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CHAPTER

»  Waste waters are usually classified as industrial waste water or municipal waste water.

o Industrial waste water with chavacteristics compatible with municipal waste water is often discharged
to the municipal sewers. ' ‘

« Many industrial waste waters require pretreatment to remove non-compatible substances prior to
discharge into the municipal system.

o Water collected in municipal waste water system contains a wide variety of confaminants. Commonly
found contantinants with their source and environmental significance are given below:

Important Waste Water Contaminants

f 51 No. Contaminant | Soeurce Environmental
} ' significance
1 ' 1 Suspended Domestic use, Cause sludge deposits
I solids industrial wastes and anaercbic condition
z i agqusatic environment
4 Biodegradable Domestic use, Cause biclogical
; g
,Mg‘”d organics industrial wastes degradation
e ;
‘i as 3 Pathogens Domestic watey Transmit. communicable
e ‘(w!‘ : diseases
0}4"9\ \b\; il . . R . . -
< s “%’?’ 4 Nutrients Domestic and Cause eut:‘aphic;}&an
0}}5&’{{' \,/\_)3 b M industrial waste }
REA
@W&,;&. 5 A Refractory Industiial waste Cause taste und odour
ard ,:(Lu")‘; 'M' c:gdnics problems .
Gl
) y S ts7en boegnadebl€  poet ooy clumge bt 0uld Rk 4
RUSY . i B L AL L R L S v

Qﬁ}\j‘ Ay Hence, it is very necessary to study the characteristics and behaviour of sewage, for its safe disposal.
X 3}_;. This study will also help us in determining the type of treatment reguired,
st

(i

The most important physical characteristics of waste water Is its turbidiy. colour, odour and temperature.

Turbldlty .
Waste water is normally turbid. contammg Wases fl am baths, faecal matter, pieces of papﬁh greases,
vegetuble debuis, fruit skins, ete.




2 ' ENVIRONMENT

Colour

= The colour of waste water can noy mally be detected by the nahed aye, and it refers te the age of
wasgte water.

. ]*16::]1 W abte w &tez is usuaﬁv g13‘, or light brown; hrm ever, as organic compounds are br oken down

. Z%}L COMMOn 1 method of co%our 1@1218\’&]__18 by co nglaﬁ;en _foliowed_ hy sedlmentatlon.

Odouyr : ' : : FINC Y .

* Odours in waste water usually are caused by gases produced by the decomposition of organic matter.

+ The most characteristics odour of stale or septic waste water is that of hvdrogen sulphide, which
is produced by anaergbic microorganisms that reduce sulphates to sulphides.

.

Temperature -

The average temperatures of sewage in anza is 20°C, which is near about the ideal temperature for
~ the biological activities.

Twportant chemical characteristics of waste water are Hsted below:
1) Total sohds, suspended solids and settleable solids.

(i} pH value.

(ir) Chioride content.

(iv) Nitrogen content.

(v} Presence of fats, greases, and oils.

(v} Sulphides, sulphates and H,S gas.

(vit) Phsgolved osvgen. ‘ -

{viii)Chemical oxygen demand (COD).

{ix} Bio-chemical oxygen demand (BOD).

x} Total organic carbon {TOC),

{(x1) Theoretical oxygen demand (ThOD). TM 424 -

Total Selids, Suspended Solids and Settleable Solids ;

Solids present in waste water may be in four forms - suspended solids, dissolved solids, colimdal solids

and settleable solids. .

*  Suspended solids, are those which remain floating in water.

»  Dissolved sclids are those which dissolve in waste watey.

= Colloidal solids are finely divided solids remaining either in suspension or in solution.

. Settkeabie ~0hd~, are thaz pomon of soi:d matter which settles out, if the waste water is allowed to
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_per cent, of totai b(}hdw wspectu LE\
» Inorganic matter consists of sand. gl avel, debris. chlorides, sulphates ete, whereas organic matter
consist of!
{i} carbohvdrates such as celiulose, cotton, fibre. sugar ete.
(i} fats and oils from kitchens, garages, shops ete.

{111} mtmgeneu:, compoundb like proteins, urea, fally acids ete.
F MR - - i —— -

)



WASTE WATER CHARACTERISTICS o : 3

The amount of various kinds of solids present in waste water can be determined as follows:

(a) Total amount of solids can be determined by evaporating a known volume of waste water
sample, and weighing the dry residue left, ’ihe mass of residue left zlwlfied by the volume of
sample 13 total solids in mg/l.

(b} The suspended solids, also called non-filtrable solids, as they are retained on a filter of 1 um
pores. Thus weighing the dry residue left and dividing by voiume-of sample filtered will give
suspended solids in mg/l. .

{e) The guantity of settleable solids can be determme& using Imhoff cone (figure). Waste water is
allowed to stand in the cone for fwo hours and the quantity of soizds settled down in the bottony
is directly read out, which gives an approximate amount of settleable solids.

. Conical .
glass
vasgel

'Imho_ff cone L\//

p"i Value
\f »  The determination of pH value is very mmportant, as it gives an idea about certain treatments which
. ciepends upon pH value. ' _
),f\g i “«  The pH value can be measured by the help of potentiometer which measure the electrical potential
L3 exerted by the hydrogen ions, and thus indicating their concentrations.

&
*ee

The alkalinity of fresh waste water sample is aﬂxahm but as tzme passes it it becomes acidic. because

of the baete;zal actlon in anger obic or nitr 1fz£,at10n proc {}LGQ::E:; Y @%na f : Beﬂax o
.............. t Aenfind 7
- g‘._'} X

chim ide content of domestic wasfe waler is l"{} mg/l howa,ver Lirgf, amount of (,;’ll()i"ldeb may cntei
from indusiries like ice-créam plants, meat salting etc., thus increasing the chloride content of
waste waley,

The ahl(u ide content can, be measur e& by it

ting the bample of waste w ater wzth standar d silver

Nitrogen Ceontent

The presence of pitrogen in waste water indicates the presence of organic matter, and may be fownd.

in the following forma.

(a} Free ammona or ammonia nitrogen {indicates recent po! Hution}.
by X}bumlnozd nitrogen or organic nitrogen {mdz(atea quantity of niirogen hefma decompfhnzm has

Lu Or o Dy
{c) ﬁltnteb (indicates par tly decomposed condition). N *14_ —> Uy ,__‘::"‘z‘; g,
T : .
{d) Nitrates [mmc'&tes; oki pciiutzf«n (fuiiv oudmed} ) 4 i :
T T T widsle i bate




4 _ ENVIRONMENT

Presence of Fats, Oils and Greases
« Fatsand oils are compounds of alcohol or glycerol with fatly acids.

o Such matter form scum-on the top of the sedimentation tanks and clog the voids of the filtering
media. Therefore, they interferes with the normal treatment methods, and hence need proper
detection and removal.

The amount of fats and greases in waste water sample can be fietermlned by evaporating it and then
mixing the residual solids left, with ether (hexane). The solution is then pour od off and evaporated,
leaving behind the fats and greases as residue, which can be easily weighed.

Sulphides, Sulphates and Hydrogen Sulphide Gas

" Sulphides and sulphates are formed due o the deo omp{}smon of various sulphur comammg Subhtance-,
present in waste water. :

This decomposition also leads to evolution of hydrogen sulphide gas, causing bad smells and odours,
B bemd@a cauc;mg COrTOsion of concrete sewer pipes. :

JR— w—

) étable and umb}ect enabllg—; erciplgdugz

o The initial decompositions is associated with fmmatlen of H,S gas, which also ultimately gets
oxidised to form sulphate ions.

Dissolved Oxygen

s Dissolved oxygen is required for the mspll dLl{)ﬁ of aerobic micro-erganisms as well as all other
aerobic hife forms. :

+ The dissolved oxygen in f1 esh waste water depends upon teperatire; If the temperature of sewage
is more, the D.O. content will be less. Max quantity of D.O. that can remain 1 mived in water at
_a particular temperature is called Saturation Dissolved O*cygen

. Dlssoivui oxygen less than 4 ppm is detnmental o Mi‘ fish.’
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» The oxvgen equivalent of organic matter that can be oxidised 1s measured by using a strong
chemical oxidising agent in an acidic medium.
o Potassium dichromate has been found to be excellent for this purpose.
-+ This test is also sometimes called dichromate-oxygen demand test.
. {COD BOD, } ?\Ionblc}degaaéabl@ organics.
et ]
Theoretical Oxygerx Demand (ThOD)

If the chemical formula and the quantity of all organic matter present in the sewage is known, the exact
amount of oxygen required to oxidise then can be calculated stoichiometrically. This is called theoretical
oxvgen demand {ThOD).

?However,ﬁgeneraiiy - P

{ TROD > COD > BOD > TOC

Total Organic Carbon (TOC) gy €9 Thop 'fvr dawesdec Senrpt

It is another method of expressing the organic matter 1 terms of carbon content. The following example
will llustrate it.

For most practical cages, COD = ThOD (taken)




vre. ... Bio-chemical oxygen demand is used as a

WASTE WATER CHARACTERISTICS ' 5

Caleulate theovetical oxygen demand and organic carbon concentration of water that contains
200 mgfl of glucose (CH,,0p) and 25 mgfl of benzene (CgHg. '
Sol. . CH,,04 + 60, 6CO, + 6H,0

- CH, + 7.5 0, —> 6C0, + 3H,0

192 240
THOD 5 —mx 200 +—x 25 = 290.2 mgfl
" 80 ¢ 78

72 2 - -
POC = ——x200+~-x25 = 80 + 23.08 = 103.08 mgll.
TOC v - .O 08_ 103 . mgll

_Bio-chemical oxygen a¢ nd 15 us: : measure of the quantity of oxygen required for osidation of
bio degradable organic matter present In water samplé by aerobic hiochemical action. '
Oxygen demand of waste water is exerted by three classes of m aterials:

Marbomcecusarganic materials.
(b) Oxidisable nitrogen derived from nitrite, ammomnia and other organi¢ nitrogen compounds which
serves as food for specific bacteria (Nitrosomonas and nitrobacter).
ey Chemical reducing compounds e.g. Fe*', SO (sulfites), S (sulfide) which are oxvdised by
dissolved oxygen.

