The sludy of the sources ol disposal is imporiant, because the amouni of trealment required 10 be given

1o sewage depends very much upen tho source of disposal, its quality and capacity to tolerate the impurities
presentin the sewage ellluents, withoul itselfl getting polentially polluled or becoming less uselul,

3.1

There are (wo ways of disposing of the sewage ellluents

{a) Dilulioni.e. disposal in waler

{b} Eflluent lerigation of Broad Irrigalion or Sewage Farming i.e- disposal on land.
Disposal by dilution is more common of these two methods.,

Disposal by Dflution

Disposal by Dilutionis the process where by the realed sewage or lhe elfluent from he ses(vage treatment

plant is discharged into a rivar slream, or a large body of water such as a lake or sea. The discharged sewage,
in due course of lime, is purilied by “sell purilication process of nalural waters®™,

3.1

Condition Favouring Disposal by Dilution

The sewage can favaurably he adopted under the following condilians:

(i) When sewage is comparatively lresh (4 to 5 hour old)

(i When the diluting water has a high dissolved oxygen (D.Q) content,

{iii) Where diluling waters are not used (or the purpose of navigation.

{iv) Where the flow currenis ol the diluting walers are favourable, causing no deposition, nuisance or
deslruction of aqualic life.

{¥) When the oulfall sewer ol the city-or (he ireatment plant is silualed near soime natural walers having
large volumes,

312 Standards of Dilution for Discharge of Wastewaters into Rivers

The ratio of the quantily of the diluling veater ta that of the sewage is known as the dilution factor and

depending upon this factor, ‘the Royal Commission Repart on Sewage Disposal' has laid down the lollowing
standards and degrees of Irealment required (o be given lo a parlicular sewage.



Tahle: 3.1 Standards of Dilution Based on Royaf Commission Reporl

Dilution factor Standards of purification roquired

Above 500 No trealmant is required. Raw sewagd can be direcly discharged Inta tha
volume of dilution waler.

Between 300 (0 500 | Primary realment such as plaln sedimantation shoutd be given lo sewage, anq
the efllyents should not conlaln suspended sollds mofe than 150 ppm.

Trealmenls such as sedimenlalion, screening and essentially chemical

i .
Befucen 150 360 precipltation are required. The sawage eHiuent showld not contain suspended
solids more than 60 ppm.
than 150 Complate thorough treatmant should ba given to sewage. Tho sewage sliluent
Less than

should nol contain suspondéd solids reore than 30 ppm, and ils 5 days B.O.D.at
18.3*C should nol exceed 20 ppm. : :

The Bureau of indian Standard {BIS) has laid down its guiding standards of sewage elfluents, vide IS
4764+ 1973 and lor industrial effluents vide 15 2490 - 1974 as shown in table

i i ts —[
. 3.2 BIS {I51) Slandords for Discharga of Sowago and Industrial Efluen
Tosle ! in’Surface Waler Sourcos and Public Sewers
j Telerance Limit for
Toleranco Umlt for Indusirial offlugnts
Sowago Effluont discharged into
S. N Charactaristle discharged Into
e of tha Effluant Surfaca Water Sources, | Inland surfaco PuMI;:o;:ms
or 1S4764-1673 walors, as por r
P 15 2490-1474 | 153306 - 1974
) ® G @ o]
4 BOOD 20 mgft 30 mgf 500 molf
. ’ - 250 mglt —
. gl-?smue — 55109.0 5590
" : i
4 Total Suspended 30 mgl? 100 mg/f 600 mg
Solids (T5S) . e
2' :mj;?::m - 10 mgtt 100 mglt
' 2 mglf -
7. Sulphides (35 S) — 2 mgl’, -
8. Fluorides (as F) — mel -
9, Total rosidual chlorine —

3.2 Dilution in Rivers and Self Purification of Natural Streams

Wien sewage is discharged into a natural body of waler, the receiving waler gels polluted dueto wastc'

products, presentin sewage efliuents. Bul lhe condilions do not iemain so forever, because ihe nalural lorcesr o
) 1 H i " ” H [l

purihication, such as dilution, sedimeniation, oxidation reduction in sun light, elc., geon acing upon the pollution

elements and Ering back, the waler into its original condition, This automatic purification of poliuted waler, in due
course, is called he self purification phenomena. ,
The various natural forces of purification which help in effecting sell-purificalion process are as helow:
1. Physicallorces are
(i) Dilution and dispersion (i} Sedimentation
2. Chemical forces aided by biological forces are
(i) Oxidation (Bio} (i) Reduclion

(i) Sunfight

3,21 Dilution and Dispersion

* This rasultin diminishing the concentration of organic matter, and thus redeces Ihe polential nuisance

of sewage.

When sewage of concentration C, flow at arate Qginlo a river siream with concentration Cyilowing

at arate Q, the concentration C of the resuling mixture is given by,
CeQs+CpOp = 0+ QY

Csos + CHOR

* : C= =5, +0x

¢ This formula is also applicable for concentration like BOD, 00, temperature elc.

-Examplé KR8 1 2 cortain siluation, waste waler discharged Into a river mixes with the river
walter instantaneously and complelely. Following is the data avaliable:
Wasle water DO = 2,00 mgfL
Discharge rats = 1.10 mfs
River water DO = 8.3 mg/L
Flaw rate = 8.70 m/s
Temperature = 20°C
Initial amount of DO in the mixlure of waste water and river shall be
(a) 5.3mg/L (b} 6.5 mg/L (c) 7.6 mgiL
Ans. {c}

() 8.4 mgiL.

! oo, - D0y +G00, _ {1.10x2.00)+{8.70x83)
e o Qur Gy - 1.10+8.70

=7.6mgilL

The rea‘ted domestic sewsge of & lown is 1o be the discharged in a natural
stream, Calculate the parcenléglg purification reguired in the treaiment plant with the ollowing data.

{i) Population = 50,000

{iijy BOD contribution per capila = 0.07 kg/day

(iil}  BOD of stream on U/S side = 3 mp/

(iv) Permissible maximum BOD of siream on downstream sida = 5 mglf

(v} ' Dry wealher flow of sewage = 140 liires per capita'per day

{(vi) Minlmum flow of siream = 0.13 m¥s




Solution: Population = 50000
80D, percapila = 0.07 ko/day
Total 80D per day = 0.07 x 50000 = 3500 kg/day
*
14D x 50000
i = 1 = 2
Sewage discharge 85400 fsec = 0.081m%s
BOD of the mix = 5 mg//
BOD of tharivar = 3 mg/! 0
LetBOD of realed sewage be Cg 1
we know that '
. CsxQs+CaxQy
BOD mix = Q¢ + 04
5. Cox0081+3x0.13
" 0.081+0.13
Cs=8.21mgh
=00 106
BOD of untreated sewage = 3500>1C" mgid _ o mgt
50000 x 140 #d
Percenlage ireaiment required = M = 9B8.358%

