Biochemical Reactions in
Treatment of Waste Water

“INTRODUCTION'

inrolation {o drinking water, micro-organisms are polentialy hazardous whereas in wasle water realment
Ihey can be very benelicial in stabilizing harmful pollutants. Micro-organisms are found almost averyvwhere in
nature and mosl are uselul members of tha ecological communily, and plays a major role in wastewaler teatment
operalions. This is hecause sewage and many other waste waters contains considerable amount of colloidal and
soluble organic substances which are most easily bioken down by biochemical reactions.

2.1 'Biochemical Reactions

The Aerobic and Anacrobic are ine {wo basic forms of biclogical siabilisakon reactions whose
occurrenceis dependent upon the availability or otherwise of dis;n!ved oxygen.

The Aerabic reactions 1ake place in the presence of free oxygen and produce reasonably siable
inorganic end products with relatively low energy conlonis. A considerable partion of the organic
matler is synthesised 10 new microbial cells.

Areaction is allraclive for wasiewater {reatment because of (he high degree of stabilisation although

ihe synihesised micro-organisms resull in the formation of {arge volumes of sludge which require
further irealment.

The Anaerobic f'éaclions occur only in the absence of free oxygen and are more complex because
they occur IP Iwo stages carried out by difforent species of bacteria.

The acidAform%nlg‘baclerie initiafly convert complex organics into organic acids and alcohals. At this
point methane-lorming bactoria convert ihe acide and alcohols inta methane and other end producls
such as hydrogen sulphide,

The end products of anaerabic reactions slill canlain considerable amounts of energy, notablyin the
methane.

Because of the lower release of energy in anaerabic reacticns. the synthesis of new cells is very
much less than in aerobic reactions.



Thismeans that there s less sludge, {fofn anaerobic slabilisation of a wastgwater han from aerobic
stabilisation of the same wastevater. '
Anagrobic reactions are muct slower than aerobic reactions and do nol usually remove the organic
content of the food 10 such a low level ‘5}5 is possible in an aerobic reaction.

NOTE: Inanaerobic process, bonded O, s bonded from ihe molecules and thus energy released in anaeroblc
process is less and hence synthesis of new cellis less. Ly

»
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in all biological reaclions, energy in Ihe organic substrate is split into three ways ehergy in new
microarganisms, energy in the end product and heatenergy.

The proportions of energy in \he three directions depends upen Ihe nalure of the organici mauer, the
micro organisms carrying aut the reaction and the environment in which the reaction takas placa.
Catabolic feactions ate those in which lood is braken town to release enerqy. ccaction which releasa
energy lor synihesis of new microbial cells are lermed anabolic. ,

Inautolysis, synthesised [microbial cells are themselves oxidised and energyis raleased. Biological
reactions are controlied by organic calalysts which are tarmed as enzymes.

Enzymes are high molecular weight substance which afe inreduced by microorganisms and which
are highly specific lor parlicutar arganic substances and lypes of reactions.

In biological irealment processes the materials 1o be slabilized provides the basic putritional and
energy requirement {or its conversion into eng! pralucls and new microarganisms.

In the absence of organic matler, microarganisms can exist lor some time because of the exislence
of auto-oxidalion or endegenous respiralion. in endogenous res| piration which takes place continuously
in biological system, cell dig and lysis o releasu organic matter and nutrients back inlo the system
where they canbereused.
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Biological growth in the oxidalion systern assumes the following:

()  Sample supplies of carbon nilrogen and phosphorous $o as to enable the synthesis of new
cells, the ampirical formula for which is

CBO H&T OD NIZ P
BOD;:N:Pratioof 100:5: 1or C:N:Pralioof 100:15:2
(i} Suflicient energy is available in the organic matter.

(i) Ino'rganic growth nulrients such as calcium, coball, iron manganese, polassium elc, are
present in the emall amounts necessary.

(iv) Apprdpriate vitamin grcwilnhulrienls are present and
(v} Absence of foxic substances such as heavy metals {e.g Cd, Pb, Cr. Ni. C, M) elc.

» Daomeslic sewage salislies all ol lhese requirement and, indeed it has an excess of nitragen and
* phosphorous. ’

industrial wastewalgr may be lacking in some essential components and nutrient supplementation
may be needed I¢r ellective biological treatment.

The end products of aerobic catabolisin are low energy, stabie compound wilh mast of the
energy baing stored in the cellular material. By contrast, most of {he energy released in anaerobic
calabolism remains in the wasle products,

Il is imporlant lo reduce the cancenleation of toxic substances 1o innocuovs levels when industnal
v.-gstewaters are to be lreated, thus the need for the pretreatnent of industrial vastewater belare
discharge into municipal sewerage system arises,



2.3 Decomposition of Sewage _

The organic maller, whichis decomposad by bacleria, under biclogical action, is called biodegradable
organic matler. Mosl of the organic matter present in sewaga is biodegragable and hence undergo biological
decomposition, which can be divided inlo lwo types.