For domestic sewage, nearly all oxygen demand is due to carbonaceous organic raterial and is determined
by BOD test.

Note: When nifrogeneous ma ter i also To be removed in treatment process. Nitrogeneous demand is
also found out. This is called N-BOD {ie. O, required for conversion of nitrogeneous matter fo
nitrate). Removat of nitrogen from the system is achieved by Ist oxydising the nitrogeneous

organic matter to nitrate {Le. nifrification) and then denitrifying +he nitrate to release nitrogen
qas (N,=) which goes out of the waste water,

iz

The BOD can be determined by diluting a known volume of a sample of waste water with a known
volume of acrated pure water, and then caleulating the 1.0, of this diluted sample. The diluted sample
:s then incubated for 5 days at 20°C, The D.O. of the diluted sample, after this period of incubation.
is again calculated. The Tifference between the initial D.O. value and the final D.0. value will indicate
the oxvgen consumed by the diluted sewage sample in 5 days. The BOD in ppm s then caleulated by
using the equation:

BOD or BOD, = D.0. consumed in the test by diluted sample

. <o Do, ] A Dilufen
Vol. of the diluted sample } T [b‘ by L0 J'J A bf‘{i@aﬂ

x -
| Vol of the undiluted sewage sample

The abave factor in the bracket is calledd dilution factor.

Note: Semple is dilted with dilution water S0 that sufficient oxygen 15 available during the incubation period
of 5-days. - :
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¢ The first demand occwrs due to oxidation of organic matter and is called carbonaceous
demand or first stage demand, and later demand occurs due to biglogical oxidation of ammonia,
and 1s called nitrogeneous demand or second stage demand.

* Howevey, the term BOD usually mean the first stage BOD.

i S
BOD in IInd stage BOD
ppm Nitrogeneous .
' dernand)
_J\
Y Ist stage BOD
C {caibonateots
demand) -
L S
. Time in days -
" BOD curve '

U ANitrogenous demand starts only after 5-8 days because the repr oduction rate of nitrification bacteria
18 slow. '

Note: Nitrification bacteria are autotropes. They derive carbon for their growth from CO,. Hence they have -
to Spandemrgymreducmgcct?TcCThus energy available for their reproduction is less thereby growth
rate is less. Carbonaceous matter oxidising bacteria are hetrofropes. They derive carbon from erganic matter
directly. Hence energy is not spent in getting corbon. Thereby their reproduction rate is more.

Reaction Kinetics

atr b 4

oy Ltk
e

Amount of oxygen
4. équ__.iv alent of organie
matter present

N

[ M

Tine —3

Lt = amount of organic matter present af time ¢

where. Kk = reaction constant




WASTE WATER CHARACTERISTICS : _ 7

- S5 log L—log Ly= -k ¢~ 0)

o (L

trerrrrrrr—
Hl
|
o
=

= L, = Lylote

L TE o s oo Trbe -
where. {K‘-’ " 2.303 :@‘ ko%fnxc | mggrﬁn oud Tl -

BOD, = L,a-10 oA

........ g A

»  Unit of kyy is in terms of per day and it is temperature dependent.

\J:k;){‘;ﬁ_.} = knw'fl‘(}d”f]?mw (Vantheff-Ayrhenius equation)

sk, is also sometimes called deoxygenation constant.

7 Water type AN asta 10 et k;, value
. Tap water - ' < 0.05 per day
Surface water 0.05 — 0.1 per day
Municipal sewage 0.1 — 0.15 per day
Treated sewage 0.05 - 0.1 per day

Ky =koyf1.047]7 7%

Time days —>
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i the vaiue of constant is given more than the normal range, it 15 understood that it is given in terms
of base ¢

«  The normal range of BOD for municipal sewage is 200 - 300 mg/l,
Estimation of kr)

6] Slope = A = tan o -

ral

Time in days . wd

2

A
by =261 7 per day

Population Equivalent ‘
L2 Average standard BOD of domgstie sewage is 80 gms per person per day. .
L;/'I‘h@numbm of person which produce the amount of BOI at the rate of 80 gms per person per day
equal to that produced by industrial sewage is called population equivalent of industrial sewage.
Relative Stability (S)

* Relative gtability (S) is caleulated as:

5 Total G, requived for Ist stage BOD (ie. ROD altimate)}

f 5= 106{2 ={0.794)" } = 1001~ (0,63’)"""-@_/{/

Where t,q/t,. = time in days for a sewage sample o decolourise a sample of methylene blue solution
when incubated at 20° and 37° respectively,

/ - 0, a\‘ailabia effluent

* Decolourisation is caused by enzvmes produced by anaerobic hacteria. . ...

*  The sooner the decolourisation takes place, the earlier the angerobic condition develops which means
lessers availability of oxygen.
. f-f"i.‘he decolourisation takes place in less than a dayv at 20°C, the effluent may be treated as unstable.

I sample does not decolourise in 4 davs it will be taken as stable and thus the effluent can be
discharged into the river.

*  This relative stability check is a performance cheek test for the treatment process.

Note: 1T BOD of domestic sewage is to be found out, we collect samples,

{1} Yo prevent biologica! action from taking place preservatives like chlgroform. formaldehyde, H,S0, ore added
i the botile (i) The Samples collected at dif ferent fimes have different BOD and oll such samples are mixed
n _peroportion to the rote of flow ot the time of collection. This is done 1o gef o representative sample. (i)
Physical and chemical characteristics of sewage vary from top to bottom depth of sewage. So, a representative

straple from a point where turbulence is thoroughly mixing up the sewage is called greb sample.

b3 i ——




' WASTE WATER CHARACTERISTICS 9

Following observations were made on a 3% dilution of waste water:
DO of aerated water used for dilution = 3 me/!

DO of diluted sample after 5 days of incubation = 0.8 mg/l

DO of original sample = 0.6 mg/l

Caleulate 5~day BOD and ultimate BOD, take k,, = 0.1 day™.

Sol. 3% dilution means 8 il of sample 15 mixed with 97 ml of pure water.

L . 3xBE+97x3 .
DO of diluted sample = T T 2.928 mgil
100 .
- BOD, = (2928-08) x.ﬁ_ =709 mg il
_ Ly 7093 '
LG‘ = 1 10‘.'}&[}55 i “10“9\1}‘) - 103 7 mg!!

Determine the maximum upper limit of BOD of a glucose solution of concentration 300 mgfl.

Sol.  CpHysOp+ 60y s 60(}2 +&H,-+energy
' 180gm  192gwm

S 192
ThOD per 300 mg of glucose .= @XBGO = 321 mg/l
ThOD = max upper limit of BOD

The average daily waste flow from a factory in an mdustrzai estate is 75 m° of stecmc acid {C,. H,.COOH)
of concentration 150 mg/l and 9 m’ 3 of capric acid (C,H,,COOH) of concentration 500 mg/l. Calculate
the theoretical oxygen demand and & day BOD of the combined wastes. Calculate the minimum
amount of nitrogen and phosphorus required in the waste stream for it to be amenable to biological
oxidation treatment.- Assume that BOD = 6.7 ThOD and Atomic weights : H=1, C =12, N = 14,
O=16and P = 32 BOD_: N: Pratio of 1001 5 : 1 is yequired m waste water for it to be amenable
to bioclogical oxydation treatment. '

Sol. Stearic acid oxidation
CygH3, 0, + 260, — 16C0,+18H,0

284 B3 742 , 374

‘ _ o . 832 . e o
1 part of stearic acid requives 557 of oxygen for oxidation to carbon dioxide and water.

Quantity of stearic acid = flow X concentration
= 75000 x 150 x 107 g = 11250 gm

: 832
Therefore, 11250 grams of stear i af'li will require Z;?A)GXE oxygen = 32962.5 gm

Lr
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Theoretical oxygen demand (ThOD} = 329625 gm _ . _
o BOD, = 0.7 ThOD = 0.7 x 32962.5 gm = 23073.8 gm
Capric acid oxidation: :

172 448 444 180

o - 48 : : :
I part of capric acid required 5 of oxygen for oxida tion

Quantity of capric acid = 9000 X 500 x 103 grams

. S 448 0 L
4500 grams of capric acid will require 4500 X ?’EZ grams = 11745 gm

-BOD of capric acid = 11745 x 0.7 = B221.5 gm

Total BOD of waste in kg 23.0’? +822= 3129 kg

~ Total TheD of waste in kg = 33,96 + 11.75 = 45.71 kg

‘Biological degradation of organic matter can only occur if & minimum ratio of BOD,+N.: P of | .
100: 5 Lis satisfied. From this condition, - . = . |

- Pl 5 -
The_re_qgired amount of nitrogen = 700 % 31.29 kg = 1.57 kg

The -req_gi;ed_:;amét:;ht; of phosphorus = Iﬁ—d X 31.29 kg = 0.31 kg

The.quéntity snd strength of biolegical treatable wastewaters are usually related to the number of
persons that would bé required to contribute an equivalent quantity of wastewater and are expressed
as hydraulic and BOD, population equivalents respectively. If a dairy processing factory produces an
average of 246 m¥d of wastewater with a BOD; of 1400 mg/l and assuming that per capita daily
sewage flow is 110 litre, and that the pet capita daily BOD, contribuition is 40 grams, caleulate the
BOD; equivalent population and the hydraukic equivalent population. Co

