Waste Water Characteristics

ilNTRODUCTION

When unirealed sewage is discharged inlo river stream, floaling solids present in the discharged
sewage gel decompose and create loul smelis and bad odours,

The organic maller present in lhe discharged sewage consume the dissobed oxygen of river siream
in getling oxidisad and decreass Ihc dissolved oxygen causing fish kills and othnr undesirabin
elfects. :

Waste watar are usually classified as ndustrial wasle water or municipal wasle water

Indusirial v/asle water with characterislic compalible with municipal viaste waler is aften discharged
into the municipal sawers.

Many industrial waste waler reouire pretreatment 1o remove non-compalible substances prior 1o
discharge inlo Ihe municipa! sysiem,

Water collecied in municipal waste waler sysiem canlains wide variely of contaminans.
Commonly found conlaminants witly their source and environmental significance are gwen below.

Tahlo: 1.1 Importanl wasle water conlaminanis

SL.No.| Contaminant Source Environmental Signlficance

1 Suspended Saolids Domaslic use, | Cause sludge deposils and
i {ndusltialwasles | anaerabic condilion in. aquatic

[

T D . B __erlv_irgme_m B

2 Biodegradatie Domestic use, | Cause blologlcal degradation

.. .|Qrganles | Indusuialwastes T .
3 ) Pathogens Domestic waler Transmit cammunicabla diseases
-4 Nul;icn;s ' qu;!s;llc. ::g'n_d ' C;g,us;!,t;,u,!z,uphlcallon N

Induslriatwaste

"5 Refractory Organics | Induslrialwaste | Cause taste and odour problems

Hence forils safe disposal, it is very necessary la sludy Ihe characteristics and Lehavicr ¢l sewacy:



NOTE: Even lhough munTcnpal sowage is 99.9 percent waler, il requires roalment, if numance is 10 be

avoided.

1.1 Characteristics of Sewage

The qualily of sewage can be checked and analysed by sludying and lesting ils physical, chemical and
bacleriological {biological) characlerislics.

1.1.1  Physical Characteristics of Sewage and thelr Testing
The most important physical characlerisiics of waste waler are

() Turbidity

{i) Colour (i) Odour’ {iv) Temperalura

G} Turbldity ' T

L

Sewage is normally turbid, resembling dirly dish waler or waslc water from baths havmg other
ligaling matler like laecal maller, pieces of paper, cigarelle-ends, match-slicks, greases,
vegelable debris, fruil skins, seaps, etc. The lurbidily increases as sewage becomes stronger.

Turbidity is measured pholomelrically by determining the percentage of light of agivenintensity
\Natis eilher absorbed or scaitered. -

It 15 expressed as the amount of suspended solids in mg!L or ppm-(parts per million).
The degree of urbidily can be measured and tested by
(i) Turbidily rods (i) Turbidimeters

NOTE

1) Turbidlty rod consists ol an aluminiumn rod which Ts graduated, as to gwe the tur‘mdaly in
silica units. . } :

(i) Twrbidimeler works on the principle of measuring Lhe interlerence caused by water sample
lo the passage of !ighl rays. .

{fi} Colour

The colour ol sewage cannormally be detected by the nal»ed eve and it indicates the freshness
ol sewage,

I colour is yellow, grey or light brown ilindicales lresh sewage and il the colour 18 black or dark
brown ilindicales slale or seplic sewage.

Some induslrial wasle water may also add colours ID the domeslic wasle water.

The comman melhed of colour removal is by coagulalion lollowed by sedimentation.

NOTE: When all the oxygen has disappeared irom sewage, it becomes septic

(iii} Qdour

.

Fresh sewageis praclically odourless.

Odour in wasie water usually is caused by gases produced 'by the decomposition of organic
mater.

The most charactenstic odour of stale or sepuc wasle waler i Ihat of hydrogen sulphide winch
is produced by anaerobic microorganisms Ihal recuces sulphate lo sulphides,

The extent of odour present n a parlicutar sample o waste water is measured by a term called
adour inensity, whichis refated with the Threshold Odour Mumber (TON).

NOTE: Threshold odour number, represents the number of dilulions required o reduce an odour.

{iv} Temperalure

+  The lemperalurs of wasle waler is commonly higher than that of water supply because of agdilion
« of warm wasle from households and indusirial activities.
« The average lemperature of sewaga in India is 20°C, which is near about (he ideal temperature
for the biologicat activilies,
« Thetemperature of waler is very important parameter because of ils effeci on the aquatic iife, ihe
chemical reactions and reaclion rates and suitabilily of the water {or benelicial uses.

!

1.1.2 Chemical Characteristic

Chemical characieristics are result of the solvent propertics of water and they are often imporiant in
specifying water quanlity. Imporiant chemical characieristics of waste water are tisted below:

(a) Total solids, suspended solids and setieable solids {b) pHvalue

{c}) Chloride content {d) Nitrogen content

{e} Presence ol lals, greases and oils {l) Sulphides, sulphales and H,S gas
(g} Dissolved oxygsn (h) Chemical oxygen demand (COD})
{1} Theoralical oxygen demand (ThOD} () Totalorganiccarbon

{k) Bio-chemical oxygendemand (BOD;)

{a} Total Selids, Suspended Soilds and Settleable Solids

Solids present in sewage may be in any of the four forms, suspended solids, dissolved salids,
colloidal solids and sellleable solids.

Suspended solids are those solids which remain Boating in sewage.

Colioidal solids are finely divided solids remaining either in selutian or in suspension.

Sellleable solids are that portion of solid matter which setlles ouy, if the waste water is allowed lo
remain undisturbed for a period of 2 hours.,

NOTE: It has been esfimaled lhat about 1000 kg of sewage contains aboul 0.45 kg of total solids, out of
which 0,225 kg is in solution, 0.112 kg is in suspension and 0.112 kg is settleable.

The solids in sevage comprise of both: the organic and inorganic solids, which is about 45 and 55

percent of tolal solids respeclively,

Irorganic matler consist of sand, gravel, dabris, chlorides, sulphales ete.

Organic matter consist of

»  Carbohydrales such as cellulose, collon, fibre, sugar eic.

+  Fats and oils from kilchen, garages, shops etc.

*  Mitrogenous compounds like proteins, uréa, lally acids eic.

The amounts of vhn‘ous kinds of solids present in waste waier can be determined as loliows:

(a} Total amountof thd.. can be delermined by evaporating 8 known volume of wasle waler sample
and weighing the dry residue lelt. The mass of residug left divided by the volume of sample is
lotal solids in moff.

