into aquifer systemT
These aystema ‘should be relatively sim;;le in order to- enable &
methematical ireatment of g.pounﬂ waier flow problems and skould
belong to- one of .the following typest

~ confined ‘
- aem-conrined ‘ \

- - uncon.fined E ' '
An unconfined aquifer," or phreatic or wttertable aquifer, consists °
"of a setturated part which is underlain by an mpervious layer. !
A confined aquifer consista of a completely gaturated layer
; whose upper and: low‘er boundaries are impervioua layers. Con-
fined aquifers are rare in dra:‘mpge problems. F

’ l

A aemi-confined or leaky" aquifar congists of a completely satu~
" rated pervious layer covered by & layer with a water table. In
many cases & verncall flow component will raise or lower the

¥

water table in the covering layer. oo ‘ o
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'II.3.5.3.2. Soil and soil properties
The term soil is often vague and conveys different meanings -
to difi‘erent people. The civil eng:\lneer, “the soll- physicist
the soil chenis’a or a.gronomist consider the soil as uncongoli=
dated ea.‘rth as a poroua medium, as a powﬂer, or as the medium
for plant growth.

|
- The atainige specialist ia concerned with soil propertiea which
affect the ‘movement of water into. ‘and through soils. The
natural soil ‘eonteins melid, 1iquid and gaseoua materials. Soils ]
supply crops with essen’tia.l plant nutr:.enta, in addition to
water and oxygen for root reapiration. . : { :

' ' " :
Other aapects of soil which'hAVe a baariﬁg 6n‘p1ant growth are \
- its temperature wh:.ch should be favourable to plant

" growth; C , -
- its mechanmnl resistance to the movements of roots
whlch should not be too high; ' ) .
- it should provide an enviroument free of chemical or
bilologioal cond.it!.ons detrimental to plant growth. )

II.3.5.3.3. Types of i’ield drains
The field drainage aystems may consist of one or of the
following type® of drains: '

‘= open drains : ditches
- mole. dra.iiu's 't unlined underground chanpels
- pipe dn‘nins. N o f
Open drain systems have the:L‘r speclfic advantages and d.:.sad-
va.ntages. o } N
Advantages: Receive both groundwater and surfs.ce weter, the .
‘ gradient requz.red 1s much less than in pipe
drains or in mole drains, they allow :Lnspection
‘Disadvantages: loss of land, : \
_ weed grow‘l:h and ercsion is possible, the land
is apln.‘c up into 'seperate.parcels.
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II.-3.5.3. 4. gonstruetion and materiasls for gige drains

The normal procedure in conatructing & pipe drainage system is
to ~ excavate a trench at the required depth and ‘gradient .
- .';.nstall the pipes in the trench -
~ fill the trench with the excavated soil.

The construction may be done by manugl labour or by machinas.
Clay, concrete, and plastic are thé most eon,mon materials. used
in drain pipe produotions. 4 oo

Cover ,ma.ferials are applied to pipe drains for two purposes:

. = to'facilitate the water flow into the drain’ ,
-~ t0 prevent the eniry of soil particles into the drain.

‘These materials are applied in bulk, in sheeis or by means of
pre—anveloped drain pipes. - R
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' 11, 3.6, Water guality, water treatment, drinking
water supply ' : -

1I. 3.6.1.- Chemical water quality problems

IL.3.6.1.1. Essential conatituents in water

‘For the purpese of ‘this. sui'v'ey only & few aspecta of water
use, particularly of drinking water, shall be memtioned.

- \

Among the gases dissolved in weter, special aignifica.i\z‘ce is

attached to oxygen and cerbon dioxide. 01ea.n surface watera
have a relatively high oxygen .content which is very near to
the velué of saturation. The oxygen deficit ia larger in
polluted waters Wue to the biochemical eonversion of organic
substances. In such cases the ebsorption of oxygen from the
air and the oxygen formation byr'tiie aspimilation activity of -
. water blants is-often not sufficient in order %o compensate
the consumpt:.on. Severe loss in oxygen resulia in dying of
fish and septic processea. In contrast to surface watarﬁ, ground-
waterg often contein smaller quantities ‘of oxygen. Sufficient
oxygen content in the water reduces the danger of teste impalr-—
ment and is necessary for the formation of B protective 1ayér
of lime and xuat in the p:u.pevork. Carbon dioxide gets into the Z
woater from the asimosphere, from geologieal processes, and from
biochemicel disintesra\tion processes. It is closely conneoted
- with the occurrence of carbomic acid and its dissociation prod- !
ucta. Carbon dioxide has & positive influence' or the water taste,
i't accelerates the disintegration of certain minerals,’ parti- ‘
- -sularly of cerbonate stones. 'L‘hus, carbonic acid dan be assigned .
aggreagive properties. Therefore, excessive carbonic acid must
be removed when treating wdter, end an equilihrium ‘hetween .
li.miand carbon dioxide must be established. Due to. the ex~
ehange' between water and atmosphere, surface waterg possess a
low content of carbon dioxide, while the comentrata.on in the
groundwatnr may be quite high.



" In the absence of oxygen, under anmerobic Gonditions, hydro-

‘gen sulphide can be produced by biochemical -dis~integration "
of organic substances end by chemicel processes from sul= . '

_ 'phides. This poisonous gas 18 characterized by a atringent
‘edour whil:h ‘becomes noticeable alraada in smell traces. It
is to be eliminated by the treatment process. It ‘ahauld lalso-
be. pointed out that sulphides oxidizn ufuier Zormatign of _
aggressively a.cting sulphric acid. 4s regarda cations, nmen~
tion should be made of the hydrogeu ien concentration which
-ia chamctqrizeq., byithe pH value. Theé pE values of surface

' waters are,in.the neutrasl range while ground waters oftem
have. higher hydrogen ion‘concentrations and lower pH fal_uen, .
and thus can act aggressively. . 3 :

The pH value of water is mainly specified by the ooncantration
of free carbonic aci& and hydrogen carbonates. Many meta.bolic

: ehanges of water depend 1argely on the pH- valua.

. The anorganic compasition of naturel waters is chareoterized

" mainly by the rocke with which the water bas reected. The -~

" elkali and elkaline-earth minerals which are readily soluble
form the me.;;or‘part of cation componsnts of inland wate}'a over
& broad scope .of concentratigm. '

" In geméral, the sodium iong outweigh the other alkali ioms by - (

- more than 50 par cent. Calcium ions are adsorbed from the soil L
and from suspended subBtances of the water, so that the portion LN
of calgium ions amounts to only app{foximtely 10 % of the sodium
ion content. K K

Almost 2ll waters contéin calcium and megnesium ions. They are

resgonsible for the hardness of a given water which affects ,

the utilization of water in many waye when exceeding certain B /

threshold values. ' , '

The interaction of* the alcali gand alkaline earih ocatioms, in
. general with chloride and aulphate ions, produce 3 salty or
- bitter taate of water.
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In general, surface waters contain iron aid manganege. 1onsg. in
very small ooncentmtions only.. The' preseenee of these elements
is, however, typioal for a -great mlmber of ground waters. Inm

. the presence df dimsolved oxygen, ‘iron (II) ¥ons are readily
‘oxidiged to iron (III) oxidq/which subsequently precipitates

as oxide hydrate with 1aw-solubility. The abaence of dissolved
oxygen (groundwater) aund the reaction of carbonic mcid to
,iron containing minerals. leads to a higher iron (]}I) ion concen=
., trations, The iron ions can be often found in a compl ex- compound
with humic aoid, partly_d_issolved partly in colloidal form.
'These humates are very stable towards oxidation with atmospherio
ongen. Iron ions -can 8lso get iuto the watar by way of oorrosion
proceases. Iron ions are'not barmful although they provoke an -
ink-like taste. The sedimentation of precipitated irom (III)
oxide hydrate leads to the ¢logging of pipework, to which the
‘rapid multiplicetion of irop bacteria is adding.