S00

Exarﬁplés.s B A wasie water eHluent of 560 Ifs wilh a BOD = 50 mg/t, DO = 3.0 mg/t and
temporaiure of 23°C anters a river where the flow Is 28 m7/sac, and BOD = 4.0 mg/. DO = 8.2 mp/t, and
temperature of 17°C. k, of the waste is 0.10 per day at 20°C. The veloclty of water in the river downsiream
Is 0.18 mfs and depth of 1.2 m. Dstermine ths lollowing afier mixing of wasle water with the river water,
{i} Combined discharge () BOD
{ily DOand {iv} Temperaturs

Solution: , ,
Particulars of Sewage thrown

- Q, = 560 /s = 0.56 m¥sec
Concentrations {C9

BOD = 50 mg/l
DG = 3.0mgft b .
Temperalure = 23°C

Paniculars of River
Q= 28m¥sec
Concentrations {Cp)
BOD = 4.0 mo/! i
DO = 8.2 mg/
TJemperalure = 170 b
k, at 20° = 0.1 per day

322

323

324

325

3.3
3.3.1

33.2

(i Combined discharge = Qg+ 0y, = (.56 + 28 = 28.56 m™sec
Now, using equalion or concentration of mix as
o= G5 Qs+Cy On g::g‘; O e have
(i) BOD of mix = 2% Z‘zi:;f x28 21:35 =49 mgh |
00 et RELUITENIE: S 5
fiv) Temp. of i - E’if)’%_;;"ﬂ =17.12°C

N : — -

Sedimentation .

* The sellleable solids, il present insewage elfluents, will seitle down into the bed of the river, near the
oulfafl of sewage, thus helping in the self puriticalion process.

» Pimarily the settled organic solid at bollom will be stabilized by anaerobic bacteria, '

~Sunlight

*  Due to sunlight in the process of pholosynlhesis, oxygen is released. This oxygen helps in lhe
oxidalion of organic mailer, thereby forming a stable praduct which is not a polential hazard.

Oxidation

+ The oxidation of the organic matter will slarl due 1o dissolved oxygen in river water.
¢ The deliciency of oxygen created will be filledi up by atmospheric oxygen.

«  This s the most imporiant action respensible for aflecting self purification of rivers.

Reduction
* Reduction occurs due 1o hydrolysis of organic matler sellled at the bottorn eilher chemically or
biologically,

»  Anaerobic bacteria helps in splilling the complex organic mallers of sewagg inlo simple compounds
and gases.

» These simple compounds can coma in conlact with oxygen during thorough mixing of river waler,

 hence they will be slabilized eveniualiy.

Various Factors on which Natural Forces of Purification Depends

Temperature
*  The temperature aflects the rate of biological and chemical activilies, which are enhanced at ngher
 lemperalure and depressed al lawer lemperature.

* Increese in lemperature leads 1o decrease in D.0, and increase in rale of reaclion, This is ||kely )

lead to anaerobic condilion.

Turbulence

»  Turbulence will lead (o increase in the oxygen mixed in water

*  Wind and undercurrenls in [akes and oceans causes lurbulence which affectihelr sell purification.



NOTE: Too much of turbulance is not desirable. because il scours ifi'e botlom sediment, increase te lurbidity,
and relards aigae growlh, whichis useful inreagralion process,
333 Hydrography
= ltallects the velocity and surface axpanse of (he river strgam.
= Higher velocily and larger surface area leads lo grealer lurbuiance and greater dilution of sewage
added. This helps in sell purilicalion.
334  Amount and type of organic matter
» Some compounds can be easily oxidised and some will lake lime lhereby purification will be slow or
last depending on the type ol organic malier.
* Algaewhich absorbs carbon dioxide and gives out oxygen isthus, very helplul in the sall-putification
process,
335  Rate of reaeration .
+ Moreis therate of reaeration fasler will be the selt purification.

3.4 Zone of Pollution in River Stream

The polluted stream undergoing sell purification can be divided into the following four zones.
(1) Zone of degradation (i) Zone of active decomposliion’
(i} Zone of recovery (iv) Zane ol cleanerwater
(i} Zone of degradation

. This zonais found for a certain lenglh just below the point whare sewage is discharged into

tiver siream,
*  This zoneis characlerised by water becoming dark and lurbid.
. D.Q. is reduced to about 40% of the saluralion value.
» Inthis zone algae dies oul bul the fish survives,
(i) Zone of aclive decompaosition ’
*  This zone is marked by heavy pol[utioh,
»  Waler becames greyish and darker. D.Q, concenlralion falls down to zero,

*»  Inlhis zone, bacteria ftora will fiourish, Anaerobic condition sets in and hus gases like CH,,
H,5, CO, wili be evolved and ugly scum forms on the surface.

* - Atlhe end of this zone D.0. conceniralion will reach upto o 405 of the saturaticn D.O.
. Protozoa and fungi will first disappear and then reappear. Fish lite will be absent.
{iif) Zone ol recovery
. i Ihis zone, the river stream Iries 1o recover from ils degraded cond‘uiun (o s former
appearance.
4 B.0.D. falls down and D.O. contenl rises above 40% of the satsralion value.
. Organic maller sall produce nilrale. sulphate, phosphale, carbonale elc.

3.5

{iv} Zane of Cleaner Waler
*  Inihis Zone, the river aliains its original conditions with B.0,
*  Waler becomes altraclive in eppearance and usual aqualic Jile prevails,

*  Some palhogenic organisms may stil survive and remain present, which confirms the fact
1hal "Wnen once a river waler has been poliuled, it will not be safe 1o drink it, unless il is

properly trealed”,
Tablo: 3.3 Showing zone of pallution along a river siraam
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Indices of Self Pur%ﬁcation

* The slage of seli-purilication process can be delermined by the physical, chomical and biological
analysis of waler,

+  Golour and (urbldily are Ihe physical indices.

» 0.0 andB.0.D. and suspended sofids are the chemical indices,

* Dilferent lypes of micro and macro organisms exist in polluted water are biclogical indices.



3.6 Oxygen Deficitofa Po"ute;if River Stream

Dissolved Oxygen is one of the most imporlant constiluenis of natural waler system. Dissolved
oxygen required for tolerant lish and aguatic animal are 4 mg/l.

When biodegradable oraganics are distharged into a stream conlaining dissolved oxygen, micro
organisms begin the metabolic processes thal convert iho organics, along with Lhe dissolved oxygan,
into new cells and oxidized the wasle producls.

The rate al which tha dissolved oxygen is used depends on the quantlly of the organics, the ease
with which they are biodegraded, and the dilution capacity of the stibam.

The dissoived oxygen thal is used fiom (he slream must be rap’laced or anaerabic conditions wilt
develop. k. . ‘

Two mechanisms are known o com}ibule oxygento surlace walers

(i} Dissolution of oxygen from tha airiasphere. ollen called reaeration and

{iiy Production of oxygen by algal_fpholosymhesis.