(b} The suspended solids also called non-filuabie solids, s they are retained by a filter of 1 pm
pores. Their quantity can be determined by passing a known volume of sewage sample fhrough

* glass-fibre filler apparatus and waighing the dry sesidue lelt and dividing by volume of sample
Mered will give suspended solids in mafl.



{b} pH Value

»

{c} The difference between the tolal solids {8,) and the
suspended sclids {5,) represent dissolved solids pius
calioidals or fifterable solids (5,)

ie. 5,=5,-5,

Now the total suspended solids (S, may either be volatila

or lixed. Lel the volatie susgendw sofids concenlration
be S (mo#).

S,- S, = S, will represent he fixed soiids gy
Tne quantily of setlieable solids can be determined using .
fmhoff cone. Wasle waler is allowed o stand in the cone
for two hours and the quaniity of solids settled down in the .
botiom is directly read out, which gives an approximate
amount of sefticable solids.

{d

-

(e

<5

Fig. 1.1 imhoffcone '
{Conical Glass Vassel}

The pH value of sewags indicales the negative log of hydragen

ions concentralion presentin sewage.

ie pH = ~log H* or H- = (10) "

The determination of pH value is vary important, as il gives an idea aboul cenain Ireatments which
depends upon pH value.

The pH value can be measured by the halp of potentiomeler which measure tho electrical potential
exerlad by the hydragen ions, and thus indicaling iheir cancentration.

NOTE: The hesh sewage is generalfy afkaline in natre {wilh pH mora the 7) but as time passesils pHlends
o lg!i due 1o production of acids by baclerial action in anaerobic or nitrification processes,

(g Chloride Content '

(d}

Chlorides are ganerally present in municipal sewage and are derived fram the kilchen was les, human
fasces and urinary discharge elc.

The normat chiloride content of domeslic sewage is 120 mgi, however, large amount of chlpriges
may enier iramindusiries fike ice-cream plants, meat saliing etc. ihus increasing the chioride content
ol waste wate: .

The chicride canient can be measured by titrating the wasle watet with standard sitver nitrate solution.
using polassium chromale as anindicator.

Nitrogen Content i .

The presence of nitogen in sewage indicales tha prasence af arganic malter and may occur in one or
more of the following lorms.

(&) Froe ammonia called ammonia nitrogan {indicates resent poliutian).
) Alouminord riiragen caliee arganic nilregien indicates Guaniity of nitrogen belore decornposition
has started) :

{c} Milmtes (indicates pariy decomposad conchition),
{d} Witrates [mdrcalés old poliuton {fully oxidised)]

NOTE: Lack of nilrates causes the body lo turn bluish, it may lead the child to lurn blue. Hence, Lhis disease,
poputarly called bluc baby diseass or mathemoglobinena,

(e Presence of Fats, Oils and Greases

Greases, lats and oils are derived in sewage (rom the discharge of amimals and vegelablo matter or
fromindustries like garages. kitchen of holels and restaurants elc.

Such matter form sgum an the tog of ihe sedimentalion tanks and clog the voids of the fillering
media. Therefore, they interfere wilh the normal realment methods, and hence need proper detection
and semoval. .

Fatls and oils are compounds of zlcahol or glycerol with tally acids.

The amounl of fats and greases in sewage sample can be determined by evaporaling it and then
mixing Ihe residual solids lefl, wath gther (hexane). The solulion is then poured off and cvaperated.

" leaving behind the fats ana greases as residue, which can be easily weighet.

i) Sulphlides, Sulphates and Hydrogen Sulphlde Gas

Sulphides and sufphaies are formed due 1o the decomposition of various sulphur coniaining substances
present in sewage.

This decomposilion also leads io evolution of hydrogen sulphide gas. causing bad smells and
odours, besides causing corrosion of concrate sewer pipes.

The aerobic and facullative bacletia, oxidise the sulphur and s compounts present m sewage o
inilralty form sulphides, which uliima‘ely breakdown to form sulphate ions (S0O_7). which is a slable
and unobjectionable end product.

(g Dissolved Oxygen (D.0)

Dissolved oxygen present in sewage is very imparant for raspiralion of aerobic micro-organism as
well as for all other aerobic life larm.s, ‘
The dissolved oxygen in (resh sewane degends upon temperature. If the temperatuic of sewage is
more. the D.O. content vl be iess.-taximum quantity of 0.0, that can remain mixed in water ata

‘panicuiar temperature is called Saluration Dissoived Oxygen.

The D.O. content of sewage is gencrally determined by the Winkler's Method.

NOTE: The soiubiﬁly of oxygen in sewage is 95% af that in diztlled water.

Do @, 1. lis neccasﬂry 10 ensusa at l2ast 4 ppm of dissoived oxygenin discharged treated sewage,
You & otherwise lish are hkely i b wlied
Know é 2. Dissolved oxygen is desrotie in drnnking water bul it is usually removed from boiler foed

walers becausa of the manner in which it accelerales corrosion of mgials.

(hi Chemleal Oxygen Demand {COC)

The COD testis vsed lo maasura ove content ol argamic matkar of waste valer, Lo hiodgyradable
and nan biodegradable

The oxygen eguivalon of arganic neizzhat ean be oxigised is measuacd by using & shiong chernical
oxidising agentin an agidiz izl [Patasswm dichroniale has heen louns to be-exeollent far his
purpase (1€,0r,3,)] N
This tesl is also called chehromale -oxygen demzna test



1} Theoret(cal Oxygen Demand {ThOD)

The oxygen required lo oxidise the organic malter present in a given wasle waler can be ltheorelically
compuled, it the organics present in waste waler are known, Thus, if the chemical formulas and the conceniration
of the chemical compounds present in water are known, e can easily calculate the ThOD of each of Ihese
compounds by writing the balanced reaction {or the compound with oxygan to produce C0,. H,0 and oxidised
inorganic components.

Remember: For most practicat cases COD = ThOD (taken) [However, generally COD > ThQD » BOD » TOC]

)] Total Organic Carbon
Itis another impartant melhod ol expressing organic malter in terms of its carbon content.
o

(k) Bio-Chemlcal Oxygen Demand

The organic matter is of lwo lypes :

{a)  Biclogically aclive or biclogically degradable (b} Biologically inactive

* Biochemical oxygen demand Is used as a measure of lhe quantity of oxygen required for oxidation
ol biodegradable organic matler present in water sample by aeroblc biclagizal action,

* Oxygen demand of wasle water is exerled by Ihree classes ol materials
(&) Carbonaceous organic materials,
{b) Oxidisable nitrogen derived from nilrite, ammonia and alher organic nilrogen compounds which

serves as food for specilic bacleria (Nilrosomonas and nilrabacler).