Tis aldo applies to wangenese ions and iron (II) ionms., Ev.en

" small manganese conc¢entrations bave a negative effect dn the
water, and their elimindtion is more expensive as they are less
oxidizable than ‘iron ions. Both cations muat ‘be eliminated by
water treatment. ) . i '

, Chloride, aulpha{;e "add hyflrbgen carbonate form the major part
of aniohs contained in natural watera. Chloride ions can. be
found in almost all waters, and their comcentrations verties
very much. Due to' the high solubility of chlorides, chloride

“ions are ‘widely ‘spread. Domeatic and industrial waste waters
can increese the content of chloride ioma in & given water.
This also applies to a number of other main components which
have‘alreac‘ly; been mentioned. Sulphate ions arg also widely .
'spread' as the final product of oxidation of suiphide like
minerals a3 well as of sulphuric organic substances. Higher
contente may.ceuse stomach and intestinal disturbdances, and
can do damage to concrete buildings. Concerning the negative
effects on concrete factors like the density of comcrete, in-
tensity’ of the stagnent or flowing water, and te.mperature play .
-1 lead.:u’g role. Reactions of car‘uon&’ca stones with the dioxide
"dissolved inp water lead to hydr_ogen ‘ca‘rbonate ions. I:i the al~

P
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calic pH range these hydrogen ca.t'bona.te ions dissociate to
carbonata ions, while in the acid range, undisscciated carbonic
acid prevails. Watex practice therefore distinéuishes between
_free and bound carbonic acid. The establishment of an equili-
brium ata.}-,e between these substance Qid the calcium ione 18 .
considered to be of great impnrta.nce.u dn order <o el:!.m:l.nate a
possible aggreasivenesa of the water, and to prevent “the ‘pipe~
wbpk from becomigg overgrown by lime precipitation.

In this cormection, with waste water influx and fs’;ti}.ized

agricultu.ral acreage, increasing importance is attached to the
addition of nitrogen and phosphor compounds with, respect to .
the »eutrpphication. o . ’ .

Armonia and ammoniwm ions are primary disintegration products of
organic nitrogen compounds, e.g. h:ydrolyais of ures. Jndustrinl
waste waters and fertilizers are fu.rthar gources of wmater

" pollution by apmonium .ions. The presence of these ions is objec—-
tionable from a hygienic point of view. .

Ammonium ions are oxidized to nitrate .v:l.a' the intermediary atage-
nitrite by means of micro~orgamisme. Like proteins,” nmitrate ions,
"as'the highest oxidation .stage of pitrogen during the aerobic
disintegration of organic nitrogen compounds, indicate water

7 pollutions or signalize the use of fertiligera. -Although m.trate
ions are comperatively harmless, nitrate is reduced to nitrite
in the upper smell intestine section in babieg causing -
methaemoglobinemia which is rather dangerous. Care mmat thepe=-
fore be taken that the excessive nitrate content is reduced
during the water treatment procesa,

\Apart from phosphorus which is orga.nica.lly bound, hydrogen~ °
prhosphate ions are mainly found in the water. Ais they occur

. mostly in minor concentrations, a higher content is an indi~
cation for pollution, pa.rticula.rly introduced by fecel ma.tter
and tertilizera. Phosphorus is often the initial. fa¢tor of
eutrophication, in general it represents the limit:l.ng factor
which is needed for the formation of biomass in' waters. Al:ready .
small - naea in’ concentration may lead. to mass growth of slgae.

N
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Small hydrogen phosphate concentrations are not deu‘:garcu’s to
health. FPhosphoXus compounda are sdded repeatedly to drinking .
water in order to torm a protective 1ayer in the pipework.

~ Organic substances may have a negative' influence on the water-
use in various ways. Attention must be paid to’ poisoneous im-
plications,deter#oration of  taste and surface effects. Altogather
thay may reduce the aelf-—pu.ri.fication processes, and in extreme
cames, they can stop them completely. It is quite impoaaible to

_ enumerate all organic substances that contaminate waters. When

' consldering the water load caused by waste water cont@ta, the
organic substanc€s should hold an eminent place. .
Organic water contents include in the widest gense living orga-
nisms, their metabolic products, and also insminate subsitances

in dissolved or suspended . form. A great number of organic sub-
stances contained in a water are subjé'dt to biochemical disinte—
gration and changes. This natural aelf—purirication of the water
"is caused by the complex interaction of physical, chemical and
biological procesaes, and leads, under.certain conditiomns, to .
‘the mineralisation of 'orga.n:l.c substances. Water, carbon dioxide,
* sulphate, nitrate, and phosphate are the besi¢ final prdducts of
these, With rega.rd.‘ to the biochemical conversion, the organic
water contents can be divided into three groups. P

t. Substances which can easily be disintegrated biocchemically.
The organic substances of that group are ‘mostly non-toxic, ‘
i.e. purely domestic waste water. .

2. Substsnces which are hard to disintegrate blochemically. The _
fubstanc.ea -of that group are converted qnly over longer perioda N
of time, emples,a.re cellulose waste waters, and also mineral
Oilﬁlo ’ . .

~ -

3. Subatances having a toxic effect, There is no biochemical dda-

:I.ntegration. Chemical conversions way take place over longer
intervals, a typical emmple are insectioidea.



‘This rough.ly outlined olaas:l.ﬁeation muat not e applied sehemati— ‘

sally.. m.nnerous ‘transitions are the rule. We lack lmowiedge about

.type, athbility, -and effect o.f the intermediary products formed.

'
The rollowing a.':-e organic’ substances. which bave gnined an :meorq-
tant positiomn over recent years: humic. and lignife compounis, the

"wide spéctrum of ‘the pesticides a8 well as caneerogenie subatan-
cem.

| .
A pumber of' polycyclio aromu.tic hydroca.rboﬂs the oanceroganic
effect of which is known, have been’ fourd in nitural waterl.
Such substances may get inte the water by meauﬂ of road duat,
and wagte waters, and their syntheaislg is alse poseible in the
flora. El'hey have also ,been Iound in algae and bacteria.

I . )

When disin.fecting water by means of chlorida, as it is often

done ’oy drioking water trestment, cnloride Productas may be formed
depending on the concentration of orga.nic substances. Rererence
shall be made to the haloform cmnq:»gta.nclaJ which are of simple:
chemieal structure. Chloroform is a haloform vompound end its
toxio ;effect is Imown. It is therefore importent tc-leard more
about “the metabolic produc'l:s formed during water tre’atment. Cur .
knowledge on the effect of. organic subatames is broadened cone
tinuously. The water treatment faces new problems by ‘the pre-
sence of harmful eubstancea, and development of turthe.r process
stages become necassary in order tp supply dri:;king water which

~is clean from a hygienic point of view.

iIo'Bo 6.1 o;2o ‘ Water &na.l.:sis‘ . ' - .

The last mentioned: substances ocour in water in minor concen-
trations as so~oalled trace substances, a term which is gaining

i 1 " -
griound.

Gomentra.tion oi’ water compou;nda ‘with the exception of a. :rew
gpecial cases, ranges ‘between 10! and 10~ g/l. The analysia or
water compounds, pa.rticularlq of harmful su_bsta.nces in the water,

’ . ’ ’ .

i
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;l.a therefore ideni:ical in mo#t cases with a trace analyais.
'ﬂ!here:ore, any particularities of ithe water analysis have to
be borme in mind when taking and prepajing the aample. ‘In the
follqwing some bagic remarks shall be made. . o

B
v

Ihe-moef exact findings of an analysis are useless unless the

water sample which baa been analysed is representative. Althowgh
there are hardly any ideal representative samples, eny possible, .
care should be taken not to change the properties or comdition ,
of the water sample prior to amalysis, L ,

‘The shorter the time betweeén semple taking and the analysis,

" the more likely it is to keep eny changes at a minipum, With
some water compounds, particularly with gases, an analysis or
at least presérvation or fixing of the substances muet be made

in=gitu, as already changes in temperature mey cause: changes 1n

the weter-condition. If the water analysis cannot be carried_out
in-situ - this could be done either in mobile laboratories or
automatic stations - the 'water sample to be teated must be pre-

served in order to prevent or delay changes ceuaed by physical,

chemica.l or bio;l.og:.cal ‘processes. The absence of & universal
preeervation substance prebente problems even to the experienced

.analyat. ) s :

!

Purthermore it is of decisive importanee to kmown whether a water
investigation shall only record dissolved substances,’end whether :
suspended matter or coerser components shall be peparated prior

io the telt. It is for the analyat to decide whether sedlmentetion,
decantation. filtration or centrifugation is appropriate, snd
whether the preparationl must be enlarged, particularly when it
comes to recordlng inorganic components by & disintegration
nethod. Knowledge of the ahsorption abillty of the various harm-
ful substences of solid cdmponents and the. material of the sample
contalnere is essential, as it is known that some water compounds
cen be adsorbed by up to 50 % of theirfnoncentrat1on.