3.6.1 Reaeration

ks )
When the concentralion of dissolved oxygen drop balow the equifibrium value, the net movement of
oxygen will be from the atmosphere into the water,

The dilference between the equilibrium concentration and tha actual concentration is called oxygan
deficit and is represented by

I where, D = D.0. deficit
D=C5-C G, = equilibdum concenlralion
C = actual oxygen concaniralion

The unit of alt the terms are milligrams per litre of oxygen,
For constant equilibrium condition i.e. C; does not change, the rale of change in the deficitis

The deficil thus increases at the same rate that ihe oxygen is used up.

The dissolved oxygen deficitis the driving force for reaeration. The greater Ihe deficit, the greater lhe
rale of reaeration Irom above equation the rale ol reaeration increases as lhe concentration of dissolved
oxygen decreases.

NOYE

Oxygan contribution of algae photosynthesis Ias been neglecled'because algas will produce
oxygen during day light but may consume oxygen in nighl, Al night, algae catabolizes stered
food for energy and use oxygen in the process. Thus, there is diurnal variation In the oxygen
dua (o algae. Onaccount of this, reaeralion is considered as mast depandatle source of 0.0.

f

3.62 RateofOxygenRemoved

ity = BOD of stream added with sewage te. diluled BOD. The rale at which dissolved oxygen disappears
from the siream coincides with the rate of BOD exerlion.

therelore,
dy _ -dC
@
but, ) D=Cs-C
dD  -dC
= @ " [Cs = constant]
= dy @D ’ )
da
This indicates thal an increase in rale of BOD exedion resull in an increase in the rale of change of
oxygen delicil, L . o
Now, y= Lo - L,

where, Ly = ullimate BOD of mix i
L, = oxygen equivalent of organic maller prasent al any time f

& _ o, )
dt - or ]
at,
but, =k
k, = Deoxygenation constani at base ‘e’
: T dy dp
= B . ——— T S ——
: CTw T Rhe gt
= . ) : 7; = Raleof de-oxygenation

|
363 The Oxygen SagCurve

* The oxygen deficitin a stream is a funclion of both oxygen utilization and reaeralion,
= The rate of changg in the delizil is the sum of ha two reactian.

= vl (d = Fity = ko i)

=>  Netrale of oxygen deficil = rale of reaeration + rate of deoxygenalion

Remember: Delicit is maximum , when rate of reaeration = rale of deoxygenation b

Integrating equation {iii) gives D.O. delicit at any time (ie. D,
From D. D.O can be caleulated in river stream al any time *f.

[E=c-D
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From equation (iit),

dD
D kD
ot

Kol = o™

v a0 5ot
I D e
et

k,!_oe“" -k

[a(De"} = [hiee"* ot
- De™ = k;l:—-n e

Thie constant of integration €° can ba determined from kiown boundary condlllon
a =0, =D,

kibp . . L kllﬁ‘
Tharefore, D, = ﬁ-uc and - C'= Dy ———ka—k‘

The final solution becomes

kv{.o (¥2-41k &y Ly
bol = e AL 5
De Ka - K, 0 Tk, ~ Ky

b (é”**]_ kit Dy

+_—
af, D= kz ~ k'k e@ [;{2 _ k.)e" ou
LIL I P e |4 Dy
o, ID' Ky - K [ ] o

Kby [oby b ) ‘ e
. ] '

where k, and &, are on hase 10. This equation is called Streeter-Phelps equation
1
Ky = kg by = Ky

NOTE SaturalionD.Qat -

—

- O0C=146mg/l 20°C=9.2mgll 30° = 7.6 mgh
#, al TC = k,al 20° (1.047)™2 Kol TC = K at20°(1.016)™®
Critical time at which D.O is minimum is given by
_ 1 kilo ~{ka ~ K}y | &, |
or, fe = i -k, 10gis H YR ';"
This is oblained’hon; gg— =0
D= crilical oxygen délicil i.e. maximum oxygen deficit
b, = L"‘ 107He -
‘ PRI

L Dy

== =H1-(f-1=
o 5 (=17
vhere f= %1 = sell purificalion constam

' . 1

V)

(0]

Whan a sewage is dlspossed off in & river, the rate of deplstion of dissolved

oxygen ol the river malnly depsnds on
(a) blochemical oxygen demand of the sewags
(b) chemical oxygen demand of Ihs sewage
(c) total organic carbon present in the sowags
(d) dissolved oxygen present in ihe sewage

Ans. (a}
Rale of dcplelron of dissolved oxygen, coincides wilh the rale of BOD exertion,
oy _dC
o T T ar
where Cis the concentration of D.O.
=k
' . dc dL —tr
o g T ML

¥,is BOD al any tirme ¢
L is ultimale BOD
L is oxygen equivalent of Fhe organics ai time 1

. éfanip!g EXR 1n dissolved oxygen sag curve, tha sag curve resulls because
(a) Hls & function of rate of addition of oxygen to the stream

(b) itis a function of rale of addltion of oxygan Irom the siream

{c) i is a funclion of both addition and depletion of oxygen from the sueam
(d) the rale of addilion of oxygen is linear bul the rale of depletion is non-linear




Ans.(c)
The rate of change of deficil (
dty <l ’

i dl ) "W ey . N
ky.k, are reaction rale constanis tor oxygen removal ond addilion respeclively.
L,isBOD atlime ! y
Dis oxygen deficit ﬁ

= ot i -
A largs stream has a raoxygenation constant of 0.4 per day. At a velocity of
0.85 mys: and at the point al which an organic poliutant Is discharge;f. it is sawrated with oxygen at

10mg/L (D, = 0). Below the ouifall, the ultimate demand for oxygen Is found ta bae 20 mg/L
deoxygenalion constant Is 0.2 per day. What is the D.0. 48.3 ken downstream?

Solution: :
Given, Ko= D.ﬁ_%'day, Ko = 0.2/day
Velocily of river, V= 085mis -
Saturation, DO = 10mght
time required for certain amount of D@ A8 3 km downslream s gwen by
' - Distance downstream
"~ Velocity of flow in Targe siream
48300 _ o _ 5682353 oo
= Toss 8386C = Zoeaon - 0 ¥

The B,Q. deficit after time [

0= K::”;(D {10"‘0‘ -10"‘#]+(D° x 107} _

02x20 1, .-20:06577 -0.4x0 6577 -0 4x0.6577

= |1 -10 +{0x10

0= 562" I )
= 20x0,1927 + 0 = 3.85 mgit

DO at 48.3 km down siream = 10~ 3.65 = 6.15 mglf

and the

Examp!e F% 28 The BOD rate constant () Jor a river’s BOD assnmilamn was determined to e
2{day (base ). Tha BOD of the river afier leaving & heavlly populated town was determined 1o be .
50 mgft. Determina tha distanca after which the rivers BOD would become 4 mg/ when the average

valoclly of river was 1 m/s. What would have bsen ihls "K' valua il ths

A B
distance would have been 300 km and slate what K manilesls, — —
Solution: , 1 miseg —
= Y= Yall - 104} _’r 1
o ¥y = YQ“ - N)
Given: ¥, = SOmgl
y, = 4 mgil, k = 2/day {base g)
= 4= 50{1-&?
= e” = 092
In0.92 = -2t
- . 092 _ 04169 day or 3602.08 5