{c} Chemical reducing compounds &.g. Fe?', SO§ (sulfites), $2- (sullide) which are oxidised by

dissolved oxygen.

*  For domeslic sewage. nearly all oxygen demand is due to carbonaceoue organic malerial and is
determined by BOD (esl.

NOYE When the nitrogeneous matler is also to be removed intrealment process, Nilrogeneous demand

is also Jound out. This is called N-BOD {i.e. O, required for conversion of nitrogeneous malter

to nilrale). Removal of nilrogen from the systern is achieved by tst oxidising the nilrogeneaus
organic maller 1o nilrale (i.. nirilication) and then denitrifying the nitrate to refease rivogen
gas (N} which goes cut of the wasle water.

«  BOD test conslitutes the most importam test lor wasle waters and is discussed below:

{i) I sulficient oxygen is available inwaste water, the uselul aercbic bacleria willficurish and cause
the aerobic biological decomposition of waste waler, which vill continue until oxidation is compleled.
The amount of oxygen consumed in This process is the BGD. )

(i} Hence the BOD of water during & Days al 20°C is generally taken as the standard and is about
6B8% of the total demand. A 10 days BOD is about 90% of the folal.

i) This slandard 5 day BOD, is vitten as BOD, or simply as BOD and is determined in the
laboratory by mixing or diluting a known volume of a sample of waste water with known volume
of aeraled pure water and Ihen calculating the D.0. of this diluted sample. The diluted sample is
then incubated for 5 days at 20°C. The D.0. of dituted sample afler tis period of incubalion, is
again calculaled. The dillerence between the initial 0.0. value and tha final D.0. value will

indicate the oxygen consumed by the sewage sample in 5 days. The BOD in ppm is then
calculated by using the equalion.

D.0. consumed in the volume of the diluled sample
test by ihe diluled sample | volume of the undiluted sewage sample

The faclor in the bracket is called dilution {aclor

BOD or BOD; =

NOTE: Samplo is diluted wilh dilulion waler sg hat sulficient oxygen is available during the incubation pariod
ol 5 days

'
N N L £,=1, atr=0{o. atslon
« The lirst demand occurs due lo the oxidalion of organic Theta fa. atston)

malter and is called carbonaceous demand or first stage
dernand orinitial demand and the laler demand oceurs due
10 biological oxidalion of ammonia. and is called
Nilrogeneous demand or second stage demand. Thelerm
BOD is usually used to mean the first state BOD i.e. the
demand due 1o the presence of Catbonaceous malier alone. 5

+ Nitragenous demand slaris only aller 5-8 days because Aoy G
the reproduction rale of nitrefication bacteria is slow. t=0

—

Amount of orgarle
matior prasent (L)

3
¢ Yina ndiys {f} —=
Flg. 1.2 IstS13ge BOD curve

NOTE Nitrilicatlon bacleria are autotrophs. They derive carbon for their growth from CO,,. Hence they
i have lo spend energy in reducing "CO,’ lo C. Thus energy available for their reproduclion is
less, thareby growth rale is less. Carbonaceous matter oxidising bacleria are helerolrophs,

They derive carbon from organic matter directly. Hence enargy is nol spent in geliing carbon.

thereby their reproduclion rale is more.

Reactlon Kinetics
Al! acenain lempearature, the rale of deoxygenation is assumed to ba directly proponional 1o tha amount
ol grganic maller present in sewage at that bme. i.e,
dl, ;
pada A ()
o L, {0
vihere L,= oxygen equivalent of carbonaceous oxidisable organic malier presentin sewage alter tdays

(rom the stard of oxidation in mgff.

{=time in days 1

k = rale constani gignilying the rale of oxidation of organic matter and il depends upon the nature of
organic matier and lemperalurle ls unitis per day.

lnlegralmg equation (i}

a, ¢,
I - J-kat
T logely = ~ki+C it

" when { = zeroie. atstan L, = £. Subsliluting in equation



log,L = K0} + C
or C =log,L
.~ From eguation {ii)
fog,L, = - ki +10g,L
o fog,L,~log, L =~ ki
o !oga% = - ki
I ’
o 23 !ogm% = - ki !
i

k-1 . -

o . Iogm—LLi =33 =~0 439 kr

using 0.434 k= Kp, where Kpis the Deoxygenation rate constant of more stricily, the BOD rate constant
{on base 10}at the given temperalure

B, : 8,

- !agio.l.'- = ‘-Kn! Y, _}.’._.___,,__....
L ’ s -
[ - ~Xp 1 ‘ <o [
l L’ ~. L{XO} ! o) £ Temperalura .
. z LRI
Now. Lis the organic matler present atthe startol g
o

BOD reaction and L, is the organic matter left after
t days {Fig. 1.3} ) o
8D = L-L, = L-L(10)7

1BOD) = (1107 |1

The value of K, determincs the speed of the BOD

Tima, days {f) ——
Fig.1.3 80D exmtionasafuncionol&,

Table: 1.2 Typical Values of X al 20°C for
Various Types of Walers and Wasle water

reactiov.l. withoul influencing the ultimate BOD. Rt is fcmid tro Watar Typo K, valua par day
vary with temperature of sowage and this relaucnship is
approxirpalely given by tha equation. Tap watars <0.05
Koy = KD@,}E‘E,OJ?‘]LN . () Surface waters 0.05- 0.1
Munid tewal 0.4-015
Ko 0y = Decxygenamnwr‘slant at 25°C. itpumencal unicipal wastewalars
vatue vaaes between 0,05 1o 0.2 par day, depenaing | Treated sewage effluents 0.05-04

upenthe nature of the organic matier present n sewage,

Simple compounds such as sugars and starches are easily utilised by Ihe micro- organism and have a
rugh K rate, while complex molecules such as phenols are dilicult 1o assimilale and hence have low K,
values, Some typical Kpvalues are givenin Table 1.2,

Koy = Deoxygenation constant at\cmporature 7°C.

= Equation {v) shows that K, will be higher at higher temperature, whichmeans that the speed at which
BOD is consumed in the oxidation of the organic matters 1s higher at higher lemperature. This mean
hat the entire carbanacevus orgamic mattes wll get urichsed quickly and in lesser ime al higher
temporature.