246 x1400x1000

..S{)L BOD e'qmvglenF :pf}pulam}n T TR ORT600 = 8610
h . 246 %1060 .
Hydraulic equivalent population = —m{f{?w = 2236 persons

Note: Sometimes seeded water is used for dilution in BOD test. The seeded water is the water with seeding
of mixed bacterigl culture. )
In that case, for a seeded sample:

Z?ODS e “Q‘ﬁ‘(% -B,)(1-P) gy

where, D, = DO of diluted sample immediately after dilution mg/l
B, = DO of diluted sample after 5 days {120 hours) mg/]
B, = DO of seeded controf sample before incubation, mg/|
B, = DO of seeded control sample after 5 days incubation, mg/
P = Decimal volumetric fraction of sample used
= Volume of undiluted sample/volume of diluted sample

| i~ B e e
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Note 1 20 m] of waste and 280 ml of water - Qmu\aﬁdf, A ¢4 jcr
' Let mitial DO of waste = x mg/l : : ' Chlonenab<d waitfe
and initial DO of water = y mg/l
3% 20+ v =280

dissolved oxvgen of (waste + water) m ——— -t

Let finally it 1s %" and 3’
8% 20+ v x 280

586 mgfl
=3 )x 20+ (¥ - v')x 280
DO differ = S 3 x20+ Gy
300

20 = bmx)

(DO diff )i, = (y-y)(1 ~P)
P

A control .sém_p le bottle containing seeded dilution w ater has a drop of 1.5 mg/l in its DO over 5 days
incubation. The BOD bottle (300 ml with 20.0 ml of waste water and the remaining seeded water)

"h.su?_a"‘I}@‘drap--éf--ﬁ-:Smgf’L Compute the BOD, of the sample. _
(1, = D) - {Bz -B,)1-P)

Sol. BOD, (at 20°C) = )
6.5 15(1- 20 1
8-L5{1- g5
500

For a waste water the BOD; at 20°C is found to be 200 mg/l. For same waste BOD; at 30°C will be?
The reaction constant 'K {to the base ¢) 15 0.2 per day. s

Sol: BOD; at 20°C = L1 — &9
BOD; at 30° = L1 - eRY

L, = BOD, {Remain constant)
200 = Ly[1 - 58] 1}
BOD, = [ PRERS K] ' _ LT

From {i} and {11}

200 BOD,

2

SE = T
S 3K

l—¢
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[-¢** -~ BOD,
—g K 200
But K’ = K(1.047)%-20 = 0.2 [1.047]1¢
K = 0316
_ sz‘mme.am.
= BOD,= %%m‘:;‘am"}
0794
"BOD, = agggxz{}(}

BOD, = 251.26 mgft

L.

Which of the following pairs is not correctly matched?

{ay BOD  Strength of sewage

) Methane . Product of anaershic decomposition
© COD @ Biodegradability of waste-water
{d} Nitrate © Methaemoglobinemia

The following data pertain to a sewage sample:
Initial DO = 10 mg/L

Final DO = 2 me/L

Dilution to 1%

The BOD of the given sewage sample is

(a} 8 mgl/l. . () 10 mg/l

) 100 mg/l o d} 800 mg/L

The second stage BOD as shown in the figure is due to

# .

I Znd stage BOD

Tist stage BOD

=,

BOLDY Guglts

Time ()
{a) experimental error (B} Increased activity of bacteria
(&} mification demand {d) interference bv certain chemical reactions

_OBJECTIVE QUESTIONS

The purpose of proportional weir at the effluent end of a channel type grit removal unit 15 to

(@} provide easy passage of solid particles

(b} measure the rate of flow in the channel

(¢} keep the depth of flow in the channel sbove a certain value
) maintain constant meun velocity 1n the channel
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5.

A 2Y% solution of 4 sewage sample 1s kept at an incubstion temperature of 20°C. If initial DO
{(Digsolved Oxygen) and final DO values after 5 days’ incubation period are 8.5 mg/L. and 5.5 mg/
L respectively, then the BOD will be

(a) 50 mg/l, & 150 me/l

ey 250 mefl. d) 350 mg/L

Consider the following pans of treatment units and impurities removed:

1. Grit chamber © Sand and sii
2. Detritus tank o Organic matter _
3. Primary sedimentation . Suspended tank impurifier
4. Aeration tank of grease . Oil and activated sludge process plant

. Which of these pairs are corvectly matched?

10,

il

{a} 1and?2 y 1,2 3and 4

(c; 2. 3and 4 o ) lLand 3

For a waste, the 5-dav BOD at 20°C is found to be 2.{)(} mgf’L\ For the same waste, 5-day BOD at
30°C will be '

{a} less than 200 xng/L thy more than 200 megfl,
(¢} 200 mglL " {d) zero, as the bacteria cannot withstand such a high temperature

The ultimate BOD value of 4 waste

{a) increases with temperature

by decreases with temperatune
{} remains the same at all temperatures
@y doubles with every 10°C rise in temperature

A certain waste has a BOD of 162 mg/L. and its flow is 1000 cubic metres per day. If the domestic
sewage has a BOD of 80 gram pex capita, then the population equivalent of the waste would be
{a) 20.25 by 1296

) 2025 @ 12960

The correct statement of comparison of ultimate BOID, COB, Theoretical Oxygen Demand (ThOD)

‘and 8-day BOD (BOD,) 15 -

(a) BOD, > COD > ThOD > BOD, & COD > ThOD > BOD, > BOD,
() ThOD >COD > BOD, >BOD, ~ @  COD>BOD, > BOD, > ThOD

Match List-d (Dhfferent forms of nitrogen in water) with List-} (Inferences) and telect the correct
answer using the codes given below the hats:

Lastt Listdl
A, Nitrate nitrogen 1. Unsatisfactory microbial sctvity
B. Total nitrogen 2. Satisfactory microbial activity
C. Nitrite nitrogen 3. Eutmphicati&n may result
D.

Ammoma mirogen 4. Recent organic poliution
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Codes:
A B C D
{a) 3 2 H 4
1 4 3 2
(o I 4 1 2
@ 1 2 3 1
12. Which one of the following pairs is not correctly matched?
@) BOD/COD =0 o Waste-water 1s toxie
() BOD/COD <02 . Acchimatization of seed is necessary
¢y BOD/COD 206 :  Waste-water is non biodegradable

13.

14.

15,

18,

17

d) BOD=COD =0 . Waste water is devoid of organic matter

In aerobic conditions, the microbial decomposition of organics results in the formation of which one
of the following? . :

{a) Stable and objectionable end products

(&) Unstable and objectionable end products

{c} Unstable and acceptable end products

(dy Stable and unobjectionable end products

A waste water sample of 2 mL is fnacie upto 300 ml, in BOD hottle with distilled water. Initial DO
of the sample 15 8 mg/l. and after 5 days 1t is 2 mg/l. What is its BOD?

@ 894 mg/l, () 800 meg/L

(e} 300 mgfl dy 1200 mg/L

Presence of nitrogen in a waste water sample is due to the decomposition of

{a). carbohydrates (b) proteins

{c} fats @) vitamins

Match List-I with List-TI and select the correct answer using the codes given below the ligts:

Fastd ' List-11

A. Suspended solids L May cause eutrophication .
B. Nutrients 2. Toxic, may interfere with effulent reuse
C. Heavy metals 3. May interfere with effluent reuse
D. Dissolved inorganic solids 4. Cause sludge deposits
Codes: '
A B C D
fa) 4 i 2 3
by 2 3 4 1
© 4 3 2 1
& 2 i 1 3
A heterotroph is an organism that obtains

(8} 1ts cell carbon from an inorganic source

(b} its energy from the oxidation of simple inorganic compounds
(e} 1its cell carbon as well as its energy from organic matter

{d) its energy from a natural ecosyetem
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18,

19,

20.

22

23

24

Which one of the following can fix atmospherie mitrogen?

(@) Green algae by Blue green algae

{¢} Bed algae {) Brown algae

What 1is the theorefical oxygen demand of 300 mg/L: glucose solution?

{(a} 360 mg/l by 320 medl,

{¢) 350 mg/L {} 400 mg/l.

Which one of the fbilowing types-of samples i relevantly employed for the design of wastewater
treatment plant?

{a} Grab sample () Composite sample

(&) Integrated sample i) Any sample

. A 125 ml sample of treated waste-water requires 1875 mL of odor-free distilled water to reduce

the odor to a level that is just perceptible. What ig the threshold odor number (TON) for the
wastewater sample? : '
) 007 {hy 1.07

& 16 @ 16

The figure below shows, BOD curve when the experiment was conducted at 20°C. If the experiment
is conducted at 30°C. then the portion AB of the curve '

B

Oxygen
consumed

A Time

{(a) shifts to the left (b} shifts to the right
(¢} remains unchanged ) shrinks

Congider the following parameters:

1. Fixed sohds

2. Volatile sohds

3. Chemical oxygen demand

4. Biochemical oxygen demand
3. Ihssolved oxygen

Which of these parameters are taken into consideration for determining organic strength of a waste?
{a) 1,2 and 3 B 2, 3 and 4 '
() 3, 4and B i 1 4 andh

The five-day BOD of a waste water sample is 150 mg/l at 20°C. The reaction constant %’ (to the
base ‘¢’) is 0.2 per day. The ultimate first stage BOD is (e = 2.72;

(a} 225.5 mefl & 2372 mefl

{} 246 med {dy 245.5 myfl
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25.

26.

27
treatment 1s the biological treatment given to the waste water and not to the normal water.

28

29

-36.

31

32,

The dissolved cx_vgén sag curve manitfests
{a) BOD demand

(b} BOD deficit

{&) varation of dissolved osygen saturation
{d) dissolved oxygen deficit

What is the zone where fish life might tend to progressively dwmdie when was the water 15
discharged into g river, calied?