Water often containa harmfﬁl eﬁbstannes in such miﬁor'coneen-
trations that they cen be recorded esmalytically only by spe-’
Fial modern analysis methods end often even only after enrich-

\

wr
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mefit. The necessary concentration of various harmful substances ,
in water requires enrichment methods esrmarked for 51360131
purposes. Advanteges and disadvantages of such methoas are lefk
for the experiesnced chemist to decide. Every enriqhment method

- represents a decisive interference in the aqueous system to be
considered when _eveluating the measu.red values. -

4n exact assessment of the water quality and the necessary
comparability of testing results can there¢fore only be achieved
if ell laboratories concerned apply reliable, attractive and
standardized analyses methods. For this purpose a number of
countries try to elaborate snd recommend standard methodas. ~

The "Ihtermational Standards for Drinking Water™ and the

_"European Standards” were set up due to the efforts of the

World Health Organization (WHO). The "Selected Methods of

Water TPests" have been revised by the,mbe;- couhtries.of the

Coupcil for Mutyal Economic Aid (CMEA) end were published in

the GDR (1). The- analytioal -methods in this book which are

"based on current experience should be declared as bindins for

any water anslysis. o A

In the following, problems ahali be ‘emphasi zed 'lhich oceur in

“the amlytical investigations of hamrul subgtances in the

water. ' S : '

It is advisable to distinsuiah between the analytical recording

of harmful inorganic amd organic subastances in the watar, for the

following reasons: . ’ ] .

1. The nmumber of harmful inorganic substances in the water pau
be surveyed but this does not apply to organic éompounds.

2. Fewer new analytical problems result from the 1norgam.c uate.r
‘apalysis than from the analysis of ham.ful or;anio subatnnces
in the water. Tuis hes been expreased in the attempted. stan-
dardizetion of the so-called "Selected Method for Water Teats"
(1) which refera still mainly to inorganic water compoungs.
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Determination of inbrgénjc water compounds
The colorimetric and photometric processes are of particular
jmportance for the water analysis. They are-preferably applied
in water analysis because they can be carried oyt quickly and.

“are highly sensitive to very amall quantities of substances” = -

dissolved in water. The intensity of a colour whicl is characte-

ristic for a given substance sgerves as a mengure in this deter-

m:l.na.tion.

Colorimetric as well as photometric determination require com~
pletely clear solutions for determinstion. Even the glightest

turbidity would result in stronger colorations. Even fibres of
filter f;e.per would ceuse disturbances. The baasic coldu:c of the
water to-be investigated must be borxie in mind, too.

From the sources of error which-have been pointed out, it becomes
evident that thorough methodicel preparations need to be made be-
fore ‘mode'rn physicel and physico-chemical measuring methods can

be applied. This does not apply to photometric methods alone.

The commonty known electro-metric measuring of the pH velue re-
quirps e.g. knowledge of thie function, maintenénce and care of

the measuring electrode (glasa elec“trode) in order to exclude

very erronecus measuring results. This appliea to the messuring

of dia‘aolved ozygen, too.,

When it became geneml kmowledge that harmful su‘bstances, part:.-
cularly trace metal ions, were enriched via food ehain :
causing pathogenic:symptoms in human beings and animals, world-
wide alarm was raised which in turn wea reason to follow up the
causes. ' ' .

Hence, the expenditure on analytical jnvestigaticns muat be
multiplied in order o ‘gain new findings in this field for the
protection of mankind. . Bearing in mind the complexity of the

tagk this. ob;iective camnot be achieved with the time~consuming ‘ "
conventional methods. Water apalytics can meet these demands only

if it can rely -on modern meaauring ipstruments, high labour produo-.-

tivity and & hish nmitivity of the equj.pment.

-
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_ Today .the atomio absorption spectroscope {u5) pre-enta a

method which meets the demands to a large extent. It operataa
i quickly, almost free of interrerences, and is highly sona‘ft'lva-
Dot tonor{‘or c water co ouns

. ' {

conoerning the ohemical analysis of organic water compounds the
main problem ihvolved is -the large variety of ?:\ga.nic water com=
_ poumls, which can cause ham!ul implications. In addition,- ‘effects
_ocour which are caused by the total ‘mumber of organic. substancea
‘found in the watar. In water: analytical investigations or organlc
‘su’bstances a distinction is t};erefore uade between sum deter— ;
mination methods and determination mothoda ror individual organic
subgtance groups or compounda. . . ) . .
'At present the rollowing g determination mathoda are udely
' applieds
1
1. Determination of uxygen which 18 needad for oxidatio:{ of
.- organie substance in the water ’ -
- a) as blo-chemical oxygen damand {BOD)

b} as chemicael oxygen deqmnd (CoD} ’ . ~

2. Determinmation of the totdl organio carbon (70C).

Eachof these methods provides certain informetiom, yet. they, .
have alsc a pumber of ahortcom:mgs. Nevertheless they continue
to be applied in, . water analy,sia, because 1t is impoaaible
- to meke & complete @malysis of all individual orgsnic water com-
pounds. The expenditure needed would surmount an;v- imegination,
and for the ma;]or part of these substances’ ‘there is no analyaia
' method amilable.
Both the detemination of the bio-chemical oxygen' (demand and i
t&ze determination of th\a chemioal oxygen demand are in- _ .
' direct conventional analytic methods. only iu rare osses organic
\water oompounda are included in/a complete recordins On the
contrary, from the manifold experience of water practice, working

/



instructions have besn develgpd which render it possible to
achieve optimum stetements under certain istipulations, e.g.
reaction time reaction temperature and reagent concentrations.
Any deévietion from the conditions indicated during ‘the anmdlysis .
produces resulis whieh capnot be compared. For this reason great
efforta are being made to improve the convetitional sum deter- o
nination methods in recording the numerous organic wafer -com=
pounds. The pammeters achieved are important approximate

valuea when aharacterizing the water quality, particularly with
respect to the assessment of &' tempordry change of the. organic
load. The thusa'achieved relative values are an important basia

to apmess the raspective water gituation. Individual substance
analysesa or substence group ‘analyses can be Juatiﬁ.ed only in
such cases where there is a. suapic:n.on and indication of certain

- harmful water aubatmces, as this is theé caae e.g. vith industrial
waste waters.

Investigationa of peaticidaa, mineral oil, and polycyctgic aro-
mat;i.c hydrocarbons are examples of a persistently appl:l.ed‘ ans-
lyeia methodology for hermful organic subgtances in I:he water.
Even with the gppliéation of modern analyses methods, like UV,
IR, fluorescent spectroscopy, and mass speotroscopy only a
limited number of individual components can be ascertained in

a mixturé of oxganic substances in water which had not\Been
separated previously. Application of wags gpectrometry is kald
to have the highest resolution capability. One way of achieving
high resolutions is b;_v using modera chromtographic wme'thods.

The applieﬁtion of chromatographic methods, rpe\r*c:i.m.lla.rly gas
chromatography, and liquid . chromstogmphy which is still in
the proceas of development, repult in dncreased expenditnre as
it is case with all other mbdern analyses techniques because
they imply the provision of apparatuses and trained ‘experts.

Although.it hes been possible to mention OIIJJ gome or the most
important problems which requira attention and solution in the
water analysis, and although such problems as routine analysis,
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automation with water control, and operationmal control were not
dealt with, it has been expressed that it is up to the water
amlyat"to make important decisions regarding the selection of

the type and the number of criteris which he wants to be measured

- or deter;ninad in the water. He must ofien reduce his wish to measure
everything to a degree which ensures an optimum etatement ccm-
bined with reagonable economic expenditure,

Referenceas:

Ausgewihlte l[ethoden der Wasseruntarsuchung Vol. I, 1.=3.
" Lieferung, VEB Gustav Pigcher Verlag, Jena. 1976.

enig, D.
lasgerinhaltastoffe. Al:ademie-Verlag Berlin. 1979.

lhrk, HoB. Jjre., J.S. Mattgon.
Water Quality Measurement. Marcel Dekker. Inc. New York and
Basel. 1981,

 Standard Methods for the Examination of Water and Wasiewater.
America Public- Health Associétion.
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Tagld il 3.~2: Teats Used for Ghﬁracterization of Water

Y

Y

Esthetic
Tagte
Cdor
Colour

Physical
Temperature
pH :
Conductivity

Chemical
Alkalinity
Acidity

Pollutional characteris—
) tics

Major Trace ele=
conatituents ments
Calcium Cadmium
Megnesium Chromium
Sodium - Cobalt
Potassium Copper
Chloride Lead
Sul fate Rickel
Nitrate Selenium
Hydrogen~ Vanadiuvm
carbonate Zinc ’
Minor ‘
congtituents

" Iron
Hﬂnggnesa

. Aluminum A
Fluoride S

Suspended matter
Dissoved oxygen; 02

Biochemical oxygen
demand, BOD

Chemicsl. oxygen demand,
cop : 7
Total organic carbon,
T0C

Total organic chlorine,
TOC1 ‘
Fitrogen

Ammonia

Nitrate

" Nitrite BN

Nitrogen (organic)
Phogphorus:
Phosphate (ortho)
Phosphate (poly)

. Phosphorus (organie)

Sul fur

Bulfide

Sulfite
Grease and oils
Detergents

“Phenols

Cyanide




IT.3.6.2. . Biological water quality problems

I% 3.6.2,1.. . Water related diseases transmitted by insects
‘ " or other vactors (Medical aspecta)

. I

_‘lgla!t'ia”
A

o llala.ria ‘is an. aoute :I.nractious diseasecs oaused by parasitas ‘
which are tranamitted by veet¢rs, bélonging to the genus

. Apopheles.