«  Equation (iv}is called the first Siage equalion of BOD reaction and is prcsenied by the curve GABIn
tigure 1.4 below.: oo

QA = 15t slage or carbonacoous

dernand or 154 sings HOD
curve c
AC = 2nd state or Nitrification '
BOD domand 2nd stage BOD {nilnfication
inppm | OAC = Curva for combined demmand) catied Nitrogrenous
(Y demand o combined Oxygen Demand (HOD) or
BCD cuno : Nedrogenous Biochernical
i Oxygon Oomand (MBOD)
A a8
T T l
' | Y= sl diage BOD (Carbonaecous demand) called Biozhcirical
' B Cxygen Demand (BOD) or Carbanaceous Biechemica! Oxygen
: ' Domand (CBOD)
! :
o =t Timoipdays () ——

Flg. 1.4 Dilferert BOD stages with time

* The portion AC of the curve represent the nilrification slage which follows the carbonaceous stage.

56 thal the BOD curve for the complele oxidation is represented by OAC.

NOTE () The equalions given is only for the first stage BOD and have nothing lo do with the second

. stage BOD
(i) Values of 5-days 20°C BOD of municipal waste waler generaliy vary betveen 100 10 500 mgf.
' [
Yarie in day 12 e
r — EOD mp ] ./mf_[
Kp=2612

“E . =" Slopo=A=tant
B |
where, A = Slope of ling ‘

B = Inlorcept of the line on y-axis -~ I tiin days —-
Fig. 1.5 Relation between KoandTme (In days)

Estimatlon of K, ' [

For a wasle. (he 5- day BOD at 20°C Is found to be 200 mg/L For 1he sama

wasle 5- day BOD at 30°C will be
(a) less than 200 mg/L
(6) 200mgl. |

(b) more than 200 mg/L
{d} =zero, as the bacleria cannol withstand such
a high temperature
Ans. (b)
The clfect of temperature on BOD can be approximalely given by the Yan't Holl-Arrhenus rnodels:
Ky = €, 01.047)
At : T=130°C. £ = K,

BOD. s = Lo ("' E’_K‘.r)

BOD:zn o > BODsz e



_——— e -

The ullimate BOD value of & waste

(a) Increases with temperature {b) decreases with tamperaturs
(¢) remains the same at all temperatures -~ () doubles wilh every 10°C rise In tlemperature

Ans. ()
Uliimale BOD represents the bnodegradableorgamc malter, so il veill remain unchangcd

For & wasle waler the BOD; at 20° Is found ta ba 200 mghr For same waste
BOD, at 30°C will be? The reaclion constant 'K’ ({o the base 8} is 0.2 per day.

Solutfon: ' Ly
BOD, 3t20°C = L1 - e¥*5]
BOD,at30°C = {[1- ™9

L,= 80D, . {Remain constant}
200 = L1~ ‘ LA
BOD, = L[1-e7F] ) iy

From{i) and (ii}
200 BOD,  1-e™ pop,

1=e ™ T 12 T 5% T 0
Bul, v K’ = K{1.047/0-%=0,2{1.047)'° = 0,316
1-2.72° 0381 ng1o7
<l D = 200 = = - = B
= O [ PRPYTETE: 0632 % 200 1.93>89 molf

1.2 Population Equivalent
* Average standard BOD ol domestic sewage is BO gms per person per day.
= The number of persan which produce the amount of BOD al the rate of 80 gms per person per day
equal o that produced by induslrial sewage is called populalion equivalént of industrial sewage.
* Industrial waslewater are generally compared wilh per capila normal domeslic waslewater, o as lo

rationally charge the induslries lor the population caused by them. The slrenglh of the induslrial
sewage is, thus worked oul as below.

Standard BOD (5 days)] [Standard 80D {5 days) of domestic N Pppu!ation‘
of industrial sewage "~ | sewage per person per day equivalant

* The average slandard BODS ol domeslic sewage is worked oul 1o be about 0,08 kg/day/person,
Assume. BOD, of sewage coming from on industries is worked out as 300 kg/day, then

Tolal BOD; of the industry in kg/day _ 300 9750
0.08 ka/day/person ‘ 008

= The population cquivalent =

Example 1.4. " [RCIL: t(om an unseeded durnesuc: wasle waler BOD lesl are : 5 m! ol was!e in

300 m{ bottle, Initial DO, of 7.8 mg/, and 5 days DO equal o 4.3 mg//, Compuie ;
(a) the BOD; and (b} the ultimate BOD, assuming a &-rate of 0.10 per day |

Sofution:

{a} Initial D.O. = 7.8 mpit ’
D.O. aller 5 days of incubation = 4.3 mg//

~ DO consumedin5days = 7.8 - 4.3 = 3.5 mg#

vol. of diluted sampie }

BOD, of wastewaler = D.O consumed by diluled samplex [m. of ndiluted sewage Used

= 3.5 mgil x [300 mf
S5mt

] 210 mgf!

{b)  Now,using equalion ¥, = L(1- (102"}, we have

( 10"‘“” \y Wwhere, K,=0.1perdayand ¥, =

210 = L[ (o™=t [‘-

1
{10)115
210

= e 4 = .
o O.G&img'! 307.1 mgit

210 moit

} =1[1-0.316]=0.684 L

A centaln waste has a BOD of 162 mp/L and its flow Is 1000 cublc malres per
day. If the domestic sewage has a BOD of 80 gram per capila per day, than the population equivalent
of lhs waste wauld bs

{s) 20.25

Ans: [¢)

(b} 1296 {c} 2025 {d) 12980

162,000 giday

Daily BOD contribuled by waste = 162 x @g&lo_ﬁ

Population equivaient =

1_6%(}9 = 2025 persons

NOTE: The populalion equivalent, thus, indicales the sitength of ihe industrial wastevzater for estimeting the
reaiment required at the municipal treaiment plant

EXSITRI - cairy processing abowt 1,33,000 kg of mitk dally produces an average of 246
cuble matre per day ol wasle waler with a BOD of 1400 mgiz. The princlpal operations ere boltiing of
milk, and making ice cream, w‘ilh limiled production of chease. Compute the waste waler flow and BOD
per 1000 kg of milk recewiad and the equivalent population of the daily wasle discharge.

Solution: |

Daily milk processed = 1,33.000 kg
' Daily wastewaler produced = 246m?
BOD of wastowaler = 1400 mghf
Evidcmly

» 1000 m* = 1.85m°

24
YWasle: valet preduced per 1000 kg of milk = g
133000

[

i

H
1




BOD of the waslawater = 1400 maft = 1406 < 10° mgfcum

1400 % 10° 1400 x 10°
1000 greLm= 10% < 10°
Hence, BOD produced per 1000kg olimilk nrocessed
= 14 1.85kg = 255 kg
Dally BOD produced by 246 m? of wastewatar
=14 kg/m3 %246 m3 = 344.4 kg.'dasf
From equalion, we have !