S0 Ienglh of river = V= 1x360208 % 107=3,6 km . V= 1m/s given)

Now, -, { = 300km
Soif will lake L lime lo reach 300 km
10"
f= _UQQL_ S or 3.47 day

1

Now, because k value is BOD rale constant which depends on the type ol waste water and lemperature.
So (i.e., municipal, induslrial etc.) due ta change in time, it vill not change,

4

Euample 8 K A cily discharges 100 cumecs of sawage inlo a rivar, which s {ully salurated

with oxygan and ﬂowmg at the rate of 1500 cumecs during its lean days wilh a velacity of 0.1 mfsec.
The 5-days BOD of sewage al the given lamperelure Is 280 mg#, Find when and whera the crilizal D.O.
deficil will occur in ths downstream porlion of the rivar, and whst is its amount, Assume coeflicient of
purilicalion of the stream {f) as 4.0, and coallicient of deoxygenatlon (Kp) as 0.1.

Solulion:

The initial D.0. ¢f river = Saluration 0.0. at the glven temp = 9.2 mg/f {say)
" D.0.olmixatt=0ie., atslarl

9,2 x 1500+ 0% 100 _ ]
TS T 8.62 mgft (assuming that 0.0. of sewzage 1s nil}

Initial D.0. delicil of the siream, O, = 9.2 - B.62 = 0.58 mgf!
Also, §-day BOD of the mixlure of sewage and siream is given by

0= Cs0s+Ci0y _ 280%100+0x 1500
Qs +Qp 100 + 1500

o 5 day BOD of mix ar the gwen temp = Y, = 17.5mglf

= 17.5 mgf!

Yss,L( (10)"9")and;\5 0.1{at 20°C)

. The ultimate BOD of the mix (i, L) = /-

Mow, using.equation, we have

{D—L;]‘ . r[1-{{._1)%]

o D, = 412mgH
Now, from equalion, we have

sl

2555 al1-3x0358
D x4| 2558

. 1 3x0.58Y) 1
o [ = —ree—lOgpt A %] 1~ = ——x0.571 = 1.905 days
» B A T g"’! [ 25.58 )] 0. <0371 = 1905 day
MNaw, dislance = Velocily of nver x Traval lime

= 0.1 misce x (1.905 x 24 x 60 » 60 sec) = G460 m = 16.46 km




3.7 Disposal of Waste Waters in Lakes and Management of Lake Watell' '
» Disposal of waslewaters in conlined lakes or reservairs, is much more harmlul than its disposal in
{louring streams and river. ‘
» Phosphorous presentin industrial and domaslic wasle, soriously alfects he water qualily of lakes
and is considared as a prime lake pollutant, .
+  Oxygen demanding wasles may be the ather imporiant ake pollutant

3.8 = Stratification of Lakes

« The waler of a lake gels Siratified during summers and vanler. - ‘ _

»  During summér season, (he surface waler of alake gels healed up by sunlight and warm ar. This
vratm water being kighler, remains in upper layer near the susface, unlil mixed downward by !urbulenca
from winds, waves, boals and other forces. Singe such lurbulence extends only 10 a limited depl.h
Irom belovs the waler surface, lhe lop layers of waterin the lake become we!l mixed and aerobic, This
warm, wall mixed and agrobic deplh of water is called 'epilimnion zone'.

+  Tnelower depth, which remains coolér, poorly mixad and anaerobic is called the 'hy polirnjniori zong',

«  Therc may also exist an intermediale zone of a dividing line called ‘thermocline or metafimnion.

+  Invinter seasons, the epilimnion coofs, uniil itis more dense than the hypolimnion, The surface vialer
then sinks causing ‘overturning’. : .

«  Thewaler of ihe hypolimnion rises 1o lhe surface then where il cools and again sinks. The lake, thus
becomes completely mixed, making it quite aerobic. .

« The lakes in regions ol tempesature climale will, Iherefore, have al leasl one, il'noi two, cycles of
stratilicalion and lurn over every year. :

NOTE: Maxifﬁum kiliing of aguatic plant and animal vll occur during mixing as lhey are not accustomed 1o
such temperature changes.
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Fig.3.2 Suatificationof fakes

3.9 Biological Zones in Lakes -
Lakes have been found to exhibil distinet zone of biclogical actily, largely determined by the availability
of light and oxygen the mostimporant biological zones are:

(i Livaral zone (i) Benihic zone

(i} Eupholic zone
{(iy Eupholic zone . ‘
. The upper layer of 1ake vater through which sunlight can penetrale. is called the cuphatic
zone.

¢  Allplani growth occurs in this zone.
*  The depth of the eupholic zone is reduced by the turbidily which block sunlight penetration,
= The depthof the euphotic zane can be measured by & device called the Secchi disk.

NOTE: The botlom of eupholic zans only rarely coincldes with the thermoclina.

(i) Lilloral Zone

= The shallow waler near the shore, in which rooled plants grow, is called the tittoral zone.

+  The exient of the litforal zone depends on the slope of the iake bottem and the depth of the
euphotic zone.

. The littoral zone cannoi extend deeper than the euphotic zorne,
,
{lli} Benthic zone
+  The bollom sedimenls in a lake comprises lhe benthic zone.

= Living organism when die setiles down to the bollomwhich are decomposed by bacteria
presentin benthic zone.
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Fig.3.3 Biologicalzonesinalake

3.10 Pr&du:tivity of Lake

« The produclivily of a lake is defined as a measure ol its ability lo support a food chain.
« Sincehe algae lorms the base of his (ood chain. The higher algal growih feads o docreased waler
quality. .
= Depending upon tha increasing level of ils productivity, the lakes may be classified as
{iy Qligotrophic lake (i} Mesolrophic lake
{iiy Eulrophic Iakc’ (iv) Senescentlake i
Cligotrophic Lake ' .
«  QOligotrophic lakes have a low level of productivily due lo a severely limited supply of nutrienis
1o support algal growth,
*  The water of such a lake is, therefore, clear enough as 1o make its bollom visible upto
considerable dapth. "
« insuch acase, the eupholic zone ofien extends into the hypolimnion, which is aerobic.
. *  Oligotrophic fakes. support cold water game fish,

(i

pr



{i} Mesotrophic Lake
s Thalakes having medium produclivily levels, with medium growih of algae and lurbidity, are
usually classified as mesofrophic lakes.
«  Hypolimnionremains agrobic although substaniial depletion of oxygen occurs.