{a) Zone of degradation (b} Zone of active decomposition

&) Zone of mixing {dy Zone of recovery

Assertion (A): One of the major differences between the water supply treatinent and waste water

Reason (R): Bmdegzadablo or Gamc mater concentration in waste water is very high while 1t 15
nearly nil in case ‘of normal water.

Asgsertion (A) For any waste water, to astertain its polluting capdczl} esfimation of BOD is more
relevant than that of COD.

Reason (R): BOD gives the oxygen demand at the stated temperature condition.

The measurement of nombiadegradable"orgéni.z: content 1s usually carried out in the terms of
@ BOD & DO
© TOC d CoD.

Which of the following is the correct representation of BOD in mg/l exerted against fime in days?

A A

BOGD

{a) ®)

BOD

o / o

o &
& 5 / . ©y =

. > i
Time Time

Which one of the following is not biodegradable organic matter?
{a) Carbohydrates ) Fais
(¢} Alwohols {d} Petro
What does high COD to BOD ratio of an organic pollutant répresent?

(@) lligh odegradability of the pollutant
(b} Low biodegradability of the pellutant
() Presence of free oxygen for aevobic decomposition

) Presence of toxic material in the pollutants
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33

34

35.

37

38,

What is the BOD, at 20°C of a waste that vields an oxygen consumption of 2 mgfl from a 0.5%
diluted sample? :

{a) 50 mgfl by 400 mgi!

{¢) 200 megfl )y 250 mgfl

What are the values of the permissible BOD, at 20°C, ‘oil and grease and per cent sodium
respectively of treated muniecipal sewage for land irrigation?

{ay 10 megll, 20 mg/l, 60 b} 60 mgll, 26 mg/l, 100

) 20 mgfl, 160 mgll, 60 ) 20 mg/l, 60 mg/l, 100

Biochemical oxvgen demand (BOD) is quoted at which temperature?

@ 25°C ®) 20°C
@ 15°C L @ 10°C

. Match List-T (Charactenstics of sewage discharged into inland waters) with List-IT (Allowable limt,

mg/L) and select the correct answer using the codes given below the lists:

- Listd _ - List-i1
A BOD, 1250
B. COp 2 30
5. il and Grease C 3 20
D. Total Suspdended Solids 4 10
5 5
6 3
Codes: :
A ‘B C D
fay 2 5 4 2
by 4 1 8 4
© 3 1 4 2
& 2 1 6 3

Water samples {X and Y) from £wo different sources were brought to the laboratory for the measurement
of dissolved oxvgen (DO} using modified Winkler method. Samples were transferved to 300 mL BOD
bottles. 2 mL of Mn50, solution and 2 ml, of alkaliodideazide reagent were added to the bottles and
mixed. Samples X developed a brown precipitate, whereas sample Y developed a white precipitate.
In reference to these observations, the correct statement 1s

{a} hoth the samples were devoid of DO

(b} sample X was devoird of DO while sample Y contained DO

{) eample X contained DO while sample ¥ was deveoid of DO

(d} both the samples contained DO

A portion of waste water sample was subjected to standard BOD test (5 davs, 20°C). vielding a value
of 180 me/l.. The reaction rate constant (to the base e at 20°C was taken as 0.18 per day. The
reaction rate constant at other temperature may be estimated by ky = ko (104777 The temperature
at which the other portion ¢f the sample should be tested, to exert the same BOD in 2.5 days, is
fa) 4.9°C {h 24.9°C

{cr 31.7°C )y 35.0°C
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39. Total Kjeldahl nitrogen is a measure of
(a} total organic nitrogen {(b) total organic and ammonia nitfogen
fe) total ammonia nitrogen (@) total inorganic and ammonia nitrogen

40, In aerobic environment, nitrosomonas convert

(8 NH,to NO, - ® NO; to NO;
© NH, to N,0 @ NOj to HNO,

41. List-] contains some properties of water/w: aste water and ListdI contains list of some tests on
water/waste water. Match List-l with List A1 and select the correct answer using the codes gz\ en
below the lists:

List.I | Listdl

A, Suspended solids concentration 1. BOD
B, Metabelism of biodegradable o gamcs 2. MPN-
C Bacterial concentration 3. " dar test
D Coaguiant doge - 4. Twrbidity
Codes:

- A B C D

@ 2 1 4 3

by 4 i 2 3

2 4 1 3

@ 4 2 1 3

AL To determine the BOD, of a waste water sample, 5, 10 and 50 mL aliquots of the waste water were
diluted to 300 mL and mcubate& af& 2,0"(3 in BOD bottles for 5 days. The results were as follows,

§No. | Waste - water | Initial DO, | DO after 5days,
volume, mL mgfl : mg/L

1. 3 9.2 6.9

2 16 9.1 4.4

3. 50 84 0.0
Based on the data, the average BOD, of the waste water is equal to
{a} 139.5 mg/L. {b) 126.5 mgfi,
{c} 109.8 mgfL )y 72.2 me/l,

43, A wastewater sample contains 1075¢ mmol/L of OH~ ions at 25°C. The pH of this sample is

@ 86 | t) 84
© 56 | @ 54

44. The 3-dav BOD of a wastewater sample is obtained as 190 mg/l, {with k = 0.01 h~'}. The ultimate
oxygen demand {(mg/l) of the sample will be

(a) 3800 M) 175
@ 271 @ 190

st
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45. Congider the following statements -
1. Domestic wastewater can be mclusive of marginal inbuts from industry.
2. Population equivalent is the term used to compare the pollution potential of different industries.
3. Sullage is the waste water needed to be treated by biological waste water treatment units.
4. Sanitary sewage includes both domestic and industrial sewage.
Which of these statement isfare correct?
{a} 1and 2 h) 2 and 4
£} 3and 4 @ 1,2 and 3

46. A sample of sewage is estimated to have a b day 20°C BOD of 250 mg/l. If the test temperature
be 36°C, in how many days will the same value of BOD be obtained?

(a) 1.5 day {h) 2.5 days
{&) 3.3 days : {d; 7.5days

47. Statement I ; The BOD test is conducied for 5 day at 20°C.
Statement 11 : The amount of oxygen wtilized by micro-organisms anaerobically is qalled BOD.

{ ANSWERS }

1 © 13. () . 25. (d) 37. ()
2. (d) L uw | 2. (2). B8
3. (© 15. (b) o 27. (a) S 39. (b)

4 () 16. (a) 28, (b) 40, ()

5. (b). | .1_7. © 29, (d) | 41. (b)

6 (@) 18. (b) | 30, (b) 42. (©

7 () 19. (b) 31. () | 8@
8 () 20, (a) 82. (b) 44. (¢)

9. () 21 @ 33, (b) T 45 (b)

10. (c) 22. (a) 34, (a) 46 (o)

11 @) 23. (c) 35. (b) 47, ()

12 (o) 24. (b) $6. (c)




CHAPTER

B:ochemlcal Reactlons in
Treatment of Waste Water

The Aerobic and Anaercbic are the two basic forms of biological stabilisation reactions whose
occurrence 1s dependent upon the availability or otherwise of dissolved oxygen.

A conméez abie pomon of the organic matter is synthesised 10 new microbial cells.

The reaction provides high degree-of stabilisation-although-the synthesised microorganisms result
in the formation of large volumes of sludge which require further treatment.

Angerobic reactions oceur only in the absence of frev asygen.

o&~ They are more complex because they occur in two stages carried out by dszelent species of bacteria.

-

Acid-forming bacteria initially convert complex organics Into organic acids and alcohols, At this pont
methane-forming bacteria convert the acids and alcohols into methane and other end products such
as hvdrege n sulphide. : :

nmthane
Bmahiialaa

.~ Because Gf the lower release of energy in anaerobic reactions, the synthesis of new cells is very much

iess than in aerobic reactions.

This means that there is less sludge from anaerobic stabilisation of a wastewater than from aerobie
stabilisation of the same wastewater.

&2/ Anaerobic reactions are much slower than aerobic reactions and do not usually remove the organic

content of the food fo such a low level as 18 possible in an aerobic reaction.

NO(# In anaer‘ob;c process, bounded O, is removed from the moiecuies and thus energy reieasad in anaerobic
process is tess cmd herzce sym‘hesm of new cell is less.

CRG. MATTER + 0L+ BAUTERIA AMORE BACTERIA
(CoHRSR) oy END TRODUCTS (C0,. N0, 808 POT)

Aerobie Reaction -
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ORG. MATTER + ACH) FORMING BACTERIA » MORE BACTERIA
{QOHNSP) : K

INTERMEIDMATE PRODUCTS
(ALCOHOLS AND ORGANIC ACIDS)

.i .....

METHANE FORMING BACTERIA

B FROé UCTS MORE BACTERIA
(CH, 1,8, C0,)

Anaerobic Reaction

"""""""""" Biological Growth L _
WJo in biological treatment processes, the material to be stabilised provides the basic nutritional and
energy requirements for its conversion into end products ahd new microorganisms.
o (at
3 Reactions which provides material for synthesis of new microbial cells are termed anabolic.
4. In the absence of organic matter, microorganisms can exist for sometime because of the existence
of auto-oxidation or endogenecus respiration. In endegeneous respiration which takes place continuousiy

ic reactions are those in which food is'broken down to release energy.

where they can be reused.

n biclogical system, cell die and lyse to release organic matter and nutrients back into the system

Parametéer

Aerobic oxidation

Anaerobie digestion -

.O;(_ygeh 1‘eqaimmﬁaht _

Abundant

Nil

Areas of application

Commonly dilute Lquid
waste and solid waste
compasting

*Commeonly sludges

process completion

Energy 1elease {per 484.874 Kceal 26 Keal
gram-mole glucose) '
Stages required for 1 2

Decomposition and
products

€O, H,0, NO,

NH,. H,S8, €0, CH,

BOI}}3 of effluent.