BOD ol industry in kgfday _ :344 4
ong 0

kgfcum

Poputationequivalent =

= 4305 persons

NOTE: The da}ry is producing as much poliution a5 Is likely to be praduced by 4305 persons.

1.3 Relative Stability '

The term relative stabilily of a sewage efiluent may be defined as the ratio of oxygen available in tha
effluent {as D.C., nitrite or nitrate} to the 1o1al oxygan required 1o salisly ils first stage BOD demand.

Itis expressed as percentage of the (o1al oxygen required, and can be expressed by the equation,

Relative stability = S = go[1 - (0,794)’-“]

or, $ = 100[ 1~ (0.630)" |

vhere, S = The relalive stability, . @nd 45y represent the ma in days for a

sewage sample lo decolourise a slandard voluma of mathylena blue solulion, when incubated at 20°

ar 37°C respectlively.

The decolourisation caused by the enzymes produced by anaerabic bacleria, infact, is an md calion of
the avaoilable oxygen in oxidising the unstable organic matter.

‘Remember: The above test for determining relative stability s suitable only in case of polluted stream water
or sewage efflvents and not sullable for raw sewage.

;_E't:iinl":!e SR Bl 11 the periad of Incubation is 10 days al 20°C In tha relative conductivity test on
- sewags, calculate the percentage of relalive stability. ¥ :

Solution:Using equalion, we have
Relalive stabiity = § = 100[1-{0.794}'&?¢1] ;
where {;, = Time in days lo decolowise a standard vol. of methylane bluc a1 20°C = 10 days (given)
- - s=1001-(0794)"]
= 100[1 :0.0995375] =80.04% !

1.4 Ratios
8OD

. ——Ratle
1.41 oD

Ultimale BOD (BOD, ). as we know, is the oxygen required for oxidising the Biodegradable Organics ofa
given wasle water.

»  COD, on the other hand, is the oxygen required 1o oxidise the Biodegradable Organics (BO;) as
well as e Non-Biodegradable Organics (NBOI ) both,

+ COD of a wasle water-will, lherclore, always be more than its BOD,, since lheir dilference will
represent the quantum of NBO presentin given v/astewater,

+ The

BOD,
oD ralio will, therelore, always be less Ihan 1.0, but this value shall approach towards 1.0

with the decreasing amaunt of NBO, .

e 1his ralio Is found {o be bewween 0,92 0 1.0 the wastewater can be considered o be vinually fully
biodegradable. . . : i :

'féinarhﬁ!e_ bR \What will be the maximum upper limit of BOD of a glucosa solution of
concentrallon 303 mgft.

80D,
:Since th
Sofutfon: Since lhe TOD

80D value can be 1aken as aqual 1o the valug of COD. Moreover, the value of COD, can ailher be
' determined by the dichromate lest for complex viaslevsalers; or may be determined theorelically if the
organic compounds and Lthair concentralions present in the wastewater ara known. Such a theoretical
oxygen demand of an organic compounrd can be calculated by writing the balanced reaclion for the
compound wilh oxygen to produce CO,. H,O and oxidixed organic companents, ‘

In the present case, the valer contains only glucose, which is oxidised under the following equation.

‘ralio is atways less than 1 or al the mosl equal to t, the maximum ultimate

Ce Hyz O + 60 ——36CT,+ 61,0
) 159 102 o W0l
Gucese

I'm'n this balanced equation ol oxidation of glucose, it can be stated thal Ihe Iheorelical oxygen

180

« Total lheorelical oxygen demand of the 300 ma/l glucose solulion

= 1.07 « 300 mgff = 321 mg/t
This dnrnbnd can be taken lo be equal 1o the maximum upper limil of BOD.
Hence, the maximum upper limit of 80D = 321 mg!n‘

192
demand for glucose is —= = 1.07 mg of O,/mg of glucose,

T4.2 —C-‘E Ratto
TOC
The tolal carbonaceous organics present in given wastewaler can be ascertained by computing TOC of

the wastewater, by converting the carbonaceous organics lo CO,, which is measured by infrared analysis, and

canverted instrumentally 1o the original organic catbon content,



cap ' ‘
. ﬁ ratio is considered lo be an imporlant actor in mommrmg waslewater reatments.

*  TOC s related lo COD through a ca{bon-oxygen balanced, such as in Ihe oxidation of Glucose.
CH,z0; + 60, = 6CO, + 6H,0

COD _ 6molol O,

TOC ~ GmololC

6x32

P17 R

we will have,

NOTE: The TOC 1est is rapid and accurale, but has not become popular in our country, because it needs a
costly instrument and sullicien! skill In using the same.

1. One of lhe primary indicators of the degree of waler poliution is the concenlration of orgamc
malter,

2. Total organic carbon (TOC), chemical oxygen demand (COD) and blochemical oxygen
demand (BOD) are Imperiant parameters ol water pollution,

3. Gensrally TOC > COD > BOD.

Which of these statemenls are corracl?

(a) 1, 2end 3 (b) 1and2
{c) 1and 3 (d) 2end 3
Ans. (b)

Generally, COD > BOD » TOC.

‘ﬂ:‘é?lﬂustx&hve Examples ' R

J

The BOD4 of & water has bean measured as 600 mg/, If k, = 0.23 day (base
&), whal is the ullnmate BOD, of lhe waste. What proportion of the BOD, would remain unoxidised aller
20 days,

Salution: Use equalion as

v, = s -(m)’"ﬂ'"]v

Hem K = k, = 0.23/day (given)
Ky = 0434 K=0434x023=0.1
Usmg t=§ days we have

Y, = BODol5days = 600 mglf = £{1 - (10)0 1 %3] ’
= i ‘--‘—I—-—- = --—1— = -{. = {.68¢
tf1-(07**]- [ T e 1{1-0.316] = 0.684
06841 = 600mgH . E

600 5

L = o mgfl—8775mcw

Mo Yy = L[1-(10)‘°“°°]=v, 1-—' _ = % |1-001)=,[099)
: ( (o

Y, = 0.99Y,

F U —

cosfficlent at test lamp. is'0.1,

far dilution

have

55 gm, find the population equwalems of

It means that 88% of BOD, is ulilised in 20 days. and hence only 1% of ultimate BOD would be left
unoxidised after 20 days,

Examipigi-11" The Iullowlng observations wera mads on a 3% dilution of waslo waler.
Dissolved oxygen (D.0.) of asrated waler used for diiution = 3.0 mg/#