~
|

The inc:l.dence of iliness depends oﬂ the density of vector popu-' '
lation which is mrinly inﬁuenced by the type and number. of
mosq.lito breeding placas 'and resting sites. ,

Situation analysis '

While malaria eradication programmes had freed about 50 per cent -
' of the populationm of the originally melarious areas rro# the risk .
‘of malaria by 1970 ducing the last 10 years the situation has
deteriorated in, aeveral regiona, especially in southern Asis end
Latin America. o _‘ . ‘ e
; , | -

"lm‘aria‘ is again endangering nof only the health of the popula-
tiqu but also the overall soci‘o-fconomic developmdnt.

. ’ ey } . ‘ < ,

The clinical piciure and transmission route are characterized by
en incutation interval., It lasts on the average between 10 and

40 days depending on the parasite type. After this time the para-
sites are capable to occupy the erythrocytes and multiply withip
them. This leads to fever=fits. The interval of the fever, perlods
depends algo on the parasites type. In the further course of the -
~ dllnesk different 'sexual forms of paraa:.tes develop which can
multiply only within the insect vectgr efter changing the host.

Malarie is one’ of the most frequent trop;cal diseases. Only humen
beings are reservoirs for the parasites. Temperature, humidity,

1
1
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rainfall and the number of water surfaces favourable to the
breeding of the vectors are the main enyirommental factors
affecting the disease im—:idem:e. The relationship between rein=~
fall and mosquito breeding is of fundamental impértance.
Control .measurasa
- . N
Te malarie situation in an prea may vary comstantly, Evaluation
must be & permanent feature of any malaria control programme so
+that 1+ can.be revised quickly to meei the chaniing ‘copditions.
The defence _égainst malaris includes vector combrol programmes,
antimalaria treatment snd additional measures applied. by the
ommunity,

- prevention of man-vector contact by careful selection of
buildihg gites &nd house screening, '

- destruction of a.dultJ mosquitos by space apraying or res:n.dus.l
spraying of insecticides, \

~ deatruction of mosquito larvae by larvz.cides, .

- reduction of mosguite breeding sites using water management
techuiques such as filling-up ponds, draining pools, planting |
trees, and intermittent drying and sluicing mathods,

- and mags drug administration.

~, - ‘ t

Antimalazials are essgntial,for treatment ‘of the disemse and &

prophylactic me"a_su_.re for travellers and other populations at

rigk. Recently the prdblem of resistance has become grave and

mey influence the efficlen’c control of the disease by drug

treatment. o

In Asia the chlordquine registance of Plasmodium falciparum hes

‘increased. The same is true to South Amerlca. and some parts of

the Africen cont:.nent.

'l

Schistoaomiasi B "
Schistosomiasis ie d chronic ‘disease with local and visceral
manifestations caused by many species and _strains of .the fluke='

| \ .
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worn Schistosoma. The epidemiology of the disease depands on
the biology, ecology and distribution ofythe paragites, their
. 8nail intermediate host ard’ mammelian reservoir hoatas.
: ' : -

Situation analysig

The global prevalence has been estimated to be 200 million
cages, Worldwide demand :for water has resulted in thé apxead

of schigtosomiasis to new areas and thd overall a.n.fection rate
appears to have increased..

The WHO stated in éeneral terms that ﬁrojects tor.mte_r-reéour- :
ces development have intensified transmission in many endemic
areas during the past decade.

The olinigal picture and tm&nﬂséﬁ.on route N

The clinieal picture resulte from the life cycle of the parasité.
Schistosomiagis attecks when people working or playing in water
expose their bare bodies to water harbouring the microacopic
larvae of the disease-cercariae. The larvae burrow through the

. gkin end pass ihto the blood stream where they grow into adult
parasites, The adult parasites live in blood vessels of the
internal organs.: Eggs work thelr way out of the blood vessels.
and into the tissue of walls of the intestine or of the bladder,
and finally they are excreted via urihe and stcol. Some eggd are
accidently carried in blood vesgels to the liver or lungs where
they can cauge severe damage. In the absence of satisfactory
arrangements for disposal of human wastes eggs may enter water
bodies, develop to the larval stage (Miracidium) whicn pentrates
into an intermediate snail host for their further.levelopment to
the stege of cercaria. Fever and. awelling of liver and spleen are
the clinical symptoms. Later it comes to chronic diseases either
of the wrinary tract (Hamturie). of the gastrointestinal system
- (colitis), of the respiratory tract. or of the 1iver.

"
\



Control measures

Left untreated the disease permanently damages the vital organs
and can cause death. In ita early stages it is often insidiocus,
sapping.the vitality of the vietim without showing serious overt
gymptoms. s :

Use of chemotherapy

Chemotherspy reduces the cutput of living egges from the patients'

‘body and thus diminishes transmission. By killing the worms in
the treated individual it ensbles the patient to recover :trom

" reversible lesions.

- In case or some druga, the dosage required may producé gide~effectn
in some patients and may even be occagionally lethal. Therefore.
the doeage may &till have to be reduced below the optimum.clind~
gal level. Niridazole and hycanthene have 80 - 90 per cent ‘
puccess bt .they were believed to be potential carcinagens. Oxame=
niquine-tolerance is good.

s:_mil control

Spail conirol by molluscicides is & rapid and effective means of
reducing transmission. : o

Control by environmental modification

' Permanent changes can be made that havé & lower meintenance cost

_theh other methods of coutrol. Socio-economic Qevelopment may

markedly affect’ tranmission. c
IS .

Provision of domestic water supply supported by heelth education,

reduced haman eonta.ut with water results in z'educed schistosomiaa )

transmisaion. . ' :
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Heelth edupation : ' T
Human attitudes towards water need to be modified. EI.fortg
should be directed towards the groupa that are at greatest rigks
and mogt involved in tranamiseion ~ usually young children.

Pi : e85 in ae ecte ‘natio control (¢) mmea

t L o

Brazil . r -

"The Spezial Programmn providea for etfool survey, malaoo).ogical
collection and phemotherapy. .,
EEIP..

l‘he overall’ prevalence was estimated at 22 per cent of the popu-
lation. At present there are three appli,catione of mclluacioidea

per year to all branches of main canals and to ell drainage
ayatems in the Ares. - K

“Vene _ﬂala

After 35 years or control programe the general prevalence has

* fallen from 14 per cent at the beginning to 1 _a,per cent at the

1977 evaluation. !

chocerciasis (river blinfness
. 3 t . ~ )

Onchocerciasis 18 an infestation with Onchocerca volvulus, &
filariasl worm. Each female lives 15 = 16 years in the human body

" and pﬂoduces about one million larvag microfilarise snnuelly. A

iree living period is followed by ‘confinement in fibrous nodules
under the ekin of the scalp, ribs etc. The disease is transmitted
‘by swall blood eucking blackflies belonging to the genus of Sima-
lium (remale flies), whose enime.ture stages ~ egg to pupa = live

©in runfung water (highly oxygenatecb). Because of the brfeedins

habits of its imsect vector onchocerciasis ia distributed in

‘ river valleys and called river blindness. i o

.
' !



Situation Ahalxsi o : P Co

The. diaeage is astim'éed to affect more than 20 milllion people,
it is widespread throughout tropical Africa and in Guatemala,
Mexico and Veneguela. Recently it had been found in Colombia.
and Yemen. Blindness réte varies but in hyperendemic areas
more than 10 per cént of the entire population and more than
20 per cent of the adults may. be blind.,

Clinical mnireatation .

' child,ren are genemlly free. Adoleacentsf dre infected. The

_most crippling effects of the disease appeer in e.dults. 4 heavy
infection is acquired only Prter a long period of exposu.re to
bites by infected flies and :-always has serious effects on the
eyes. The adult worms form more or lesa voltminousmodules in
the subcutaneous tissue. The microfilariae (life dpan 2 yeara)
are found in the epidermis where they cauae itohing and may give
rise to characteristic patches on the skin. A1l parts of the eyes,
alone or in combimetion, may suffer damge resulting in blind.neas.
Microfilariae are found in ihe urins.:;y tract and other ihternal
ergans. Onchocerciasis is not a fatal disease.