Low (ess than 60 mg/h

High {upto 5600 mefl}

Operative bacterial
species

Mesophillic and
Thermophiilic

Generally mesophillic

Process responsible for
bacteria] inactivalion
{composting included)

High heat release duying

bio-oxidation

Mainly scidie and
unfavourable reactior

Anaerobic system will be discussed in detail in sludge digestion topic
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" Anabohsm New celis
' {biomass}
PEATICE R
0 s : /§ & Endogenous
MIiCroorganims; & catabolism
Catabolism Enerav| +] aste |l
ad products
¥ . \ v
Waste Organic
heat : restdue

Note: ”ﬁze znd products of aerobic catabofism are Iow ener‘gy sfcble compournds, with most of the energy being
stored in the cellular material By confrast, most of the ener‘gy released in anaerobic catabolism remains in the
waste products,

» Biological growth in the oxidation system assumes the following:

() ample supplies of carbon, nitrogen and phosphorous so as to enable the svnthesis of new cells.
the empirical Tormida for whichig -

C, 1»18"0931\;!,,1

)%OD . N : P ratio of 100 §:1or 6 P ratio of 100 : 15 3)
(i) sufficient energy is available in the nganm matter;
(i) inerganic growth nutrients — such as calcium, ccbalt; iron, maganese, potassium, ete., ave
present in the small amounts necessary; :
(v} appropriate growth nutrients are present; and
(v} absence of toxic substances such as heavy metals {e.g g Cd, Pb, Cr. Ni, CNj etc.

Y
%“"Scy o Declinine Auto oxidation _
ér' U}gf{i}ég}mm gﬂfé;:g {endogenous respiration)
M'\ A N P
Bacterial © N <— Bacterial
nimi:{:rs numbers (M)
ot
Food CW’[
concentration
4 4
\{\{:0 C‘vé"’&

Time ——3 .

Biological Growth Curve

f B R L T ot A Tl DT W TLIRT O BINATA 1
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« Domestic sewage satisfies all of these requirements and, it has an exces of nitrogen and phosphorous.

o Industrial wastewaters may be lacking in some essential components and nutrient supplementation
may be needed for effective biological treatment.

« It is also important fo reduce the concentrations of toxic substances to innocuous levels when |
industrial wastewaters arve to be treated; thus the need for the pretreatment of industrial wastewaters
before discharge into municipal sewage systems arises. :

(1} Aercbic cycle

{2} Anaereobic cycle

Aerohic Cycle

(1) Nitrogen Cycle

\'Ev' . i
- . MNitrop 1 matter
Eacrafion . |
g -
L i 2 _
' A o /"’./ -Piantw_}; . Jomis baclgriah
- s o Nitrosomonus bacteria
J.Niﬁragen_ ¥ \—'&
[ Plant YL fasien o N‘"I NG
, . - :
T :
-, f.,.—:m P o O ANitro bacter)
: NOL et L AR
Photosynthesis e
Stahilized
product

Nitrogen cycle {Aerohic cycie)

(i1} Sulphur' Cycle

;
M—9! Sulphureus matter ]

Excration i

! dpimat .t'“““ """"""""" - ?";\:\\ E{\ 5 T )

— /’, R - {// \'\T{Jm Qj__; 1 !-Z

//” /,;7 O‘ﬂ ?( =

it e ¥

Eﬁani - e ‘52 \'/
....... : L
_.\_...I_._....’ s

ey “z .
 Photasyntheats { DO-I‘E;!--\ = 0,
i;a;flend Traduct ) .
SulpRur Aevabic cycle
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¢y Carbon Cycle -

Exeretion -
} Carbenaceous matter
N P p=
_{;,Lc‘ i Animal thh‘“‘“ //’
'\/ﬁ»ﬂ 'y " - ~:,)6\.&'gx
S i
%"”"’* > ¢
- \\ 6‘;‘0 X
e \\\ ‘% %
ii’i&nt - \\“f%
. Tvels N
wi T Co, }\ <
Photosynthesis . :
Carimn Aembtc c:}cie
Anaerobic Cycle
Excretion Nitregenous ar
7 sulphurows or
carbanaceous matier Reduction _
J— . - ; o
Anigmal promm 3o g : ¥ “ &,OL‘C
[“w;\ e ot o Organic acids, A!mhe!s; "’\r A. t:,%" :
L Co,, H,S
’/, . . .
| [Fur ] .
E CHJ H:_S n ( . .
J ‘  Photosynthesis Humus. \-»C/ o ’
- - ) g
Pinalendproduct.  Swieht g8 oY S
Anaerobic cyele

» Bacteria are primary decomposers of organic material. They utthze soluble food.
»  Bacteria requires energy and material for growth and reproduction.

»  Energy for bacteria 1s derived from bio chemical oxidation or reduction of inorganic or organic
compounds. '

+  Material is derived from inorganic and erganic compounds.

Bactena are classified according to the energy or material source they requive:

o  Aatotrophs: They derive both ezﬁgtfami material from inorgahic substance.

] (ﬂctemtropbs: They derive both energy and material from organic compounds.

Jhototrophs: Utilise sunlight a8 energy source and inorganic substance for material source.
Heterotrophic bateria are the most important species in the degradation of organic matter:

\Aerobic heterotrophs: Aervobic bacteria (normally called) utilises Gz'garaiés in the presence of oxvgen.

‘Axfaerobic heterotrophs; Anaerobic bacteria utilises organic in the absence of osygen..

Pdcultative heterotrophs: Facultative bacteria is capable of functioning both in the presence as well '
as absence of oxygen.
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Disposal of Sewage Effluent

There are two general methods of disposing of the sewage effluents.
{a} Dilution 1.e. disposal in water '
by Disposal on land

Disposal by dilution is more common of these two niethiods.

Disposal by Diliigio e

Disposal by dilution is the process where by the '-iiééﬁe_d__"'éé“>age or the effil'ze.nt; from sewage treatment

The yatio of the quantity of the diluting water to that of the sewage is known as the dilution factor; _
and depending upon this factor; the Royal Commission Report on Sewage Disposal has laid down the
following standards and degree of treatment required to be given fo a particular sewage.

s

V4 Dilution Factor Standards of Purification Required

Above 500 1 No treatment is required. Raw sewage can be directly
discharged into the volume of water.

Between 300 t¢ 500 Primary treatment such as plain sedimentation should
‘be given to sewage. and the effluents should not contain
_suspended sobids more than 150 ppm.

Between 150 to 300 Treatments such as sedimentation, screening and
essentially chemicol preapiiation are vequived. The sewage
effluent should not contain suspended gobids more than 60

ppm. T

Less than 150 Complete thovough treatment should be given to sewage.

1 The sewage effuent should not contain suspended solids
more than 30 ppm, and its 5 days B.O.D. showld not
execeed 20 p;);;:_
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‘ﬁ/&andard for Disposal of Sewage

DPomestic sewage Industrial sewage
Parameter If discharged surface water [ Public sewer
into surface ' '
water source
BOD, 20 megil/ 30 mgfl 500 mgfl L~
pH - e 55 - 9.0 5.5 - 2.0
Suspended solids 30 mgr’f.\/ - 100 mgff"/ GOOmng v
Phenolic compounds — ' 1 mgil ol 5 mgl
Cyanides - 0.2 mgf! ' 12 mgll |

When sewage is disposed of in a river, self purification by natural agents takes place. This self
purification occurs by various mechanisms. 'I‘h_ey"_'éféf :

(@) Dilution and dispersion. '

{b) Sedimentation

{c} Sunlight

{dy Biological oxidation

{e) Reduction

Dilution and Dispersion

»  Dilution only reduces the potentia?f:’hpigahce due to sewage. It is not a self purification method.
o . {j ?\L“f‘ w9y R¥aw

iy Qg+ Qy aud of Wn@*g

C, = Concentration of materialin sewage 09 a;f I
G, = Concentration of same material in river
Qg and Qp are discharges of sewage and river.

*  This formula is alse applicable for concentration, like BOD, DO, temperature, etc.

Sedimentation _

» The suspended solid in the sewage (inorganic as well as organic) will settle down at the bottom of

- the river and in due cotrse they will be stabilized. Thus, the river, water will have no suspended
solid and it-can be thought of as a purification method.

*+  Primarily the settled organic solid at bottom will be stabilized by anaerobic bacteria.

Sunlight R _

* Due to sunlight, in the process of photosyntheis, oxvgen is released. This oxygen helps in the
oxidation of organic matter, thereby forming a stable product which is not a potential hazard.

Oxidation

»  Oxidation of organic matter occurs due to oxvgen mised in the 1'ivém;§§gxt’l‘h.e Ox¥gen in river
water s due to photosvnthesis and due to atmospheric oxvgen getting mixed in river waler.

Reduction
* By hydrolysis of organic matters settled at the hottom either che mically or biologically, the organic
matters are stabilized The process 15 a reduction nrocess.

t T I e e

s‘} o
H
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\,JAnaembic bacteria at the bottom helps in splitting complex organic matters of sewage into simple
compounds and gases. These simple compounds can come in contact with exygen during thorough
mixing of river water, hence they will be stabilized eventually.