{ill} Eutrophic Lakes
«  Eutrophiclakes dohave a h»gh level of produclivity, because of an abundani supply of alga!

nutrients. | ’
s Eupholic zone will pamalﬁyextenl into epilimnion,

{iv) Senescent Lake
»  These are very old shaliow lakes, having thick arganic sed(menl deposits aldheir boltoms.

«  Rootedwater planls abundantly grow in suchshaltow ponds which ultimately become marshes.
: h

i

Eutrophlcation of Lakes

* |tis a nalural procass under Whlch lakes gal infested with algae and silt up gradually lo become
shalfower and maore productive ihrough the eniry and cycling of nulrients fike carbon, nitrogen and
phosphorus. H

s Theinitial clear water of oligotrophic lakes, therefore, gradually turns into mesolrophic, sulrophic and
sanescent slages, dua fo continues enlry of silt and mutrients,

= Disimegration of rocks produces phosphorus, Increased phosphorus in lake water accelerale
eutrophication of lake and this is called cultural eulrephication. '

*  Once phosphorusis mixed in take, only solulionis to add fime and to dredge oul the sediment at the
bollom of lake.

= Toavoid eutrcphication. iakes should not be used for disposal of even the Irgated sewage.

3.11 Disposal of Waste Water iﬁ Sea Water

«  Seawaler normaliy comtaing 20% less oxygen than (hal contained in fresh waler of a river siream.

« Morgover sea waler normally contalns a large amount of dissolved matler. As such, the capacily of
sea waler to ahsorb sewage solids is nol as high as thal of Iresh waler of a siream,

« Sewaga solids, when thrown into sea water, chemically react with the dissolved matter of the sea
waler and ferming sludge banks.

NOTE Following paints should be keptin mind while discharging sewage into the sea to aveid marine

pollution y
{i) The sewagse should be discharged in deep seaonly.
{) Tomix the sewage properly with sea water, {he sewage should be released at a mipimum

depth of 3ta 5 meters below lhe waler level.
(i} The point of disposal should be such thal the sewage is laken away from tha shore by the
winds and not brought back near the shore. (L should be more than 15 km away from shore. -

« Thedischarge of wasle waters inlo Ihe sea shauld, however be controlled in respect of the elfiuenis,
by achieving lo the prescribe slandards. The standards prescribe by BIS under IS: 1868-1976 are
shown intable.

Table; 3.4 8IS (I151) Slandards for Waslowoler Eflluents to ba
Discharged into Marine Coasls
Conatltuant pollutant contalned
$:No In tha Wastewator Efffuent Taloranca Limit

(1) : 2 (3)

1 BOD, 100 mg#!
2. “con 250 mgit
3 pH valug 55109.0
4 Total suspandod sohds 100 mgst
5. Oiland grease © 20 mg

6. Fluoridos (a5 £) 15 mol
T Ammaniagal Nitrogen {as &) 50 mott

Dlsposal on Land

In this malhod, the sewage effluent (Ireated or diluled) is disposed of by applying il on land.

The percolating water may either join lhe waler lable, or is collected below by a syslem of under
drains. This malhed can (hen be used for irrigating crops.

This helps in increasing crop yields as the sewage contains a lot of ferlilizing minerals and ather
elements, out the sewage ellluent before being used as irrigation water. must be made sale.

The degree of reatment required wili, depends upan the lype of the soil of Ihe land.

if this sail, lo ba irrigaled is sandy and porous, the sewage efliusnt may conlain more solids and
olher wastes, and lhus requiring lesser treatmenl. as compared lo the case where ihe soil is less
porous and sticky. )

Tablo 35815 (lSl) Slandards of Waslewater Efluents to ba
Discharged on Land for lrigalion
Consttuont pollutant contalnad
8. No In the Wastewater EHluont Tofranco Liomt
n (2 {3)
1. BOD, at 20°C 500 mg/i™
2. | ' pHvalue 55109.0
3 Tolal dissolved solids (TDS) 2100 mgft
4, Oil and grease 30 mg#t
5 Chlorides (as Cf) 600 mg/!
6. Boron 2 mglf
7" | ' Sulphates 1000 mg/f
: Percentage of Sodium with mspeci 1o tolal 60%
contenl of Sodium, Caleium, Magnesium and
Potlasium Radioaclive Malerals
() a-emilters 10 ' pCryf
(il) p-emilters




\ﬁ%?lﬂﬁ‘s‘&a&féz Eximples .

A city diséﬁarges 1500 litres per second of sewage Inlc a stregam whose

Example 3.9~
minimum rate l flow Is 6000 litres per second. The lemperalure of sewage as well as water [s 20°C.
The 5 day B.O.D. st 20°C for sewage Is 200 mg/s and that of river water Is 1 mg/t. The D.0. content of
sewage Is zero, and 1hat ol the stresm is 90% ol the saturalion D.O. If lhe minimum D.O. to ba malntained
in lhe straam is 4.5 mg/, find out he degree of sewege ireaiment required. Assums (he deoxygenation
coslliclent as 0,1, and ra-oxygenation coelticient as 0.3.

T

Sojutlon: The valug of saturation D.O. a120°Cis 9.17 mg/f. (say)

D.Q. conlent of the slréam = 80% ol the saturation D.O. = -%% x8.47 = B 25 mgft
D.O. of mix al the slart point (i.c. al.f = 0) )
. QSW = 6.6 mgh (- D.0. of sewage is zero}

0, = inilial 0.0. deficit
= (Saturation 0.0. al mi% lemp -~ D.O. ol mix] = 8, 17 66
= 2.57 mgl {Assume inslanlaneous mixing)
Minimum D.O. to be maintained in the siream = 4.5, mgf! :
-, Maximum permissible saluration deficit (i.e., ¢rifical D.O. delicil) = D, = 8.17 - 4.5 = 1.67 mgfi
Now. using equations, the first slage 8.0.0 of mixiure of sewage and slream {L) is given by

] - e

Substiluting the values as
D, = 2.57 mgfi and D, = .67 mghf

) Ko 03
K, 01
Lt 7 2.57
we get, [m]} = 3[1—[3—1]'?]

U
o 10 T
Solving by hil and 1rial, we get the value
L 21.1mgfl
Now, using = L[I 10"‘9‘] we have
taximum permissible 5 day B 0.0. ol the mix (al 20°C)
Y, = 213[10-10""] < 1443 mght

Now, using egualion, w¢ have et Co
- d o+ . .
Q= B2 AR where C slands lor concentrations of 8.0.0
Qs +Qp

{where K,a120°C =0, 1)

Subslituting the values, we gel
) Cg 15 + 1% 6000

1500 + 6000
Where Cywill represent the permissidle B.0.D., 5, (3120°C of course) of the discharged wasiewator.
Solving, we gel

1443 =

C; = 68.16mg/f/
.+ Degree of treatment required {per cent)

Ongma! B.O.D. of sewage ~ Permnissible B. OD

‘ Criginal BOD. x100
' _ 200-68.16 _ 131.84 .
P T i

Euampfe 3 10 An gnvironmenlal survey {or a lawn with populfation of 30000 ravealed the
followlng:

Domestic sewagae produced al the rate of 240 lilras per capita per day. Tha par capila BOD ol
the domestic sewage being 72 giday. ‘

Indystrial wasles produced were estimated as 4 mililon ftres per day with BOD of 1500 mgfL.