Dissolved oxygon {D.O.} of diluled sample after 5 days Incubation = 0.8 mglf

Dissolved oxygen {0.0.} of original semple = 0.6 mg#

Calculate the B.O.D. of 5 days and ultimale BOD of the sample assuming that the deoxygenation

Solution:
The 100% conlenis of ihe diluted sample consists of 3% wastewaler and 37% of aerated water used

Henceilts D.O = D.C. ol wasle wialer x ilscontern + D.O. of difulion waler « its content
=06x003+3.0x0.87=0018+291=2928mgl
D.0. of the incubated sample alter 5 days = 0.8 mgi/
Thus, D.0. consumed in oxidising organic matler = 2,828 -0.8=2. 123mg{(
B.C.D. of 5 days = B.0. consumed x Dilution factar

=2 128)(1%9—70 93 mg/t

Ultimate B.O.D. is given by L
Using equation, we have, Y, = L[1 ‘(10)‘"‘”]

or v, = L[t-(m}‘”ﬂ"] ' )

The valug o Kp at lest tlemp. is given a5 0.1. Subslituting the known values in cquation {i) above, we

70.93 = L{v-(m)“’ ’“E’] = L[1-(1°)'n5]

1 1

= L=t 1

g [ (m)"s] [ 3.16
7093

b‘a = 103.7 mgh

} 1{1-0.316] = L x 0.654

o . L=

T ey

[H the per ceplla ccntnbuuon of suspended sohds and B.O. D is 80 gm and ;

Example112

(i) Acomblnag s‘fslqm serving 1000 persons and having 75 gm per capita-daily of 8.0.D.
and

(i} 40,000 lires daily of indusiriel waste water containing 1800 mg# of suspended solids.

Solution:

(i) Population served by the combined systern = 1000
Daily per capita B.O.D ol the combinad systam =75 gm
Total daily B.O.D. produced by the system = 1000 x 75 gm =

76000 gm



But standard per capila 8.0.D. (given) = 55 gm o 1 o ‘ Koy = 010104713 296+
75000 : -5 :
. TN - = 0.1(1.047)5 :
= Population equivalent = TE 1364 persons . (U.l )_ . 2724 /o
{li} 1litre of indusirial wastewater containg 1800 mg of suspended solids. N 1 .047)5 e 243 L
-~ 40,000 lilers of indusirial wastewater (daily) will produce Now, using 202 Do :
) . gt \ A
= _______13(}0x«30000 gmof suspended solids Yar= L[1—(10] ’ ]'ue rave A
10 1831 R
: " Yours = 190 S
;= 72,000 gm of suspended solidk i -0079x3 A
Bul standard daily por capita slid cantribulion is 90 gm. =t [1 -(10) } R
} - i : 2 : : e
Population equivalent = i—%'ﬂ = 800 persons ~ - tl1- -——:3737 =04221 I P
. I T 3 Pl
, e e o ’ L= 355.53mglf g A
m Change In concentration of organic matter, L, wih time, t, is given by : : . . @ R S
L ) : . Ky = 0.1[1.047)'°-= 0,063 Lo
= =KL _ _ Koy = 9.1[1.04?12‘—‘-?":0.1253 0 ) 1-:0 15 - 0
20 25 3
Calculale the organic matier remalnlig afler 3 days if the Initlal concentration was 200 mgl, Kpargy = 0.1{1.047]¥-%=0,1583 0 Temparalure ——=
and K= 0.4 per day. (bass 8). : ' )
per day. { ) (1) Y 1 g0 = 355331 - (10y 029 %5] = 183 mg/f
Solution: . ) .
dL dt K.d i) Yg g o = 365.33[1 - {10)997 %) = 212 mgh
—oaKL o —=-K.tt
at L iii} ¥ = 355.33[1 - (10y%' *5} = 243 mg/t
Integraling, we have ' W Ysoro0c (1-00) ] ! » w-
fog,L = -Kt+ C (i) Yy osec = 355.33[1 - (10y°'1 %85 = 272 mgif ‘ |
or 23logu L =-Ki+ C v Y, = 355.33(1 - {10} 1521 x 5] = 298 mgf!
When t= 0(atslant), L = 200 mg/f , M Yoz -0 ! ¢
23/09,,200=0+C . ) These calculaled (ive number BOD vaiues w.rt. temperaturc are plolied in figure. so as lo obain the
o C=23x2301=528 requisite graph, which is almosl a straight line. .
Naw, the value of L alter 3 days in given by ‘ i = T eSS T i - ’ ; TR
23/0gl =04x34+C
o 23f0g, L= 12 +5.28 = 4.08 Important Expressions
408 _
o fagpl= o3 1773 1. BODor BOD D.0 consumad in Ihe test Volume ol the diluled sample
o L=53.3mgl L ’ o 87 by the diluted sample " | Volume of the undiluled sewage sample
Hence the organic malter feft after 3 days = 59.3 mg/! k ' I 2 ! (BOD), = L [1 1 :]
eV o = t,= L[107¢]
2 The 3 day 15°C BOD of a sample nl sewags is 150 mg//. Draw a graph of 5 day .
BOD as a funetion of lemperature in the range 10°C 10 30°C i {5°C where.  #p = Deoxygenation canstan!
relion of lemperature t g e in steps of 5°C. A L = Organic matter present al the startof BOD reaction
Solution: : ’ t, = Organic malter [elt after / days
Assume K,at 20°C = 0.1 o . ‘ .
' a. Kore = Koo [1097]
Then Kpat 15°Cis given as - . S
Koy = Koy [1.047)1-20 4 : Kp= 2815




where,

A = Slope of line o (iime/BOD}' A Vs (ime)

8 = Inlercept of the line on Y-axis

5. Relative stability,

$= 100[1-(0.630)""]

§ = 100[ - (0794]" |

Tolal BOD; of the induslry in keyday

P —

a4

6. Populalion Equivalen! =

0.08 kg/day/person

Summary *

for he blological activilies.

The most obnoxious odour of waste water is that of hydrogén sulphids, which Is produced
by anaerobic microorganisms thal reduce, sulphales lo sulphiles. ; Qs

Theaverape temperalure of sewagein Indiais 20°C, vAich is near about the ideal temperature

» The guanlily of settleable solids can be dslermined using Imhoff cone,

* The pH value can ba measured by the help of polentiometer which measure the elegtrical
potential exerted by lhe hydragen fons, and thus indicating their concenlrations.