1. Temperature S
Inerease in temperature leads £ decrease inD.0Q. and mcreabe in rate of reaction. Hence, oxygen will
quickly get depleted and anaerobic conditions may set in
2, Turbulence R
&/‘m'baience will lead to increase in the oxyren mi_x__:e'_"d _inf:iva__ter',
3. Amount and Type of organic matter

Some compounds can be easily oxidised and %omﬁ wﬁl taixe time, thereby purification will be siow or
fast depenémg on the type of organic matter. ;-

4, Hydrogm phy of river stream

: ! : wHigher velocity and larger surface area Ieads to greatel tm bulence and greater dilution of sewage added.
' This helps in self purification. : :

: | i.' 5. Rate of reaeration, o
‘E N B . .": - ) v 0
\Moze is the rate of reacration, faster will be the self purification. M :{?-W‘ tte dejiteen o 03

& Ve nale ooy QLaeads oy,

1 Zong of Zone of
éegradatwn recovery
T / . sl % e . L £
> > . >
{'Eea ver: Clearar
ha water I oywater

Saturation
n.G

: ' Z.} {) s4
4% of D.O \ ‘! £ (:Q;,i(_e

l v Zoneof g i

active
decomposition
Saturation

5 e Zones of poliution in river stream are
2 ¢ \iw\ {a} Zone Ofdegladdtl()ld.
o A by Zone of active decomposition.
{c} Zone of recovery.

(dy Zone of clear water.

| Zone of Degradation
» It is found upto certzin distance downsiream of the point at which sewage is divcharged into the

river. Wiay

* In this algse dies but the fishisurvives,
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L Water becomes dark and turbid.
.* DO reduces to upto 40% of saturation.
wLone of Active Decomposition
* 1t is a zone of heavy pollution.
*  Water becomes davker than zone of degradation.
* DO may cven fall to zero,
¢ Fish will disappears.

* At upper ends, anaerobic bacteria will replace aerobic bactel 3. Hence anaerobic conditions set in
and thus gases like CH,, H,S, CO, will be evolved and- ugiv &.cum forms on the swface.

+ At the end of this zone DO concentration will reach upto 10% of the satmatmn DO,
vLone of Recovery
+ BOD falls down.

*  Organic matter will produce nitrate, sulphate, phesphaﬁe ra1bonate ete.
¢ 10O, content rises above 40% of the satura!zon Valuo

Zone of Clear Water

s DO will rise upto its saturation value, but the pathéﬁfmxs may remain.

*  When biodegradable organics are dm{‘harged into a stream containing .0, micro-organism begin

the metabolic process that convert the ﬂrgamcq along with D.O. into new cells and oxidised waste -
products, : .

*  The rate at which the D.0. is used wzli end on the quantity of the organics, the ease with which
they are biodegraded and the. dzlutmn z:apaat\ of stream.

The D.O. that is used from ¢ streg;p must be replenished as otherwise anaerabic condition will
develop. o

Two mechanisms are knoun t_:,'{'}"fcqﬁtribtzte oxygen to surface water.
(@) dissolution of oxygen from atmosphere (Reaeration)
{by production of oxvgen by algae photosynthesis
Reaeration
At a particular Lemperature there ig a max value of D.O. that remains mixed 1n the water. ThisD.G.
15 called saturation D.0. (Cs) PN
1&9\} gen deficit (D} = {Sdturatzon B.G - [Actual D.O. (C)} . wHh

_____ ol

Dissolved oxygen deficit is the driving force for reaeration. The greater the deficit, the greater is the
rate of reaeration.

ifry = ?até'-éf_z'__eael'atien {Rate of oxvgen addition)

it‘R = —1{,.—DE {1st order reation)
(-} ve sign indicates that as rate of reaeration increases. oxygen deficit fall down,
i = Re oxygenation constant at base ‘e’

Nots: Oxygert contribution of olgae photosynthesis I'ms been reglected becau e algae will produce oxygen durmg
day light but may consume oxygen in night. At night, algae catabolizes stored food for energy and use oxygen in

the process, Thus, there is diurnal variation m the oxyger due fo algae. On account of this regeration is considered
a5 most dependable source ofD.O..

i"""‘m,,—f—.xn.—-wwm
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Rate of Oxygen Removal
If v=BOD of stream added with sew age li.e. tiziutc,d BOD]

dy de
at  dt
but _ D=0~ C
' dD  dC o
s TET T .f bg = constant]

o (1)
L, = ultimate BOD of mix, R T
L, = oxygen equivalent of organic matter present at any time ‘t
- dy -dl.]
' dt _dt [ o @
but 4
ui -
K, = Deoxygenation constant at base e
i)
i

The Oxvgen Sag Curve

Net rate of oxy gen &Lﬁczt Rate of re-aeration + Rate of {ie -oxygenation

dD | .
dD I |
‘“a“_" ‘““I\.dIJ '_i\ Dt . s 3)
Note: defaczf %‘3 max, when rate of r‘e—aem?aon = rate Qf deﬁxygena‘non

Integration of equation {3} gives D.O. deficit at an}' time T le D
From D one can caleulate DO, (C) m river stream at any time ‘'t

C={C, - Dy

e _ e
s i
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D, Equilibrium
. iy - { concentration <,
- " *K—L(}‘{' E‘Ej) b A o
- : - £y 2
T St : o7 S8 )
o : fﬂ&{&{’ ¥ g - o p /<, ()umglailmfe- oxygen
o £ e addition; slope of line
G- e = ’
< G} ‘:‘\-—- / =
o N /- Comutati _
8 e : wmudative oxygen
K \\2{\ "~ depletion; slope of line
= Wy T [ = '
// . — S
—4"'_ S T e e
£ t.
Time, days
Ch;a.racteriétics of the oxvgen sag curve.
From equation (3) T ' ' : E
dD K D= Ir L.. —I{ p oKat | |
. e P B T Babet
L dD L p -
. gt it Kéeﬁ_-‘-ﬁ DKy I.;Ge{}‘" Kaje
% d
. § -d“t(i}xelirt)m z{dLGeEKI—Kd}I
! -jd._(DeK*-t}= ji{dixge"x"wﬁ"" -dt
- Dekrt Mw{<dL{} SRt o
| &, ~Ky) :
(' = constant of integration
at t = 0, D = D, = initial oxygen deficit
e Keboo mkgn Kyl
- _De R e @ e & 'DG
s (Kr - K4l K, -4
i(:EiLf i .- - ;
I g TP Y
i\t‘ - E\.d ‘ :I o
g b - o e s ..\_-’
Y TS P A R TS . (1) ¢
b By-Ky X

i L o .
where K, and K;; are on base 10. This equation is called Streeﬁer-?h.elwazion,
' : kp w» pALLX H du,;-\;&t“rl fﬁur{ (faﬂbf.

kg = feotygen akion wle (ol
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Note: e_KdT - %
Inx = - KF
2.303 log,x = -kt

fog,x = Kt e ;Q‘KDT:xxg‘Kd*

No{a Sa?um%lonDO at

0°C = 146 mg/t

20°C = 9.2 mg/l S

30°C = 7.6 mg/} o

x at T°C = K, ot 20°C(1L.047)T20 & | " i
Ke @t T°C = Ky at 20°C(1.016)72° W

Critical time at which I')O 1s minimum is given‘ by -

i - i ) I\. D{J{} - (I\R ----- Exn) D{} Z{'R] \/ o
- Iiﬁ " K I ng I&BLG . K-}_‘) j ,,,,,,,,,,,,,,,,,,,,,,,, \‘-‘}
Notfa: This is obtoined from —g% = 0

Z) = critical oxygen deficit Le. mammzzm oxygen deficit

m) e

I\‘

125 m¥s of a sewage is discharged in a river which is fully saturated with O, and flow at & munimum
rate = 1600 m¥s with a minimum velocity of 0.12 m/s. If the 5 day BOD of the sewage 1s 300 mgll.
Find out where the critical DO will occur in the river.
Assume coefficient of purification of river = 4.0 .
k, = 0.1iMday
BOD, = 1.25 BOD,

gL

Assume gat D() at 20° = 9.2 mgfl

H
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Sol. The location where eritical DO__ = (0.12 x t) downstream from the point of addition

£l . |
L ‘ f(zm(f_l)%z}
Def I
T, om L{} 1 O—KDKC

Ky
c® R
b, = Satul ation DO — DO of mix.
SQS + Cple. '

Qs Qg
Assuming temperature of river water = 20°C, saturation DO = 9.9 mgfi. DO ef sewage should be
taken as 0. : .

i

BO of mix

Kl

DO of mi_x 5.53 mgll
Dy = 9.2 ~ 853 = 0.67 mgfl.

300 % 125 + 6 x1660
1600 +125
1.25 X 21.74 = 27.17 mg/.

4}} 3 0.67 }
A -— o
27.17

= 4.39 mgﬂ

3
%

* BOD of mix = 21.74 mgll.

il

B L e SOt

|
]
51
b
=
S
fi

o
I

_ B G.I2XS64-O()><1.723 | L
Location of eritical DO = km = 17.86 km D/S of the point of application of sewage

1000
frito river.

Treated or untreated sewage can be disposed of in a river. lake. land or sea.

Disposal in Lakes

Phosphorous present in the sewage is a prime lake pollutant,

Study of Lake Systém

Lake Szraiification _

9°C C21°C o p
TN ; \\ Epilimnion V/ / f“?ﬂ‘

ra
T* JL Shaapesa*’ ﬁ/ \\ Thwm{}ciinebﬁl Mf.ft" Hwnion

temp. yradient A Hypolimnion : T \L
| oAb 12°C i -4

| 9°C August 3°C 4C
November Jan. April
{mixing} ' {mixing)

l.ake Stratification

f 2 oo
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+ In temperate zones, heat transfer in reservoirs and lakes, where the influence of turbulence and
current 18 neghigible, is contrelled by a phenomenen known as thermal stratification.

*  The fresh water reaches thelr maximum density at 4°C with density declining as water moves
towards freezing point or grows warmer. Thus, during warm season water divides into upper layers
of warm water known as epilimnion.