The sewage slfluents can be discharged into a river wilh a minimum dry wsather flow of
4500 ltres/sec and a saturation dissolved oxygen content of 7 mg/L. It Is necessary (o malntals &
dissolved oxygsn content of 4 mgiL In the siream, For designing a sewage treaiment plant, delermine
the degres ol trealment required 1o be given to the sawage. Assume

ko = Deoxygenation cosfiicient = 0.1

kg = Reoxygenation coslilclent = 0.3

An overali expanslon factor of 10% to be providad,

Solution:
Per capila BOD of the domeslic sewage = 72 gmiday =72 x 10% mg/day
Percapita sewage produced = 240 litYday
BOD pet litre of the domestic sewage = 7—221;%93- = 300'mgiL
Amount of domestic wasle waler produced perday = 30000 x 240 = 7.2 x 10° lilres
. Nel BOD of all waste wiaters {domeslic + industrial) = %}ﬂ = 728.57 mgiL
) 7.2 +4)x10°
Tolal wast isch = (__._.__._ =129.63 i
olal waste water discharge = IS 63 liysec

!

Tolal wasler water éiscrarge with 10% expansion = 129.63 + -11“% x 129.63

142.583 liVsec
Now, Inilial DO of sawraled stream waler = 7 mgfl.
Assuming that the DO of waste water is nil, at ihie slaring point.

Won

DQalriver x Q, + DO of sewage x Q,
O, +Q

DO of the mixture =

where 0, = 4500 lisec; Q, = 142.593 litisec




DO of mixture = -

Initial deficit in DO =

Giventhat =
D= =
B, =
We know that
Lo f-1
[BT] B
3-1
Ly
= (3x3 =
L.
= 81 =
2
= axsl =
= 8=
= 13 - 2431+ 104.43 =
= L =

7x4500 + 0x 142,583
3500+ 142563

D,=7-6785=0215mglL

kp 03
ko =917 3

7~4=3mg .
0215 mafL I

1[1—(/-1)%:} :
3{1 (3-1x 0215]

L
[’ Lg]

L, -0.43
L

243L, - 104.49

= 6785 mgfL

(%)

R
15.37 mg

Maximum permissible 5 day BOD of the mix al mix temparature

where

=3

-

AgainBOD,

1]

1051 =

C. =

&

C =

cﬂ

~. Degree ol reatment required

L1 107%] = 15,37 {1- 100 1%5] = 10.51 mg/L

C,x0Q,+C, Q,
0, +Q,

C, % 142.593 + 0 x 4500
142.543 + 4500

Maximum permissible BOD; of waste water

10.51x(142.593 + 4500)
142.593 v

342.18mgfl

- ( Initial BOD of city waste water - Max_ pernvissible BOD of wasle valer

72857 -342.1%
728.57
=53.03%

Initial BOD of cily wasie waler

Jx100

A frested wasle water is discharged at the rale of 1.5 m¥/sec into a river of
minfmum flow 5 m/sec. The temporature of river flow and waste waler flow may be assumed as 25°C.
The BOD ramoval rate constant K, Is 0.12/d (base 10). The BOD, at 25°C of the waste water Is 200 mg/
1, and that of the river water upsiream of tha wastewater outfall Is 1 mgl. The afficlency of waste waler
treatment s 80%. Evaluata the following.

() BOD; al 25°C, if river water raceives untreated wasts water
(i) - BOD, at 25°C if river waler recaives trealed wasle water
() Ultimate BOD of the river waler alter il receives trealad waste water.
" Sofution: ' ,
Discharge of waste water = Q= 1.5mYs
Discharge of river = Qu=5mYs
Temperature = 7= 25°C
Kef25%) = K, = 0.12/d
Gy = Conc of BOD, for untrealed wasla water = 200 mgf/
_ Cq = Conc of BC)I:)s for river waler = 1 mgf!
Using equalion
{iyConc. of BOD, of the mixture if untrealed wasle water is discharged inlo the river
=C= CwQy +C -Qn _200x15+1x5 - 46.92 mgli
Qy+0p 1.5+5
(i) BOD, of the trealed wastewater is given by
Gy = 20% of lhe BOD, of unireated wastewatar
(- efficiency of wastawater treatment is 80%)
=20% x C,, = 20% x 200 mgff = 40 mg/f
BOD; of mixture il lreated waslewaler is discharged into Ihe river
=500 QutCrOn  40x15+1x5
) Qy +Cq = Ti5+5
iy BOD, of river water after it receives reated wastewalter
= 10 mgf (as computed above)
Ultimate BCD of he mixture = ¥, = L ?

Using equation, we have

=10 myg/?

Viemy = "-[ ‘w]
o Ys" [ 10]'0’“5} }
o " 10 L[

or = 1335mg!l ‘ !

Exal"nplE_ ERFY  Awaslewaler trealment plant

dispose of iis effluents Inlo a stream at a point A, Temperaturo *C | Unlts  Effluent  Stream
Characteristics of the siream at a Iocatlon [airly - 3 X
upslream of A and of the effluent are as below, Flew 000 0
Assuma that the daoxygenatmn conlent X, at Dissolved oxygen el 240 5.00
20°C (base &) = 0.20 d*' and Ihe reaeration constant Tomparaure © % 22 !
BOD, a1 20°C moif 10 3 |

K, at 20°C (base @) = 0.40 d"' for the mixlure.



Equilibrium concentratlan of dissolved oxygen C, far the tresh water is as [ollows:

Jomporature*C| 18 20 22 23 24 25 26
Cmpin 954 617 859 863 852 B3B 822

The velocity of the siream downstream of the polni A ls 0.2 m/s, Determine the critlcal oxygen
delicit and its location. {Use lemperature coelticients of 1.04 for K, and 1.02 lor K]

Solutlon:
K,at20°C(base &) = 0.2 d'=0.2d" = 0.2 per day

23
Similarly, Kpal 20°C = 0.434 x 0.4 d-' =0.174 per day
Tha formulas 1o be used in his quastion for converting Kpand Kqal any olher temperalure {T°C)willbe

Tz
Ko = Koy [104] 7 1and

Kpat20°C {base 10) = L =0.434 K, = 0434 x 0.2 perday = 0.087 pe'r day

7207
Kary = Ko [102] :
{i) We will now determine 20, BODand lemperalure of mixture as below:
DO of sewage x Qs + DO ol river xQy _ 2x0.20+8x 0.50

DO ol mixdure =

05+ Qg T 0.20+050
= 6.29mgll
BOD, of mixture
40%0.20+3x%0.50
i CY = = T = 13.57 mgh
{i.e. 5day BOD al 20°C) 0505050 3 ng
26% 0,20 + 22 x0.50 .
™. L i 2 3_1.{\’C
Temperature of mixiure 0207050 2

(i} Uliimate BOD of mixiure (L)

Ys{ie. 5 day BOD of mixture at 20°C)
1- (1070

" wihere Kis al 20°C = 0.087 per day
13.57 13.57 '
e = = 21,45 mQl

1-{10)°%™° 0,633 "o

{iii) nitial 0.0. Delicit of mixiure,
Saturalion D.0. al mixlure lemperalure of 23.14°C

= 8,79 (interpofaled lrom given values)

0, = D.O. delict = 8.749 - 6.29 = 2.50 mg#!