* Thae chloride contenl can be measured by tilraling the sample of waste water with standard
silver nilrale salution, using potassium chromate as an indicelor,

: Q.6
« Free ammonia indicales recent pollution, nirates indicales parlly decomposéd condition
and nilrates indicates ofd paliution. , i
+ Dissolved axygen less than 4 ppri is delrimenial to the survival of fish.
» For most praciical cases, COD = ThOD
However, generally COD » ThOD : BOD » TOC Q7
+ Average slandard BOD of domestic sewage is 80 yms per person per day.
? ~ Objective Brain Teasers
T
Q.1 Anindustrial waste waler enlers a streamlaving The BOD of the given sewage sampic is Q.8
a BOD concentralion of 10 mgil and a llow of {a) 8molL {b) 0mgiL
20 mYs, if the {low of waslewaler is 1.5 m¥s (c) 100mgiL {d) 80DMGIL
and ils BOD concenlration is 250 mgiL, then ) . .
(he BOD concenlralionin the stream al a point a3 The second stage BOD as shown in ihe figure
. is due to-
downslream of the point of contluence of
wastewaler with 1he stream il be
(@) 2.67 mgil. (o) 12.09mgl. 3
{c} 13.00mgfL {d) »&6.74mgn. 2 Wy
Z /12—_51_@ BoD
Q.2 Theldlowing dala pertain to asowage sampler § ___________

Inilial DO = 10 mg/L
Final DO = 2mg/L
Ditution 1o 156

/7 1" Stage BOD
/

._._.1”"0 1

(8) experimentalerror

{b} increased aclivity of bacleria

{c} nikrificalion demand

{0} Interference by certain chemical teactions

itthe BOD, of a wastewaler sampleis 75 mg/L
and reaclion rale constant k(base e} is 0.345
pear day. the amount of BOD remaining in the
given sample after 10 days is

(a) 3.12mgll ., {b} 3.45mgiL

{c) 3.68mg/L {0} 382mgh

which one ol the lollowing pairs is not correcily

malched?

{a) BOD/COD = 0: Wasle-waler is toxic

{b) BOD/COD s 0.2 : Acclimatizalion of seed
is necessary

(¢} BOD/COD = 0.6 : Wasle-waler is non-
biodegradable

(d) BOD =COD = 0 : Waste-waler is devoid
of organic matter

Whalis 5 days 20°C BOD equal lo?
(@) 3days27°CBOD
(D) 4days30°CBOD
(c) 6days32°CBOD
{d) 7 days 35°C BOD

in context of water poliuled with sewage, what
does BOD signify?

(a) Biological oxygen demand

(o) Bacteriological oxygen demand

{¢) Biochemical oxygen demand

{d} Biology of degradation

The ligure below shows, BOD curve when the
experiment was conducled at 20°C, I the
experiment is conducted al 30°C, then the
portion AB of the curve '

i }

Oxygen c;nsumod

Qs

Q.10

Q.1

Q.12

Q.13

{a} shifts to the lell

{b) shills 1o the right
{c) remainsunchanged
{d} shrinks

inaerobir environnieny, nilrosomonas convert
{a) WHIoMO, (b} ND, 1oND,
€} WH o, O {d) NO, toHNO,

A sample of sewage is estimated lohave 2 5
day 20° C 80D of 250 mg/i. If the 1est
temperature be 30°C, in how many days will
the same value of BOD be oblained?

{8) 1.5days {b) 25days

{c} 33 days {d) 7.5days

Consider the {ollowing statemenis:

The lime of BOD assumitation in a siream can

e afiecled by

1. Ralio ol siream depth 1o How width.

2. SwreamBODvalun.

3. BODrateconstanl.

Which ol these statemen!s are correcl?

(@ 1,28nd3 {b) tand2only

{c] 2and3only {dj 1and3only

Statement {1} : The BOD 1estis conducted for

S days al 20°C.

Statemenl {I1} : The amount of oxygen ulilized

by microprganisms anaerobically is called

BOD.

{a} Both Statement {I} ang Statement {{l} arc
individually true and Stalement (1) is the
correct exoianalion of Statesment (1)

(b} Both Statement {1} and Statement (I} are
individually true but Siatement {11} is NOT
the correct explanation of Statemment {1}

{¢) Statement {1} is irue but Statement {11} is
lalse

{d) Statement (1} is false bui Statement {li} is
lrue

High COD1o BOD rano of an organic pollutant

TEDIGSENS

(a) high bicdegradabiity of the pollutant

{b) low biodegradabiily of the poliulant

{c) presence of iree oxygen for agrobic
decomposiion

(8} presence of texs matetial ia the pollutant



Q.14

Q.15

Q.18

Q.17

Q.18

Q.19

Biochemical oxygen demand {(BOD) of waste-

water is a measure of

{a) lotal concentrationof hiochemicals

{b) lotalconcentration of arganic matter

{c} concentration of biodegradable organic
matter

{d} concentealion of chemically oxidizable
maller

Chemical Oxygen Demand (COD) of a sample

is always greater than Bicchemical Oxygen

Demand (BOD) since il represents

{a) biodegradable organic matler only

{b} biodagradable and non-biadegradable
organic maller

{c} non-biodegradabla organic matter

{d) inorganic matter

Asvastewater sample diluted to 100 timaos with
aeration water had an initial dissolved axygen
{DO)of 7.0mgA_and alter 5 days of incubalion
at 20°C, the DO was zero. The BOD of wasle
waleris

{2} 700mglL

{b} 100mg

{c} Cannot be determined

(d} 7mgiL

A student began an experiment of 5 day 20°C
BCD on Monday. Since tha Sth day fell on
Saturday. The final DO reading was laken on
Monday. On calculalion BOD (i.e. 7 day 20°C)
was found Io be 150 mgfL. What would ba lhe
5 day, 20°C BOD (in mgfL). Assume value of
BODate constant (K}at slandard temperalure
of 20°C as 0.23fday (base €}.

A single rapid test 1o defermine the pollution
stalus of river valer is

{a} biochemical oxygen demandg

{b} chemicaloxygendemand

¢} lotal organic solids

{d} dissolved oxygen

The 5-day BOD of a wastewater sample is
obtained as 190 mgfL (withk = 0.01h™Y). The
uliimate oxygen demand (mg/L) of the sample
wiltbe

Q.20

Q.21

Q.22

(a) 3800 {b) 475

(c) 21 {d) 190

A portion of wasle water sampla was subjected
Lo slandard BOD lest {5 days, 20°C), yielding
avalue of 180 mgAi., The reaclion rale conslant
(tothe base ‘e’) al 20°C was laken as 0.18 per
day. The reaction rale constanl at other
temperhlure may be eslimated by ky = ky
(1.047)-%. The lemperature al which the ofler
portion bl the sample should be tesled. lo exerl
the same BOD in 2.5 days, is

(a) 49C (o) 249°C

o) 31.7°C (0 3B0C .