+ Inthis zone (epilimnion) water is well mixed and sufficient oxvgen 1s present.
' s The lawm laver is cool and unmixed, it 18 known as hvpoliminion, In this zone there is deficiency

of oxygen. These two lavers are separated by they mecﬁne or matahmmen This 1s a region of sharp
_temperature gradient. : :

+ This stratification is interrupted in winter and spr mg (whc.rz ccznpletg mixing takes place).
Note : Maxzmum k:llmg of oqﬁa‘hc plant and animal will occur dur‘mg mzxmg as they are not be accusiemed to
such Temperature changes.

e Epilimnion is qmaliei in smali Iaiea and Iarge: in ialge lakes.

V@'J}iogmal Zones in Lakes
{ay FEuphetic zone
&y Tatiersl zone
{¢) Benthic zone

Auphotic Zone: The upper layer of lake through which sunlight can penetrate is called eup hotlc zone.
The depth of the euphotic zone 18 reduced by the turbidity, which blocks sunlight penetration.

Eittoral Zone : The zone near the shore w h@ra rooted plants grow is called littoral zone. This zone
never extends beyond euphotic zone.

: MBenthic Zone : The bottom sediments in lake which contains bacteria. Living organism when die

settles down to the bottom w hl{,h are decomposed by bacteria présent in benthic zone.

L_P‘rodtzctzvxty of Lake
»  Productivity is a measure of its ability to support food chain. It is a measure of algal growth.
* . Higher algal gr owth leads to decreased water guality. Dependmg upon the increasing level of
pz oductivity, the lakes can be classified as :

W‘ (a) Oligotrophic lake

Urqy» {b) Mesotrophic lake
{}A {©} Lutrophic lake i
{d) S@nezscent iake

. Ohgotrophic Oizgou ophic lakes have a low level of productivity due to a severely limited supply
of nutrierits to suppmtmzilgal growth. Euphotic zones extends te hypolimnion which in this case
becomes: aero’mc Algal growth i3 neghigible.

. Mawtrophz ST has medium algal growth (Le. medium productivity) hypolimnion remains

{ : aerobic aithougb substantial depletion of oxyvgen occurs. .

e' ' . ﬁutrophlc It has fairly high productivity and algal growth. Euphotic zone will partially extent
into epilimnion. Hypolimnion will be anaerobic.

+  Senescent : [t represents a very old lake which has almost becomes marshy.

-
S\J%\; tpphication of Lake
It is a natural process under which lakes get infested with algae and silt up gradually to become

shallow and mere pr oductne through the entry and cyeling of nutrients like carbon. nitvogen and
phosphorus,
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+ The increased phosphate in lake water accentuate eutrophication of lake and this is called cultural
gutrophication. :

¢ Once phosphorus is mixed in lake, only solution is to add lime to it and to dredge out the sediment
at the hottom of lake.

+ To avoid eutrophication lakes should not be used for disposal of even the treated sewage.

of mcrgamc and organsc mch‘er‘ by bcchema (mzcre«argams r'e'spec’rwely Bacteria that oxidise
xidise organic matter are called

heferofmphzc

+ Sewage when disposed in sea may form sludge banks. [t is formed due to the reaction of sewage
solids and dissolved matter of sea. the szﬂphate- rich sea water may give H,S if sewage is disposed
1n 1it. :

+ BIiS standard for waste water e
B0D —

COoD —_

pH —

Fluoride = o 15 mgll

Oil and grease — 20 mgll

v Sewage will be disposed durmg Zow fides only,

Me-this method, the sewage effluent (treated or diluted) is generally disposed of by applying if on land.

Most solids contained in wastewater applied on land are retained in the top 5 cm, while dissolved sohids
flow through. During the _I'neélh residence time in a soil layer, the removal of organic matter occurs.
In intermittentlj aerated soils, the biological degradation is aerobie, while in waterlogged soils, the
degradation may be anaerobic. BOD removal with soil depth follows first-order kineties.

More organic load can be. piaced on a sandy soil than a clayey one. Overl loaded c;mis develop anaer obmay
glogging and ponding of wastewater reduction 1n soil per meabﬂzty is referred to as a sewage sick soil.

Effluent irrigation
In this tvpe, chief consideration 15 successfud disposal of sewage.

Sewage farming

In this type, chief consideration is successful growing of crops. Incase of sewage farming, stress is laid
upon the use of sewage effluents for irrigasing crops and increasing fertihity of soil.
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RIS Standards of Wastewater Effluents te be Discharged on Land for krrigation

'&ﬁﬁaracﬁeristiciconstituent Tolerance limit
, of pifluent wastewater
1 BOD, at 20°C . 500 mg/l
3. Total dissolved solids (TDS) 2100 mg/l
4, Oil and grease . . 30 mi
5. Chiorides (as Ol - ' ... 600 mgll
7. Sulphates L 1006 meg/!
8. Percentage of sodium with respect o total {‘ontent, 0%

of sodium, Calcium. Magnesium and Pazaaszum

Calculaté the population equivalent of a city given that aver age sewage from the city is 95 % 10” litre/
day and the average b-day BOD 15 SOOmgﬁ

Sol. Giverv Average sewage = 95 X 10° litre/day

| BOD, = 300 mg/l
Total BOD, sewage = 300 mg/l x 95 x 10 litre/day
= 28500 kglday

A&,Qume the domestic sewage quanfity 10 be 0.08 kg/ persanlday
Total BOD; in kegfday |

) 0.08
300 mgfl

Population equivalent =

i

BO;UE of sewage

It = 356250

i1

356250 Ans,

“The treated domestic sewage of a town is to be the dischargéd in a natural stream. Calculate the
percentage purification required in the treatment plant with the following data: :

) Population = 56,000

(1) BOD contribution per capita = 0.07 i;giday

(i) BOD of stream on U/S side = 3 mgft

iv) Permissible maximum BOD of stream on D/S side = 5 mg/l

(v} Dry weather flow of sewage = 140 Eitresm per day

(vi) Minimum flow of stream = 0.13 m%s
Explain graphically the process of self purification of natural waters when sewage is discharged there
in,
Sol. Given:

Population = 30000
BOD, percapita = 0.07 kg/day
Total BOD per day = 0.07 ¥ 536000
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= 3500 kglday

Sewage discharge = — e fsec

= 0.081 m¥s
BOD of the mix = 5 mg/l
BOD of the river = 3 mgh
Let BOD of treated sewage be Cy
we know that ' '

Cs x Qs + CRQR _

BOD mix = T+ Qs
Cg % 0.081+3%0.13
- 0.081+0.18
Cs = 8:21 mg/l
BOD of untreated _ 8500x10°mgid
Yo unt1ea?;_e .sewage = 50 000 % 140 Lr’d |
_ | = 500 mgd
Percentage treatment required
500-821
= _"““_i_:“—“mg = 98358/6

= 08.36% Ans.

"iwample 4 &

An environmental survey for a town with population of 30,000 revealed the following Domestic sewage
produced at the rate of 240 litres per capita per day. The per capita BOD) of the domestic sewage being
72 g/day. Industrial wastes produced were estimated as 4 million litres per day with BOD of 1500
mg/L. The sewage effluents can be discharged into a river with a minimwm dry weather flow of 4500
litres/sec and a saturation D.O. content of 7 mg/l. It is necessary to maintain a 1).0. content of 4
mgfl in the stream. ’

For designing a sewage treatment plant, determine the degree of treatment, required to be given to
‘the sewage. Assume

Ky, = De-oxygenation coefficient = 8.day
Ky = Re-oxygenation coefficient = (.3/day
An overall expansion factor of 10% to be provided.

Sol. Given:
Population = 30000
Sewage = 240 litres/Clday
BOD = 72 g/Clday :
Average sewage flow = 30000 x 240 x 7.2 x 108 1Ciday
BOD = 30000 x 72 g = 2160 ke/day

P —
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2160 x 10° o
BOD per lLitre of domebmc gewage = W = 300 mgh

Industrial water = 4 x 10° litre/day
: BOD = 1508 mgfl

7.2 x10° x 800 + 4 x 10% x 1500
7.2x10° +4x10°

Net BOD of mix =

T2x 300+ 4x1500
B 7.2+4

Total waste water é;sc’hcn ge uw gjjii)wilo—ﬁ w 1&‘3 63 Z/sec
} 864010
Tetal w aste waley dzscba;t ge with 10% expansmn
= 1.1 x 129.63 = 142.59 Zfsec
_ River discharge = 4500 Vsec '
Now _ _
initial DO of satx::ra’ted stream water = 7 mgfl
Assime DO of sewage = § mg/l

0x3142.59+ 7% 4500

3x3
12 ; {} 0.43]
Y [T —
Ri L

L* — 243 L + 14049 = 0
L = 1537 mgl
BOD, of mixture
Y, = L{1 -107%0t)
= 15,37 (1 — 100145
= 10.51 mg/l

Let BOD of sewage after 5 davs = {..

DO of mix = 145759 + 4500 = 6.785 mg/l -
: = 6.785 mgll
Initial deficit in DO, D, =7-6.785
= 0.215 mefl
Critical deflczt mDO, Do=7-4=3 gl
. Kg 0.3 3
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_ { Initial BOD - Final BOD B .
N Initial BOD <

‘Degree of treatment required.
seglecting -the espansion factor)

= 2207082 o
{

i

53.03% Ans,

A river before its entry into a town had a discharge of 100 V/sec and _2{} mg/l as the concentration
of a conservative parameter. The town’s waste water outfall having 200 mg/l {(twe hundred mg/)
concentration of the same conservative parameter raised the river concentration of 50 mgll after a
complete mix with the river water. Determine the dilution ratio resulting from the discharge of the
said waste water outfall. ’ o
Sol. Given: River discharge Qg = 100 Vsec _

River conservative parameter Cp. .20 mell... .