{iv) Corrected values of Kand Kyare
Kopz wy = Koy 11041 = 0.087[3.011 ™ = 0.098

K Koy [1:02)77% =0.174(1.02]* ¥ =0.185

C R AL

{as per lhe given values})

{v} Tha tima {15} alter which crilical D.O. deficit {D } occurs is given by equalion as

1 2N
o= =y oos| [ 12} ]
wheve, K,=0.185, K,=0.008

X Q.185
o f= bl . e =
% " 50%5 1.888
L=2145mglt, D,=25mgl
! . 1 0.888x 2.5
: = i 1-
<= Goaa(eea -1 0 [( 2145 )waa]
' 1
= ———— % [, =2
0.095(0.508) % 0.278 = 2.625 days
vy | Now:, Dislance = Velocily x Travel Time

= 0.2 mfs x (2.625 x 24 x 60 x 60 s8¢} =45.36 km
{vii) D, is now given by equalion, s

L -1 5
.. A, 0
| (Dc"') '(1'{'“1)1‘)
0 888
o 2145 . 1'B&S(’_O.EBBx:iLS]
D, x1.888 214

21.45
1888 D,

i

o

'

= (1602)5%% = (1692)"'% = 1808

o D e 2145
©~ 1,888x 1,608

Hence, he critical D.0. delicil equal 1o 6,28 mg/ occurs at 15.36 km downsiream of 4, after 2.625
days. .

= 6.28 imgi!

‘ r—;‘l 4. Crilical Oxygen Deficil
:7%‘7- -Important Expressions

kplo o i,
= 2210 ol
O, kn
CeQs +CaQ ! D
1, ¢ = Lsls * Urld - (o) - fdiopp-nte
e Qs +05 ‘ (D,:{ ( )Lg
where, C, =Concentrationof iali
5 = Loncern (8“'0"’0 matefialin ss:w?ag? vhere, f= L3 = Self purificalion canslant
C,, =Concentration bl same materialin river ky

where, kg, = Reoxygenalion coelficient
kp = Deoxygenation coellicient
iy = Ulimate BOD of mix
L, = Oxygen equivalant of organic
matter present at any time °f
= k@ T°C= ky, (1.047) 7

= kgal T°C= kg (1.016) %

0.0, =Dischargefol~sF:.'age and river

Kolo ooy <k e
_ 07 107 |4 D, A
2. D= krkgb 0™+ 0510

3. Critical fime at which DO is minimum is given by

1 kplo - (ka - ko) O | &
- kn-ka'c’g'“[{ Rl }ﬁﬂ




Summary

©

»

s [ncrease intemperature teads lo decraase in D.O. and Increase in rala of reaction. Hence
oxygen will quicmy get depleled and, anaerobnc condtlron may gotin.

Inzong of dagradaﬁon of jakes, algae dies but the fish sumves

Two mechanrsms are known o contnbute mcygen {o surt aca water.

(a} Dasso\ulldn of oxygen frof’ atmosphere is. reaerahon
{b) Producrion of oxygen by a!gae photosynlhesns
‘e Nstratedf oxygen deficit = Rate cl reaeralion + Ha:e J:i d oxygenaﬂon
s Maximum, k:fl’ng of aqualu: plant 3nd anirm ial vill occur dunng mixing as lhey are notto be

accustomed to such em, peratura change.

K

. Tha mcreased phosphale inlake water accetérale eulrophxcalmn of lake and this Is called

cv!xuraleulroph:calton.

s Toavoid eutrophicatlon lakes snou!d nol be used Ior dtsposal even me [realed sewage.

»  Sewage should ba dtsposed as dunng 1o tides onty :

» -Due toclogging and ponding of sell due lo application of waste water, reduction in sml
permeability is referred to as a sewage sickness of soll.

S Objective Brain Teasers .

Q2

Qa3

=¥

The formation for BOD assimilation ina stream

shouldinclude

{a) BODratwe constant

{b} sedimentation of organicmailer

{c) BOD rate constant and sedimentation of
organic matter

(4} pathogenic bacterial decay coefficient

The [ollowing zones are formed in a paliuted
river

1. Zoneolclearwaler

2. Zone of aclive decomposition

3. Zoneofrecovery

4, Zonectpoilution

The correct sequence in which these zones
occur progressively downsireamina poliuted
river is

@ 4.2.1.3
{c) 2.4,3.1

Fram ecological considerations, the minimum
tevel of Dissolved Oxygen {DO) necessary in
the rivers and streams is

{a) 1mglL {b) 2mght

() 4mgl {dy BmgiL

b} 4,2.8.1
0} 2,4,1.3

Q4

Qs

Qs

Which one of the following sets ol processes

|s a part of self-purilication of streams?

{a} Selling, blodsgradalion and desalinalion

{b) Settling, biodegradation and agration

(c) Floatation, ion exchange and desalination

(d) Desalinalion, ion exchange and roverse
osmosis i

When sewage enters a flowing river, therapid

depletion of dissolved ozygenis cue to

{a} change inlemperalurein fiver water

{o) thesuspended particlesinriver angwaste

{c) respiralory aclivily of aquatic planisinthe
fiver

{dy microbial activily

When waslewater is disposed of inlo arunning

siream, four zones are formed. [nwhich onaof

Ine lollowing zones will the minimum level of

dissolved oxygen bo found?

(a) Zone ol degradalion

{b) Zone of active decomposilion

{c} Zone ol recovery

{dy Zone of clear water

Qrz

Qs

c.e

Q.10

‘Q.12

Inwhich type ol lakes, does a perfectecological
equilibrium  among the producers,
decomposers and consumar groups ol
organisms exisl?