!
c -

* Transmission emlé

The blackflies become infected when they piefde the skin of a
peraon affected by onchocerciasis and suck in microfilariae. °
Atter passing through three larval staeges they finally become
free larvae capable of inrectingahnman host. The time required
for thig development cycle under bropic conditions is about 1
week. At the end of this period the fly may transmit the infed-
tion to any person it stings. 4An individuasl must. receive & con~ .
siderable number. of infeetive stinga before one or geveral couples
of adult WoIms c¢an develop. In the human organism the transfor-
mation of infective larvae into gdult worms is fairly rapid and
the microrilariae produced by the adult worms may be found in the
epidermis less than a year after a person'a arrival in an area .
where the diaease ia endpmie.- ®
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- Control of cﬁrrie; flies

. » ‘ ’

Use of insectifides to kill the larvame in the rivers and weter
courses. To have a lasting effect, these operations shouldcover
either the whole of ome igoleted focus of the disease or a terri=-

‘tory wide enough to ensure that female flies with their enormous

flight renge (from 20 up t0 100 lm in their first days of life) -
will not rapid.ly repopulate the treated areas.

lLarvae conirol campaigns must take long encugh to emsure that

 the parasites d.:.sappea.r completely from,their ht:una.n hoats with- .

out any treatment. Thia should be~supported by the use of drugs
to eliminate the parasites from the remaining infected persons
for a certain number of years after the interruption of the

tranamission of the disease. For ecological aspecta of the vac=

tora Bee ‘als0 chapter Ide4.1t. 4

I_I.3.6.2.2._ Water-borne diseages

Natural waver in rivers and streams, in wells end lakes contains ~

" @ digtinctive flora and fauna, and characteristic dissolved and’

]

undissolved inorganic and organic matter. Some componants of the
mieroflors are potential paﬁaogen- and therefore hazardous to

the health of the community. . ¥

The access of fecal contaminants fo water may edd a variety of

© inteatinal pat‘hogens from faeces of man, from other warm-blooded

animals and cold«blooded dnimals (fresh water fish) &t any time.
Sometinas pathogenic organisms will be preaent in water degraded _
by a variety of pollutional discharges from warm~blooded animals.
The most common pathogens :anlude streins of Salmonella, Shigells,
Leptospira, enteropathogenic Eschenichia coli, Pesteurells, Vibrio,
Myobacterium, human enteric virus, oysts of Entamoeba histolytica

and hookworn larvat.

The faeces of man and the.sewage wastea he creataa are. a mjor -
aource of the pathogeiis in weter, Monitoring sewage ror pathogens
is an excellent tool for determining what diseases may be preva-
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lent in the community at the moment. Humen pathogens: are also

ifound to frequent the intestinml tract of the othgr warm—-blooded

animals. Among the cold=blooded animals freshwater fish may
barbour human pathogens after exposure to contaminated water or
food sources and carry these organiams to clean atream recrea-
tional =reas.

Salmonellosis

In humans, salmonellosis moat 'common].y occurs as an acute gastro-
enteritis with dierrhee and abdominal oramps. Fevar; nauses, and
vomiting are frequentlv found sympioms. The incidemce of human
salmonellosis is :tair1§ low, Salmonellae are easiest to isolate
from water and to relate to the pollution. The totsél number of
Salmonella seroiypesa kuown to be patl;ogemc to man exceeds several
hundred and their frequency of isolatioh from man varies from
year to year apnd from country o country. The survival of Salmo-
nellée is favoured by nutrient-rich wastes and low stream tempe-
ratures. ’ _ ' - :

Shigellosis (dysen eria

The symptoms of shigellosis vary from a mild transitory diarrhea
to severe prostating attacks accompanied by high temperatures,
vowiting and profuse bleody stools. The disease .ls endemic in
some areas, The incidence is highest in children under 10 years
of age. Sumner and early autumn are peak perioeds. ‘

There are at least 32 Shigella gerotypes of which S. sonnei and
the subgroups of ‘S, flexneri account for over 90 per cent of all
isolates from the human population. There hag been a‘aignifieant‘
mmber of epldemics which resulted from poor drinking ‘water quall-

" ty. R

« &

‘The survival is relatively shox;t (30 min - 4 days) and is reduced
by aseration, high temperature, & h:l.gh total bacterial population, )

acid pH—range, and sunlight exposure of the water,
b

!

{



" Leptospirosis .
The disease is characterised by fever, shivers, pains in the
calfa, headaches, eczema at- body and thigh. The dibedse goes _‘
through several phases w:lth symptoma of the cenirel nervoua. \
" gystenm -and of the kidney and Jliver, The course of yha d;seasg
is more serious when a jaundice occurres.

I . - |
Leptoapirosis is caused by bacteriee, which generally gain a‘cc'ess
to the blood stream through skin abmsiona or mious membranea to
preoduce acute infections.

The anmuel, incidence raieé is less than 1 per cent. Outbreeks
occur almost exclugively during the recreational sesason. Lepto=
‘spirosis is transmissible to man from various domestic anime.la,
~ animal pesis and wild animla. . .
. ( ‘ ' ,
Leptoapira enters recreational .gireams a:nd lakes through direct
urination of infected animeds or from drainage of adjecent live-
stogk pasture land. 'h.‘ana&nissiun takes placde by bathing or wading
in and during’cccupational activities associated with poliuted
water. Lep'tosp;i.'ra is frequeatly found in slow-moving sireamp,
. capels, creeks and small lakes. Leptosp:l.ra ware found 4o’ survive
longest in water with a pH-range between 'r.o to 7.2, low sream
temperature, low salinity and a low density and - composition of
the micro~biological population. |
" Enteropathogenic Estherichia coli (E. coli)
_ - — -

Various éerotypes' frequently cause & gastroent;fitis characterized
by a proruse watery diarrhea with little mucug and no blood, nau-

~sea, prostra.t:.on, and dehydration with-a general'abscence of fever.
. The serious diarrhea among children under 5 years, particulquy

of newborn children, is frequbntly a. result of the etiolog:.c agent,
enteropathogenic E. {ali. )
‘Most urine.ry infections of adults are caused by pathogenicl E. coli.

i v

'



Water<borne enteropathogenic E. coll ocutbyeaks have been caused.
by conta.minated d;-ink:l.:ns water. They are also presant in streams
and lakes polluted. with wam-blooded animal faces.

Survival of E. coli is influenced by some environmental factors

including water pH, water temperature, sunlight éxposure, ‘bacterial

" adsorption with sedimentation and predation.

‘
i
‘

Tularemis ! ;
ihe twlaremia pathogen usually gains access to the blood stream ° -
~ through skin abradions or mmcus megbranes. It produces chills
and' fever, aiollé'n lymph nodes and & gt'aner{a'l..p':rp.va't:r_fa'l:eI condition. .
; i .
The infeotious agent has been named Pagteurella iularénse. It 15
not considered to he transmitted directly froém man to man. The’
digease is spread via drinking water cmtagninated by the urine,
faeces and dead bodies of numerous species of rodents and wild‘ A
rabbitss Outbreaks have occurred by drinking water from contemi-
n.ated -apringa, creeka, wella, and streams.

i

Y

_Suz'v'ival of P. tularensis :Ln wa.ter ia protected by low temperature

and eddition of mutrients, It can last 20.to €0 days.
i [ . N i
N ' Y
Cholera (Subtypes: E} Por_biotype and Insba and Og) o
s - , - . .

The becterial path'ogen Vibrio cholerae can produce a serious,
acute intestinal disease that is characterized by sudden diarrhea
with profuse, watery stools, vomiting, suppression ‘of urine, rapid
dehydratation, fall of blood pressui'e, subnormel j:emparaturé, and
complete collapse. Death pey occur within few hours unless prompt
medical treaftment is given to the pat:.ent.

The spread. of cholera mey be through polluted driuk:.ng water. It
reflects a/ lack of safe water, supplies and insdequate sanitation.
Survivel - of vibf:.os* relates sharply to various chemical, b:.olog:.cal
and physical characteristics of & given water body. |

T



90

]

. iawan virusges

- Increasing attention is paid to the contemination of water
and goil by viruseas. Viruses pathogenic to man are isclated
from rivers, lakea and-treated waters. C

] - i .
More than 100 different iypes are known to be excreted in faecea.
More than 1,000,000 infectious pa.'rticles may be excreted per
gram of faeces by infected persons, whether a disease breaks out

. or not.

Viruses may survive for several months in the aquatic environment
and may resist conventional water and wastewater treatment proce-
dures including chlorination. * ‘

Polioviruses and Coxsackievirus B .