Sewage conservative parameter CS' = 200 mg#

Mixture conservative parameter C = 50 mg/{

Let sewage discharge = Qg

Q.. =
mix (%S +QR

_ 200G +20 %100

_ 50 Qg +100
= 50 Qg + 5000 = 20 Qg + 2000 : s I
150 Q = 3000 ' 0o L
Qe = 20 lsec {,g’»ﬁv&,\b |
g , Qp + Qg &
Dilution ratio = — ;
Qs
100420 120
T 20 g0 °F
1

A large stream has a reoxygenation constant of 0.4 per day. At a veioéity of 0.85 m/s; and at the point
at which an organic pollutant is discharged, it is saturated with oxygen at 10 mg/L. (D, = 0). Below
the outfall, the ultimate demand for oxygen is found to be 20 mg/L and the deoxygenation constant
is 0.2 per day. What is theD 0. 48.3 km downstrearm?

- =i s o L . :
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Sol. Given: Ky, = 0.4/day
Velocity of river V.= 0.8D mfs
Saturation DO = 10 mg/l
time vequired for certain amount of DO 48.3 km downstream is given by

Distance downstream

~ Velocity of flow in large stream

B i = 56893 53 g00

56823 5&
P =0. 8:}7; day

Thel).. deficit after time ¢

D, = i ot jo-kre] F(Dy x1075R%]

0 9 x 2.{)
_D‘ 0.4-02"
= 20 % 0.1927 + ¢
= 3:85 mgll
DO at 48. 3 km down stream = 10 - 385
= = 8, 15 mg/l

( O-v" OXG 63 T 1 Ow{-}.-{x{}.ﬁﬁ’ﬂ ] + (0 » 10-@.4'&0.657?}

“The BOD rate constant (K) for a river's BOD assimilation was determined to be 2/day (base e). The
BOD of this river after leaving a heavily populated town was determined to be 56 mg/l. Determine
the distance after which the rivers BOID would become 4 mg/l when the average velocity of river was
1 m/s. What would have been this ‘K value if the dzqtance would have been 300 km and state what
K manifests. , :

A B

!

i
1 mfs —>

Sol.
1. Amount of organic matter at AJ and B will be (irffewnt as they will get oxidised while water moves.
from A to B.

= Llrlmate BOD at A and B will be different (when BOD is given we infer that BOD, is given).
(BODY)\ 4 I.J)\{:l " emgr_;;)

] _Eii}w ‘1

Also L, = Le**
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2 Lg=Le®t o =12628 u:iays
3. D1s£ance = 108.11 km
4. If distance had been 300 km

1 (4) '390x1000

™50)" K Txgeaop = K = 0.7274/day

: % mumupa! wastewafor~t1 eatment plant discharges secanda:y effluent to a Surf’ace stream. The
worgt comixtmns are known to occur in the summer months when stream flow is Jow and water
temperature is h1gi} Under these conditions, measurements are made in the laboratory and in
the field to deter mine the characteristics of the wastewater and stream flows. The wastewater is
found to have a maximum flow rate of 15,000 m¥day, a BOD {at 20°C standard temper ature) of
40 mg/l; a dmsolved oxygen conceniration of 2 mg/l, and a temperature of 25°C. The stréam
{up%tream from the point of wastewater discharge) is found to have g minimum flow rate of 0.5

m¥s, a BOD, (at 20°C standard temper‘zture} of 3 mg/l, a dissolved oxygen concentr atzan of 8 mg/
I, and a temperatur@ of 22°C. complete mixing of the wastéwater and stre eam i almost
instantaneous, and the velocity of the mixtare is 0.2 mfs. From the flow reglme the reaeration
constant is estlmated t6 be 0.4 day™! fer 20°C cendmonq And deo*{ygenatmn constant to be 0.23/
day at 20°C. Take the saturation D.0 of the mix to be 8.7 mg/l at mix temperature. F'j nd
where the min D.0 will occur. : R g

SQL..l.:I}.et.ex_;mmg,.clz_arac__tex;lst_:i__cs of wastewater-siream mixture.
o TR
= 15,000 % —xtx L.
@) Q“‘ 2460 60

an 0114 + 0.5 —{)674 m%
() BOD

_ 3.0x0.5+40%0.174

=19.552
0.674 me/l

Convert to ultimate BOD.

{¢} Dissolved oxygen:

I - e
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1 k b~k
U R— WA [ SO i S —A
@t = Z‘“[kd( b koL, ”

Do - 8.0x0.5+2.0x0.174
e 0,674

2. Correct reaction constants for temperétﬁre.
{a) BOD reaction rate
i‘:gg,g : kgﬁ(..]...g'i?m'& - 20)

=023 x 114
k

298 0*?1‘6{1“1_ = ky
(b} Stream reaeration rate

Kypg = ag{LOLEZEI i

= 0.4 x 1.05

kypp = 042471 =k

3. }‘_):.eterm'ine initial oxygen deficit D,

(a) At T = 22.8, the satufatien concentration of oxygen in fresh watef 18 8.7; therefore
D, = 8.7 ~ 65 = 2.2 mg/L |

4. D'etermirile the critical deffi_cit and its location

1 {0.42 0.42-0.26
= 15 Rttt B W it
0.42-0.26" 10.26\ 0.26x18.2)

t,=254d
This eondition will occur at a distance of
x o G2 % B6,400 x 2.5

= 43:2 km downstream from point of discharge
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"QUESTIONS

L An industrial waste water enters a stream having a BOD concentration of 10 mg/ls and a flow of
: 20 m¥s. If the flow of wastewater is 1.5 m%s and its BOD concentration is 250 mg/L, then the BOD
concentration in the stream at a point downstream of the point of confluence of wastewater with
the stream will be
(a) 2.67 mg/l. B 12.09 me/L
(¢} 13.00 mg/l. ) 26.74 mg/L

2. Eutrophication of water bodies is caused by the

(a) discharge of toxic substances

®) excessive discharge of nutrents

(¢} excessive discharge of suspended solids
) excessive discharge of chiorides

8. Self purification of running streams may be due t¢"
(@) sedimentation, oxidation and coagzﬁatﬁiiﬁi}i
() dilution, sedimentation and oxidation
(¢} dilution, sedimentation and coagulation
) dilution, oxidation and coagulation

4. The following zones are formed in-;a_' pbli ed':f:z:z'_ver
1. Zone of clear water o
2. Zone of active decomposition .
3. Zone of recovery R
4. Zone of pollution

The correct sequence in which these zones occur progressively downstream in a polluted river is

() 4,2 1.3 ® 4.2 3. 1
) 2,43 1 L @ 2413

&

‘For fish habitat i
{a) 2 mg/L ”
&y 8 mgll, .

5;{!51{;:;}1(& minimum dissolved oxygen required is
: B 4 me/L, .
() 10 mgsl,

6. When a sewage is dzs;i&éed off in a river, the rate of depletion of dissolved oxygen of the river mainly-

depends on

{2} blcchomz{,al ygen demand of the sewage
b chemica}'_'{ékygen demand of the sewage

{¢) total organic carbon present in the sewage
{dy dissolved oxygen present in the sewage

7. From ecological considerations, the minimum level of Dissolved Oxygen (DO) necessary in the rivers
and streams 1s ' :
() 1 mg/L _ by 2 meg/l,

©} 4 mg/l d) 8 mg/L
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8. Which one of the following sets of processes is 2 part of self-purification of streams?

(a) Settling, bio-degradation and desalination

(b) Settling, bie-depradation and aeration

¢} Floatation, ion exchange and desalination

{d} Desslination, ion exchange and reverse osmosis

9. When sewage enters a flowing river, the rapid depletion-of dissolved oxygen is due to

fa) change in temperature in river water

{b) the suspended particles in river and waste :
{c} respriatory activity of aquatic plants in the river
Y microbial activity :

10. Sewage may be disposed of without treatment :ézﬁ;e_ai_ Wa#ér hody 1if the svailable dilution is

: (g} less than 150 b more tha;i_i' 150
4 : {¢) more than 300 @) more L}zcm 500
; ; 11. When wastewater is disposed of into a running stream. {our zones are formed. In which one of the
I } following zones will the minimum level of dissolved oxygen he found?
g { (a) Zore of degradation (b} Zone: of active decomp031t10n
(¢} Zone of recovery (d) Zone of aledz water
172. Assertion. (A) LK. Roval (‘ommlssmn on Sew age Dlspasai of 1898-1915 classified British rivers
> on the basis of 65°F, 5-day BOD
f Reason (R): British rivers do net have flow time to open sea more than 5 days.
13. A municipal sewage has BOI) of ‘?(}(} megfl. It is proposed to treat it and dispose off into a marine
environment. For w hat mmzmum éfficiency should the sewage treatment plant be designed?
(a) 85% ) 60%
i;; © 5% S @ 3367%
14. Effluent from a wastewater treatment plant (flow rate = 8640 m*4d, temperature = 25°C} is discharged
to a surface stream (flow rate = 1.2 mYs, temperature = 15°C). What 16 the temperature of the
stream after mixing? . '
: (a) 10°C o (b} 15.77°C
r 20°C. . @) 24.99°C
15. In a certamn situation, waste water discharged into a river mixes with the river water instantaneously
and completely. Following is the data available:
Waste water DO = 2.00 mg/l _
o Discharge raté = 1.10 m¥/s
River water DO = 8.3 meg/L
N Flow rate = 8.70 m'¥/s
Temperature = 20°C ;
' - Initial amount of DO in the mixture of waste and river shall be
(2} 3.3 mg/l, (h 6.5 mg/LL
. €y 7.6 meg/L dy 8.4 mg/l.




44 - ENVIRONMENT

16. Assertion (A} : The ROD ge'ts removed at a very fast rate immediately after sewage i dj.scharged
intg a river. _ o .
Reason (R) : A part of the BOD in the sewage 1s due to settled organic matter therein.

- 17. Consider the following statements -
The time of BOD assimilation in a stream can be affected by

1. Ratio of stream width to flow depth.

2. Stream BOD value 