(@) Senescentlanes

(&) Mesotrophic lakes

c) Oligotrophic l2kes

{d) Eutrophic lakes

7 In the faculative pand-systems, 1he agrobic

zone may gel extended downwards due Lo

(a) calm waters along with weak sunlight

{b) mixing by wind action along vdth weak
sunlight

{c) mixing by wind aclion atong with
penetralion by sunlight K

(¢) camwatersalongwithpenetralion by sunight

Deep ponds, in which oxygen is absent
excepl, perhaps, across a ralatively thin
surface layer, are called

{a} aerobicponds {b) anaercbic ponds

‘{¢) facullative ponds (d) polishing ponds

The reoxygeneration coefficient K of siream is
0.30 al 20°C. lis K value at 32°C is likely 10

Match Lisl-l (Parameter) vith Lisl-ll [General
standard for discharge into Lhe infand surface
water in mgil (max)] and selecl the correct
answer using the codes given below (he lists:

List-l List-l
A. BOD(5day20°C) 1. 230
B. COD 2. 100
'C. Qiland grease 3.2
D. Suspendedsplids 4, 10
‘ 5 2
. Codss:
A B C D
f@y. 2 1 4 5
bty 5 4 3 2
€) 2 4 3 5
) 5 1 4 2

Amunicipattewage has BOD, of 200 mgfL. I
is proposed lo treal il and d;spose oftinlo.a

Q.13

marine environment, For whal minimum
elficiency should the sewaga treatment plant

he designed?
(a) 85% (b) 60%
{c) 50% (¢) 33.67%

Sevage sickness occurs when

{a) sewage conlains pathogenic organisms

() sewage enters the water supply syslem

(c) sewers ge! clogged due lo accumulation
of solids

{d) voids ol soil clogged dug (o conlinuaus
application of sewage on a piece of land

Directions: The lollowing items consisls of two
statements; one labelled as ‘Assartion (A} and the
other as 'Reason {R)'. You are t0-examing these lwo
slatements carcfully and selecl the answers lo these

Q.14

Q.15

- iterns using the codes given below:

Codes:

(a) bothAandRaretrue and Ris the correcl
explanation ol A

{b) both Aand Rarelrue bul Ris rot acorrect
explanationaf A

(c) Aislue bUulR s false

(d) Ais false bul Ris true

Assertion (A): UK. Roya! Cornmission on
Sewage Disposat of 1898-1915 classilied
British rivers on the basis of 85°F, 5-day BOD.
Reason (R): British.rivers ‘do not have flow’
time 1o open saa more lhan 5 days. :

Assertion (A): The BOD gets removed al a
very fast rate immediately alter sewage 1s
discharged inlo a river.

Reason (R): A parl ol the BOD in the sewage
is dueto sellleable organic matier therein,

Answers °
1. {8) 2.(b) 3 (c) 4 (o 5.(d)
6 () 7.(c) B.(c) ¢ (b)
16. (0.36) 11, (a) 12. {¢) 13. (0}
14. (a) *

15, (b)




Hints and Explanations:

Ans.1

Ans.4

Ans.5

Ans.7

{a} v

In a stream Ibe nalural purilicalion processes

are:

) Dilulion

() Sedimentalion and resuspension

(i) Filtralion

(iv) Gas lransferi.e., agration

{v) Heallranstar

{vi) Chemical convorsions i.e., oxidation,
reduction and precipitation

{viti) Malabclic processes

The 80D (dissolved and suspended) gels

diluted when a pointfline source discharges

waste waler inlo a water body. The suspended

organic matler gels sellled and resuspended

due lo eddies. The microorganism consume

BOD by metabolic processes and it dspends

upon BOD rate.

(b)

Sell purification of sireams include physical,

chemical and biolegical process,

A. Physical processes ; Dilulion; sedimeniation
and resuspension; lillration: gas transfer;
and heat fransfer.

8. Chemical Processes : Chemical
conversion {oxidation and reduction)

C Biclogical process : Melabolic processes
inmicro-organisms.

(d)

The biodegradable matter present in sewage

is consumed by microorgarnisms Ihrough

aerobic respiration. This decreases ihe
dissolved oxygen in river.

(c)

A perlecl ecological syslem means thal there
are producers, consumers, and decomposers
present in the sysiem in such a manner that
foot and energy lows from one level to the
ather,

The pallutants {nitrogen and phosphoraus)
disturb s equilibrium by increasing
productivity of atake. As (e produciivity of a

Ans.B

Ans 9

lake increases, ils water quality reduces and
equilibrium is dislurbed. Oligolrophic lakes
have low level of produclivity so they can be
considered to be perfect ecological system.

(¢)

Aesobic condilions are maintained in the upper
portions af lhe facullalive pond by oxygen
generaled by algas, and, 1o a lesser extent by
penelration of almospheric oxygen. Stagnant
conditions in Lhe sludge along Ihe botlom
prevent oxygen fransler o thal region and
anaerobic conditions prevail there. The
boundary between Ihe aerobic and anaerobic
zongs is not stationary. Mixing by wind aclion
and penelration by sunlight may extend the
aerabic area downward, Conversely calm
vaters and weak lighting result in the anaerobic
layer rising toward lhe surface.

®) T ‘
Stabilisation ponds may bo classilied as
agrobic, facullative or anaerobic, depending
upon the mechanism of purification.
In 3 totally aerobic pond, the slabilisation of

waler is brought aboul by aerobic bacleria,v

which flouristi in the presence of oxygen.

In an anaerotic pond, however, the
slabilisalion of waste is mainly brought about
by the usual anaerobic conversion of organic
wastes to carbon dioxide, melhane, and

gaseous end producls, with eruption of foul

odours and pungent smells, .

In a facultalive pond, the upper layers work
under agrobic condilions, while Lhe anagrobic
conditions prevail in the bottom layers. The
upper aerobic layer of Ihe pond acls as a good
check against the evolution of the foul odours
from such a pond.

Acrobic ponds are usually of depth of 0.5 m
Faculiative ponds are usually of depthol 110
1.5m

Anaerobic ponds are usually of depth of 2.5
o4dm

Ans.10 {0.36)

farg

Kazvey [1.016]7-20C
Q.30 (1.016)2-2
k

nxc = 036

Ans.12 (c}
The 1oferance limit for BOD; in maring
environment disposal is 100 mg/L
Minimum efficiency needed,

200-100

T x 100 = 0%

Tiin =

Ans.$3(d} |
When sewage is applied conlinuously on a
piece of land, the sofl pores or voids may gel
lilled up and clogged with sewage matter
retained in them. Thus free circulation of air
willbe prevented and anaercbic conditions viill
develop within the pores.

Sewage sickness is the condition when soif

pores gel filled up and clogged with sewage

malter due 1o continuous application of waste

water eflluents. This develops anaerobic

condilions and lou! gases like melhane,

carbon-chioxide and hydrogen sulphida are

evolved.

Inorder lo preven! sewage sickness:

{i) Sewage should be given primary reatment

(i) The soil chosen for effluent irrigalionf
sewage [arming should be sandyur loamy,

{il} A proper under drainage syslem (open
jointed drains) should be designed.

(iv} Land should bs given rest for some lime
and ploughed thoroughly.

v} Rolalion of crops to be {ollowed.

(vi} Shallow depihs of waler should be applied.