" Polioviruses can cause se;ious nervous system disease, depanding
on the virulence of the virus and age of the hogt. At preasent in
countries where live pollovims vaceine is widely used, the ex-
‘oreted pol:l,oviruses are usually veccine derived. In developing

. countries in which wild polioviruses are prevalent infections
are typically acquired very early is life when the risk of serious.
diesease is lowest. Most older children and mothers are thus immune.
In these areas waterborne spread undoubtedly occura and may be a
gignificant factor in the process of natural' 1nimniaation. As
sapitation has :hnproved in some of these araaa, paralytic pol:f.o-
myelitis has increased, presumable because infections ate delayed
to older age. :

e
-~

- S
Coxsackieviruses B can cause pleurodynia and pericarditis (chiefe
" 1y in older persons), serious and fatael myocarditis in infante end
congenital defects (chiefly cerdiac) in infants born by, motﬁara

‘expanencmg’inrecticn during presnanoy.



Hepatifis 4 virus

The agent of type A is now cla_a!aified'.s.nd cglled Enterovirus 72,
The virus is excreted- in faeces over a relatively extended period
end is often spread via water. The large outbreak in Delhi
1955/56 was caused by gross sewage contamination of the water
supply. The agent qithﬂténdﬂ levels of residual chlorine which
kill most of the other emteric pathogens. - : '

Gaotroenteritis viruses of the Norwalk type

- Theae viruses have recently be recoggized and have been identi-
fied as _the cause of large cutbreaks of gastroemteritis via the
water route.

Reoviruses and rotaviruses A

Rotaviruaea have been found to be the major pathogen of nonbac¢=
terial infantile diarrhoee throughout the world. Infection with
these viruses may aleso account to aome exiend for mla.bsorption'
and malnutrkion in infa.nts egpecially in developing countries.

Incidence rates vary but in general rotavirus infection accounts
for 20.= 40 per cent of diarrhoea caseg in children up to -five
years of age who seek treatment in hospitals in fropical‘countries
(40 - 60 per cent in temperate countries). Mortality rates in o
developing countries are not known. Rotavirus infection gpreads

By feacal-oral transmission. The true role of water thereby has -
gtill to be studied.\

“Adenoviruses

Adenoviruses are abunﬂantly shed in faeces. Well documented 1nstances
of water-hborne spread have been the epldemlcs of pharyngo-conp
junotival fover associated with swimming pools.

~

For & wide range of viruses of humen origin doses of ingested
viruses as low as a single infectous unit are capable of inducing
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infection in man. Therefore the presence of even a amwall  oumber
.of enteric viruses in & large volume of drinking water should be
prevente'd. Enteric viruses may be spread from one person to an-
‘other via faecally contemineted water ani via contaminated food.

Wastewater: Large numbers ‘of ‘viruses of human origin are nor=

mally found in wastewsters. Virus comentration is eatimated to

about 10 infectious units per 1 ml raw wastmtar. ‘
Drinking water: ‘ Sources of drinking water can be heavily cohw
‘teminated. The mean concentration may rea.ch 1 infectious unit per -
11,

. g ter:- Many comminities discharge their wastes into estu-
aries, bays, harbcurq and other coastal waters. They adsorb to
solids and accumulate in sedimenta. Thesé viruses ‘mey still pose
& public health problem when“using the estuarine weter for re-
crea.tzcnal activities. '

Soil and crops- There is an increasing worldwide interest in
the re-uge of wpstewater for irrigation. Health hazards where
application by wastewater sprinkler-irrigation is practised. might
be the rasﬁlt of virus dissemination by aerosols.

TR .
Groundweter: - Soil compoaltion and structu:re affoct virua move=
nment. The higher the clay content of the soil the greater is the
expected removal. Pissured limestone aquifers under shallow soil
aliow virus to iravel over great distances and can present serious‘
groundwater contamination.

Yirus monitoring

During an outbreak caused by enteric viruses, aa.mpliﬁg should be
aimed at determining whether the water supply is contributing to

" the spread of diseaae. Samplea of raw water, fully treated water
and tap water should be exAmined. The monitozing of wastewater
may provide an early inddcation of viral infecticnc 1n‘,the commi=
' nity. L ! ) o
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Routine wonitering of drinking weter would be jJustified when -
‘large urban centres use heavily polluted rivers that carry a
eignificant flow of Sewage as source of raw water, . i

Reeémanda’giégg

Drinking water should be free from human enteric
viruses.
2. In the light of greater registance of m&w enteric viruses
" to disinfection, emphasis should be given to effdctive. dis-
1n.fection ef drink:l.m water. \
,3s - Further regearch is neceasary into the health risks asso=
‘clated with: viruses in the aquatic environment. !

IT. 3. 6.2, 3- ?&ms;tio Protoroa

Amebiasis
Ameliia.sis is & disease of the large intestine that may vary frem
mild ebdominal discomfort jnvolving diarrhea altermating with
constipation or a chromic dysentery with mucua and blood. The
infectious agent is the pa.rasitic' protozoan Entamoeba 'his‘bolytica. '
The majoxr aource of ‘l:l‘anamiss:.on is fecal contamination of drinking
water supplies. : T
E. histolytice is usually found at low denaity levels in sewage
but cysts of E, h. may persist at least 150 days in good quality
watar. A , , ‘ i

. . f . \

f .
{ \

Giardiasis ' = )

J
Gigrdiapis is characterizeq by & variety of intestinal symptm,

~ most frequently in a protracted intermittent d.’ganrhea. ﬁ:e ca’u-

sative organism, the intestinal flagellated protozoan, Gie.rdia
lamblia is worldwide in distribution.
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Amoebic meningoencephalitisg

AN

_Amoebic meningoencephalitis is a fatal diseage of the central
"nervous system ceaused by a pathogenic strain of the Ampbs

Naegleri Gruberi. The onset of symptoms begins about 4 to 7

days after water contact. Death ensues 4 to 5 days later.

The disease is associated with swimming and diving in the
warm waters of small lakes and polluted eatuary.

e

S

- Naegleri speciés are among the numerous free living amebas com- ‘

mon in soil, sewage and surface water. This pathogen is more
suited to paragitic existence in nsture, the aquatic host is
not yet known. -

4
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II.3.6.2.4. Internetionel standards for drinking water

International stapdards were first published by WHO in 1958 as .
an aid to the improvement of water quality and treatment. 'the
third edition was issued in 1973. The standards have been adopted
in whole or in part by & mumber of countries sp a bgsis. for the
formulation of national sitendards. Since new metivds are cons=-
tantly being introduced and developed it is expected that stan-
dards will be revised from time to time. . ‘

The fourth edition is finished by WHO and announced for distribu-
tion to 1963. Thererore this chapter is to be supplemented at the
time of gaining accesa to this publicatlon,'
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. II.3.6.2.5. Health adpects of chemigal water pollution

' inciud treatment ents and procemges for

dri. water : ) - ' '

“ ) , i _

L e a @ ‘ ' -
Lead can be regarded ag non-essential element in health terms.
‘Lead ias dangerous to héalth especially for the  foetus, the young
infant and iz;divg.duals with certain medical conditiona_ guch as
increased water intake or renal dialysis.

Under some circumstances the concemtration of lead in drinking
‘water may become extremely high a.nd aevere cl:mical lead po:l.aening
can oceur. Lead way disturb haem aynthesis, mey result in mild
anaemia with a small reduction in blood haemoglobin. The effecta
qf lead on the nervous sysiem vary with the duration and intensity
of exposure., Lead éncephalopsathy has the following mej or features:
dullness, restlessness, irritability, headaches, muscular tremor,
ballucination and loss of melory and ability to concentrate.

Young children with elevated lead exposure may experience subtle
neurclogical damage with mental disgorders in their development.

Distribution of lead levels in water occur when aggressive waters
get in contact with lead or when a high percentage of lead pipes’
ig nsed. Lead 8tearate may almo be extracted from plaaticized PVC
pipes.

Nitrates, Nitrites and Nitrosamines

Hiirates are normal constituents of drinking water, being derived
for the most part from drainage from cultivated and fertilizer-
treated lend end from sewsge effluent. During the last years

. there is a tendency towards an overall increase. Nitrate levels
of water supplies in rural areas tended to ahow & greater varia-
bility than in urban areas. :

Nitrites are hot usually present in drinking water, but where
‘bacterial contamination was present reduction of nitrate could
ocCur.
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. Prefomed nit:;osanines are ra.rely found in drinking Iater in
sign:l.ﬁca.nt amounts. -
Aoute effecte of increased nitrate concentrations miy be seen in-
infants, hence babies and pregnant women form the vulnersble '

' groups. Eme greatest clinical hazard is methacmoglobinaomia, es-
peciallly in ‘bottle~fed babies u.nder a:Lx months of age.

Arsenic ’ i . .