List-l contains some properties of walarAvaste
water and List-!| contains list of some lests on
water/ waste water. Match List-| with List-1l and
sglect the cotrect answer using the codas given
below the lists:

List-|
. Suspended solids concentralion
. Metabolism of biedegradable organics
Baclerial concentration |
. Ceagulanidose
List-1l
BOD
PN
Jar test
. Turbidity
Codas:

onw>

RS

A

@ 2
by 4
2

4

b o =@

(©)
(@)

- - B0
[FEANANA N ]

2

To dulermine the BOD, of a waste water

sample, 5, 10and 50 ml aliquots of the waste
wialerwere diluted 10 300mL and incubated at
20°C in BOD bottles lor 5 days. The results
were as (ollows:

S.No.|Wasle-water| Inilial DO after
volume,mL |DO, mgiL |5 days, mg/t
1. 5 92 6.9
T2 10 S.1 14
J. 50 B.4 0.0

e =
——

Basad on Ihe data, tha averago BOD, of Ihe
waste waler is equal 1o

{a) 139.5mg/l {b) 126.5mgiL
(c) 102.8mgfL (d) 72.2mg/lL
TR Answers
1.{d 2@ 3 () 4{) 5 ()
6. (a) 7.(c) 8 (a) 9. (a) 10.(c)
41, (e) 12 (e) 13. (b) 14. {c) 15.(b)
16. {¢) 17. (128)18. (d) 19. {c) 20.(d)
21. (b) 22. (a)

Hints and Explanations:

Ans.1 (d)‘ ‘
Oy + Qoyo
Booa&t’ﬂm= -_‘011"'—02-
. 20x10+15x250

- 20+15
= 26.74 mgfL

Ans.2 (d)
BOD = {Initial DO - Final DOJ x Diiion Factor
Vhera Ditution Factor
__Volume of diluted sample:
~ Volume of undiluled sample

=(lo~z)x,%0 = 800 mgiL

Ans.g. (c) . o
: " The BOD at any inslant is given by
L=1LUi-e"
= 75 = L{1-e03ExYy
75

TOEE " 116.32 mgfl.
BOD after 10 days,

Ly= L1~ gl a7 10y

= 116.32x 0.268 = 112.63moiL

Amount of BOD remaining = £- L,
= 116.32-112.63 = 3.68 mg/L

E) L=

Ans.s (g) :
BOD,/COD z 0.6 means waste waler is

biodegradable

Ans.6 {a)
BOD, = Ly{1-&")
and Ky = Hy (1.047)-20
BOD; a1 20°C witl be equal to a BOD, lr given
lemperalura when &, is equal 10 f, x 5.

Ryt = Ky %5
o Ko omy
ko I
.5
(.04 ®
T t{days)
arc 363
ac 3.16
K gt 288
asT 251 )
There is no correcl answer bul (a)is closest.
Ans.8 (a)
The BOD of waler al any lime t is expressed
as

yr = Lo“ - G‘""

The value of k is lemperature dependent.
Because micro-organisms are more aclive at
higher lemperatures, the value ol k increases
vilh increasing temperalures. The value of v,
approaches L, asymploticaliy indicating thal
the lotal, or ultimate, BOD {y,} is equal o the
initial oxygen equivalent of the waicr L, Thus,
al higher temperatures the value of y,
approaches lo ultimate BOD earlier, shifting
point B on the curve lowards the leil.

Ans.10(c)
BOD, ¢ = L{1-1070%)
~ Theeltectof temperalure on BOD can be given
. by

T2
Kprg = Kpge (1.047)

KD.DC = Koo {1-0"7]‘0
KQO'C = 1.583:‘(5\‘"(:

L(I— IO'A-""'F') = L[|-~ m-lfﬁilmur.')

= IO“""‘S = 10-!5?.30.0‘1
5
ts = =3.16doys
"7 1583 4



Ans.12 (c}

1t sufficienl oxygen is present in water the
useful aerobic bacteria vill flourish and cause
the biological decomposilion of waste and
organic maller, thergby reducing the
carbonaceous material from water,

The amount of oxygen requiredin the process
untit oxidation gels complelad is known as
BOD. Polluted waters will conlinue 1 absorb
oxygen for many monlhs and it 15 aot
practically possibic to determine this ulumale
oxygen demand. Hence, the BOD of water
during the first five days at 20°C is generally
1aken as standard demand.

Ans.15{b)
Chemical oxygen demand (COD) s a measure
ol otal organic matter (biodegradabie as well
as non-biadegradable) presant in sewage.
BOD of sewage is the amount of bialogically
degradable organic matler present in lhe
sewage

Ans.16(c) .

if D of sample allar 5 day is less than 2 mgf!

1e5' shoutd be repeated.

s some amount of oxygen can't be

congumed.

Ans, 17 (128.0879)
k= 0.434 x 0,23 = 0.0938
BQD, = L[1-107 ]
150 = L[1 - Q0 U A T
= L = 187.54 mgfL
BOD, = L[1-107|
= 1B7.539 x [1 - 10793« 3]
= 128.0979 mgiL

Ans.19 (¢)
The BOD of 1 days may be given as
L= L1 - 10
= 190 = L[1— 10 nou",.z.:.na:u]
190
== L =272 mglL

~ 0690

Ans.20 (d)

Given dala:
kp, = 0.434
k, = 0.434 x 0.18=00781 o
t,= 5days
Y, = 180mgiL .
Y, = 180mgiL
by, = ulimate BOD = L,
L, = 25 days i
le =7
I B
Y, 1-1wgoh

Yo q-1p7ek
180 1-10U0E=5
180 © 1o 1ge
= (P = 1005

03906
Ky, = ——
= . D.! 25

=

=Q.15624

Now Kp, = Kp [1.047)7-%

= 0.18624 = 0.434 x0.18{1.047)" 2

= 2= [1.047]7-%
= log 2 = {T-20}lcg 1.047
= T = 35.08°C
Ans.22 (8)
- BOD in mgfL= [Initia} DO- Final 00| x dilulion
facler

[BOD}, = (9.2~ 5.9) x 3(5’—0 = 138 mgh.

(BOD,], = (9.1~ 4.0 = 5’%" = 141 mgll.

As linal DO and 3 sémpie 5 zero, lience the
sample s discarded.

138 + 141
AverageBQD, = -——§l-

=139.5 moil