7

A;:aen:!.c in water is usually found in the form of s.rsenate or
arsenite, The natural concentrati?n of arsenic in drinking wa=
ter varies in different areas,. Drin,king water can be severely
contaminated {hrough industrial &perations, especially by
waatewater from factories producing arsenic sulfide and leaching
of araenic from coal preparations wagtes dnd ..'.ly ash Irom coal(-
fired power plants. ) ‘
Acute -effecfé caused by the ingestion' of inorganic argenic ¢omw
pounds are profund gastrointestinal damage feaulting in mevere
r vomitins and diarrhoes,. mosc‘ula.r cra.mps, faciel oedema. ‘and
ca.rthac abnormalities. Subacute and long-term exposure ‘effects
meinly involve the respiratory, g_aatrointentinal, cardiovascular,
nervous and haemstopoietic systems. Exposure to arsenic has been. -
" associated with the induction of cancer.

Ar:’a_enic is mainly transported in the en_w.rirom'nent by water. In
oxygemated water, arsenic usually ocours as arsemate tut under -
 reducing conditions, for insiance in deep well waters arsenite
predoininates. Drinking water ordinarily contains & few micrograms .
of arsenic per litre, mainly{ in the form of inorganic compounds.

' Mercm‘ 4

The major sou.rce ig the natura.l degassing of th.e earti's crust.
Anthropogenic sources are probably less than natural sources..
Several humen activities account for substantial releases into
the environmént. They include the burning of fossil fuel, the
productlon of steel, cement, and phoaph.ate and /the smelting of
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metals I:jom'their sulfideé o:Ee.' Mercury once released in wated P

undergpes metabolic changes. The methylation of inorganic mercury
in the sediments of lakes, rivers,and other watervays and in the
oceans 18 a key step in the trasusport:.of mercury in aquatic food
chains. Accumulation of, mefhylme;-cury in‘aquatic food chains 4
repreaents a potentia.l hazard 1;0 man by consumption of certain
species of oceanic fi:h and of ‘rish or shellfish from contaminated
waters.

1

. - |
‘The. sym;itoms of poisoning by methylmercury are paraeathesia, con-
striction of the visual fields, impairment of hearing and ataxia.

~ The effects a.re usually 1rreversib1e. Thé foetus is more sensitive ta. ‘

a_ne'lghylmergury thlan th§ adult.

N 1
The intake of mercury from drinking water by the general popula-ef
tiva is probably very low in comparison with intake from diet.
Wellwater and drinking water from reserv01rs have very “Low m er-
cury levels. However Arinking water in certain areas expoae& o
mireralized mercury depqsits ¢r from rivers in heavily industri-
&lized arsas may have high values and mercury ig not removed during
the drinking water-treatment.

Referencie.s . - 0 ' .-
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II.3.6.2.6. ﬂh:'eat;nent agents and processes for drinking water
Water treaiment is defined aa including everything deme to the

waier from the time it enters a reservoir, canal or pipe until

it flows from the customer's tap.

Diain:rection ia one of the treatment. processes to make: watar potable
and safe for human consumption. 4 number of the halogenated sub=
gtances found in drinking water have been ldentified as being

formed by chlorination. Chloroform is formed by a special reac=
- tion of chloripe with resorcinol and humic substancea. If bro=
mides and jodides are present any type of trihalo-methane may

be formed.

J
1

-

Humic. substances have been identified 48 a major precursor of
chlorinated compounds in drimking water.

Chlorine dioxide produces nonvolatile halogenated éempounas. but
no ¢hloroform. - ' _ ’

Ozone is a sirong oxidant and diginfectant. The chanfieal reag~
tiona of ozone are complex and depend upon pH. Ozone is capable-
of splitting water moleculer to produce hydroxyl free radicals
and thus of forming hydroperoxide, -perquao:[ds and epoxides.
Chlorine dioxide is an unstable gas which muet be generated at
‘the time of use. It can produce epoxides and other Bxidation
products. ‘ ' ' ‘

Substances intentionally added by treatment involve modium ions,
‘end chlorides for water softening amd aluminium, iron and silie
cate ione as coasulants in order %o remove turbidity and organic
‘matter from polluted water.

Health effects -
Ch.Lorotom would bde regarded as an indicator or other possibly

dangerous matter which may have been Iormnd by ehlorination.
+ Chloroform is considered to be a earcigogen but it is notl muta~-



genic, whereas S~chloro-uracil algo tormed by chlorination is
a genetic mimic of thymine and mutagenic in bactaria.
l [

Ozone produces epoxidus anpd percxyacids, which assume impertance
as toxical substances.
Chlorine dioxide, theé chlorite dion (:102 hag been questioned asg
& potential cause of mothaenoglobimemia. -
4 high intake of sodim may have adverse effects on a.rtificially
fed babies and induce hypernatraemia, nephropathy and encephalo=-

pathy and it interferes with the management of paiients sur.ferins ‘
from congestive aardiac tailure or. h.ypertension.

~



I1.3.6.3. Water treatment

A water treatnon‘t plaht As generally required when opening new .
water resources, edpecisll if a central drinking water dupply

gystem is to be set up. In water treatment, effid¢ient processes, .

" which minimize the cost, with high operational safety must be
applied in order to make different raw waters (river water, im-
pounded reservoir water, ground-wajer, infiltration water) with
different loads (different in number ‘and harmful aeffects of.
water substances) suitable for human consumption and indusirisl
use according to the quality standards. Many differeni processeé
a.nd iplants are available for solving these problams. Th.orough

) preliminary investigations in laboratories and on a semi-tech-
nical and la.rge-scale tech.nical bagis are required before taking
the difficult decialon wh:l.ch treaiment system tu epply. In’ th:;.a

‘ raspect the , J[-aw water quality playa an important role. It las:
a:rfectad by: :

- the development in the region concerned, .

- new products, raw materials end processes which

_ result in a new sewage composition,

- the construction o6f prisary clarif ation plants

-+ which reduce the number of substances with high
biodegradability in gurface waters but do not affect
salts and gubstances with low biodegradability;\

- the ever grq'ing percentage of sewage in waters; even
if the mewage is treated, the natural cycle is short-
circuited and the sel!-purification processes cannot
gain full effect, . i

- the growing use of chemical p.rodunts in agriculture

, and rorestq which end up in the weters by the action

of wind and rainwash,

- more efficient amlytical methods which: resulted in

" . the discovery of an ever growing mmbér of orgenic

&nd inoreanic micro-conta.minations and their harme
ful effects, ‘

+ the knowledge that even mter trestment can cause

, mioro=contaminations, e.g. if chlorine ig used for
ox:l.dation and disinrection and halogep compounds are

' fomed.

~

f
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The cbmpreheﬁnive proﬁlems arising in water treatment can only
be aolved by interdisciplimry cooperation between specialiats
of water treatment engineering, constracilon angineering hydro-
chelx’zigtry, hydxobiolrogy, hygiene' and lqdrology .

N

The 'following water substances are of imporiance to the wate:r
treatment process:

substance . significant substances

gamges in molution ‘oxygen, carbon dioxid, chlorine, ozone

sigpended gubatances coarse and colloid-disperse suspensiops

disgeolved sub- ingrganic substances o ¢ _suba 208

stances ’ anions: NO3, NH, anionic, non-ionic,
cations' Ca, Mg, Fe, surfae¢tants, poly-
‘lln cyclic, aromatic

hydrocarbonﬁ lignb-
.sulphonic acid,
- humic acid

Water treatment includes physical, }:he;nieal end bioclogical pro-
cemges. 'In the water treatment technique, these processes are
purposefully combined with regard to the given raw water or
pure water quality. . : {

s

Stages of drinking water treatﬁent

stages L process. 3 . Plant
; ‘ . L
coarse water gas exchange " fubular checker caacades
purification . : preasure ventilation g
‘ : screening ‘ screens, iravelling screens,
| ‘ micro~screens ‘
" flocculation/ classical settling planta

precipitation’ sludge contact plauts

1



ig2

i

.Iine purification filtration open high-rate filters,

pressure filters

very fine Ipu.::':i.i’:l.r.m-« adsorption ; high=-rate filters

zig’;izﬁd disin- oxidation reaction vessels
biological low-rate filter,
process bioxilterl
special procegs: compreheniive - low-rate f{ltzra,si
_ Dbiological and sand and plant baegins
::gggrs? of ground- phvgical treat- .

ment -

in addition, each water treatment plant requires gludge treat-
ment and chemical dressing facilities. When making water suilte
abtle for industrial purposes (process water, cooling or boiler
feeding water) the processes mentioned are applied either in-
dividually or in tbeir tombination with and without additiomal
processes such as goftening, desalting, ocil separation and
hardnesss. stebilization.

The plantas are set up on the basis of experiments or dimension
standards, '

; - -

Re;erences'

/1/ Eittner, H.; Starke, W.; Wissel,D.: Wasserveraorung \'
(Water supply), 4th edition. VEB Verlag flir Bauwesen.
Berlin 1977. '

/2/ Bammer, M.: Water and iaat,e—iat‘er Technology. John Wiley ©

. & Sons, Inc., Hew York 1975. i

/3/ Lewis, M. W,: Developments in water treatment, vél. 1
. and 2. Applied Sciemce Publisher LTD, 1980.
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' s
IT.3.6.44 Sewage ireatment .

A central water supply requires gewerage and sewage plants. Se=~

wage treatment is concerned with cleaning sewage conducted away

from residences and industrial establishments in such a way as

" "to exclude any toxic effects on human beings and animals espe-
¢islly with regard to hyglenic requirements. Purthermore, it is
imp'ortant to extract valuable substances from thé gewage (e;g.
fermentation gas, humus and metals, in case of industrial waste)
and to recyéle the water, if there is a water shortage in the

" ares concerned, ' '

The amount of waste water arising varies very much according te
the water supply available. In general, it amounts to gome 200
litres per iphabitant daily in Central Europe. By increasing the
amount of water available &nd improving the living standard, this
figure rises continuocusly. The waste water composition varies

very much, too. IMHOFF (1) gives the following average figures 7

} for domeetic sewage:

per inhabitant mineral organiec sub-~ {total of JB()D5
: subsfances atances in-g iohabit.

settleable sus= ‘ ‘ !

pended substances: 10 30 40 0
‘non~gettleable ‘ ‘ )

suspendad substan= v 5 ¢ 10 15 10
ces ‘ . :

Usmolved mb- 75 50 RE

total 90 80 - 180 60

Industrial sewage contains many Qiﬂereht‘ substances, the number
of which is continuously rising due to industrial growih. Sewage
treatment basically aip.a to prb’cect the waters from pollution.
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' The puri.fica.tion method to be applied dependa on the ‘quality of

"1 the water of the receiving body of watu'. Therefore an investi-
gation of>the selfpurification capacity is required. Salf-puri-
fication is the capacity of waters to dispose themaelves of

'\ orgénics by means of the microorganisms containéd in the water. -

¢ It is important, espaéi_.alli in densely populated areas,. not to

~ disturb the gelf<purification capgi;ity ‘by diecharging 'il;oo mny_

_ysewage substaxnces in a water, This includes both orgapic se=-
wage substances and toxic metal ions and compou.nds. The condi-
‘tions of a water may be controlled by means of biolbgiral long-.
1fudinal quality sections or séwage losd schemes (1). A8 & Te-
gult, the sewage plant end the degree of purification required

. can be detérmined. Municipal senge u.ndergoes dai fferent stages
of puririca.tion' ' ‘

stage 1: sewage c‘ia.rifica"l:ion, -prima.ry treatment
stege 2, biclogical sewage ireatment
.atage 3: eliminatioh of phosphate and ﬁitrogen COMpOUn} 8

-

Purthermore, there are numerous processes for indubtriel ‘sewage
treatment (e.g. degreasing, detorificatiom, ngutralization). With
regard to the procesgaess used the nmnieipal sewage plants are
grouped into the actusl -sewage treatment end the sludge trea.tment '
including Iemntation gas isolation a.nd processing.
The pedimentation besins rbrm the heart of tha primary treatment.
If the sewage remains for about 90 minutes in these basins, the
settleﬁblé-’substances are reduced by seme 90 per cent, Other
sewage substances are not sufficiently removed, therefore the
' process is, in gemeral, followed by biological sewage trestment.
As compared to self—puritication in watera theae purification .
processes are induced by microorgant sms and bacteria and take place
in man-mde facilities within & short period of time. The IBOD5
reduction amounts to about 90 to 95 per cent and is effected in
biofiltration a.nﬂ activa.ted sludge plants. When activated sludge
plante are, used oxygen: in form of air is artificially introduced -
into the ectivated pludge tanks in order 'to activate the micro=-
organisms. ¥any diﬁerent methods, are used. The 3rd stege of
puritica.t:.op is especially used in'areas where, downstream
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waters (in particular lakeés and impounding reservoirs) are used
for drinking water supply. The organic sludge from the primary
_ tredtment and the activated sludge tanke 15:putrefied in digestion
tanks. During this procéss the aludge decreases considerably in
volume and fermentation gas 18 formed. After the sludge has been
putrefied, it is used in agriculiure. '
The ﬁresent knowledge enables us to clean nearly sny sewage type -
by techinclogical processes, although this may entail considerable
expenditure.. Expenditure grows exponentially with the degree .
of purification needed. - : o

'_Raferences

(1) K. and K. Imhoff: Taschenbuch der Stsdtentwisserung. (Hand-.
book of sewerage), R. Oldembourg Verlag Miinchenm, Wien,
1979 25th edition. ‘

H ’ . i ! '
(2) J. Gruhler: Kleine Kikiranlagen (Small sewage plants), VEB:
Jerlag fiir Bauwesen Berlin 1981. 3rd edition.
. ; :
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IL.3.6.5. hséam_mnt and monitoring of water resources
‘ and demands '

4

Fundamentals of systematizing water resources and water
demands '
demands

~
The assessment and monitoring of water resources and demands:
includes all those - scientific, technical, economic and ad-

" mipistrativ - activities .the purpose of which is to explore amnd .
evaluate the quantitative and quelitative characteristics of
‘water resources and demands. On the basis of & comparison bet-
ween them, we have to anslyze the conditions of equilibrium

* between water supply and demnh and to decide omn the .necessary

monitoring in each cage.

Water resources and demends and the malntenance or equilibrzums
of water balances can only be correctly asgeaged if socioeconomic
‘evaluations are included in the interpretation of demands and -
supplies and in balance studies. As the central issue of the
rational natural reasource mémgement, methodological conditiona
must be created for assessing all of the essentiasl natural and
economic factors and their*interrelations.

The currently changing economic importance of water and natural
enviz;onment results from the sociel, economic and technelogical
PIOgress e.g. from '

= the general increase of the intensity of water use
- chanses in the types and levelas of water demnd '

,= extended connections between economic and natural processes
- and, .a8 to the latter ’

the occurrence of adverse tendencies

the need for dontinuous monitoring including proteétib‘n of
-water resources in. regions with high intensity of water’ ‘and
N land use (1, 3.

r.
K

PR
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Weter is present in almost all components of both, the natural
and the'economic-technological processes whose development is

controlled or influenced by it im close irterrelation - éxten~
ding both in time and space = with other factora. Any control

of water in any of the sub-systems - either hydrology or water
use' - will have an impact on the other side as well.

For proper interpretation and consideration of the menifold
appearance and role played by water in the framework of water ‘
resources assesgment the following tasks have to be solved:

. ’ ;

1. A system of agsgessing and evaluating the countries hydro-
geographic endowments, water resources and waterreleted
services has to be developed with view to the interest of
the whole society and the national econany.

\

2. 4 system of impact assessment has to be compiled in which’
the humap sctivities modifying the hydrogeographic endowment
and hydrological processes are sumerized and differentiated
at the same time accordlng to the aapects of balancing demands
and supplies.

3. Scenaric-oriented water rescurces assessments that enablea.
the decisionmaker to evaluate the benficial impact or his

decisions. .

Socio-economic ev&luatiog of tgé gxdrogeosraghical endowments
and water-related ;gglicatlons of interest

Pig. II.3.-12 describes groups of socio-economic interest and
evaluation possibllitles relating to the utility and hazardous-
neas of hydrogeographic endowments and to water mhnagement. In
- addition types of climatic impacts are given.

I

\ : . .
It is important to study the connection between waler management
ahd national economy and the intersectorial relations of water
management., It includes the necessity to assess and evaluate all

-

»
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buwpen sctivities affecting the emvironment and hydrological pro~
cesses of the region or country, independently of the administre-
N t;Lve or economic sector which wiil perform, control and plm the
activity. <

Fig. II.3.=13 shows _-the impacts of water apd land use activities
- upon water balance, water quaiity, aquatic environment, economy
and ‘sociéty. This grouping underlines that the most important
‘human economic activities modifying the endmenta and the hydro=-
- logical proceases do not figure, in gensral, among water use ac-
tivities but rather among land use activities.

The most considerable changes which have taken place. in the recent
+- . past in the field of water quality, water balance and aguatic ‘
.enviromment were mainly caused by i

- pollution sources associsted with some types of land use
(waste disposal, burying of toxic substances, application of
fertiligers, disposal of liquid menure from stock breeding

T « farmy; ete.) S

- activities of mineral mining (soft coal, bauxite; qtc.) ' e

- ohanges in the technology of goil cultivetion (farming on
large fields, pedological consequences of mechanized culti- !
vetion, incresse of tillage depth.etc.) (1, 2, 3).

-
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* and society. Budspest.- )

. (3) Oxléei, I., Szesztay, K., 1981: Recent trends in the aeaesa-‘
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