23,1 Aerebic Decomposition )
I air or oxygen is available fresly 1o the waslewater in dissolved form, then Ihe biodegradable organic
matler will undergo aerebic decomposition, caused by aerebic bacteria as well as by faculative bacleria—
- operating aerobically. These bacleria will then utilize the lree oxygen as eleciron acceplor, thereby oxidizing the
organic matter o slable and unobjectionable end producls. The stable end products Jike nitrates, carben dioxide,
sulphatas are formed, respeclively for the Ihree lorms of malter, i.c., nitrogenous, carbonaceous and sulphurous
matter. Water, heal and addirional bacteria will also be produced in this hiclogical oxidation, which can be
represented by the [oflowing equalions:

0 Nitrogeneous organic matter%Noa + NH, T+ Energy
{eomatenos)

(il Carbonaceous organic maller 25,60, T4 H,0 + Energy

(i) Sulphurous organic malter —22E03! 5 80~ + Energy _

Il may also be noled thal during the decomposilion of nilrogenous organic matier, the ammonia formed
inthe intial stages, may linger on till the end, depending upon lhe available oxygen, retention lime, lemperalure.
piolagical activity, elc., because the tacultative bacteria are incapable to break ammonia lo nitcates.

The inlermediale producls lormed in the aerobic oxidation of the three types of organic maller are shoyn
inthair respective cycles, inFig. 2.3, 2.4 and 2.5. These cycles, for nilrogenous, carbonaceous, and sulphurous
organic matier, respectively. '

23.2 AnaerobicDecomposition _ _

« 1l free dissolved oxygen is not available 1o the sewage, then' anagrobic decomposition called
putrelaction, wilkoceur. ' }

«  Anaerobic bactaria as will as facullative bacteria-operating anaerobically, will then flourish and convert
the coimplex. organic maller inlo simpler organic compounds of nitrogen, carbon and sulphur,

»  These anacrobic bacteria inlect sunvive by extracling and consuming the bonded moiecular exygcﬁ
present in campounds like nitrates (NQg). and sulphate (S50, )

«  Gases like ammonia, nirogen, hydregen sulphide. methane elc. are also evolved in this decompaosition,
producing otnoxious odour. ' ’

2321 Step In the Nitregen Cyde

iy Nitragenous organic matter gel oxidised 1o ammonia, hen 1o nitrites and linally (o nitrates. Which
when consumed by plants, through phoiosynthesis, from plant proteins.

(1) The plant proleins, when consumed! by amimals, form animal proteins, The wasles producec by
anmals and Iheir dead bodics, will again form nitrogenous organic matler, ihus campleting the
nitrogien cycle. '

{vi} There may be some sharl circuit cycle, as shown by dolied linc.
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Fig.2.3 Nitrogencycle under aerobic oxidation
NOTE 1. Nirates on denitrificalion may gel converled inte iree nitrogen {and sometimes to ammonia),

in the plant roots. This is called nitrogen fixalion,
Blue greein alhae alsa causes nitragen fixation.
i
2322 Step in the Sulphur Cycle'

é which may be converiad inte plant proteins, as it may be used by cerlain bacleria residing
J' 2

(i} This cycleis similar o aitrogen cycle. The sulphurous organic matier on oxidation produces H,S gas,
which on luriher oxidation, changes fo sulphur and then {inally lo sulphates (SO, ) B .

{ii) Sulphates, when consumed by plants through photosynthesis, change into plant proteins; which
when ealen by animals ¢hange inlo aniral protains.

{iiiy The wastes produced by anmals and their dead bodies will again lorm sulphurous crganic maties
thus completing the sulphur cycle. )
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Flg.2.4 Sulphurcycleunderaerabic oxidation

(iv} There may be short circuits in the cycle as shown by the dotted linas. Qrganic sulphurous matter
may be directly lormer by the death of the plants without lhe formation of animat proteins.

HOTE: Sulphales in ihe absence of oxygen wili be convented inlo H,8 by the process of reduttion.

2323 Stepin the Carbon Cycle

(i} The Carbonaceous organics matter on oxidation, releases carbon dioxide, which is its final end

producl.

{ii) This CO,, whon used by plants throug

h photasynthesis, gets conveded into plant carbohydraies,

fais, proteins; which when ealen by animals change inlo animal fals and proleins.

(i) The waste produced by animals and Iheir dead bodies will again lorm carbonaceous organic maller,
thus completing the carbon cycle.

(iv} The plant life gives ol CO, al night, and the animal life gives off CO, during respiration, Both these
respiration processes are shown by the dotted lines In the tigure.

(v} There may be shorl circuils in the cycle as shown in Ihe dolted lines organic carbonaceous matter
may be directly formed by the death of plants.
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The various slages atwhich (hese yases are evolved ate shown in ligure below, which regrosents nitrogen,
carbon and sulphur cycle lagather, The final equation, representing this decomposition are given below:

I

(i} Nitrogenous orgaric maller ...E‘;EE_‘:L_, N, T+ NH; T+ organic acids + Heal energy

A cion oy
AICHS

(i)  Carbonaceous organic matter CO, T + Heat energy



(i) Sulphurous organic maller ——“;—;‘E‘%La H,S T + Heat energy

__L‘!”__“?”&h"ﬁl;l;)cmT+cozT+i-lealenergy

{iv)  Organic acids
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Fig. 2.6 Nitiogen,carbonand sulphur cycles, under anaetoblc oxidalion

»  Anunderslanding of thesc cycle will help usin deiermining the stage of decomposition al sewage

by testing for ihe products of decay.

t

Table; 2.1 Dislinguishing Fealures of the Agrobic Ox/dation and Angeroble Oxidalion Processes

Parometer Aoroble Oxldation Annaroblc Oxidation
Qxygen requitemant Abundan! Hil
Areas of npplicalion gggg‘g:yg;“:y:‘:‘f Commonly studges

composting

Enargy release {per ‘ 26 Keal
grame-mole glucose) 484 - 674 Keal
Stages requirad for . 1 2
procoss completion
Dacemposlition and
Products CO, H,0ND, NH,, H;5,C0,, CH,
BOD; of eflluant Low (loss than B0 mglf) High {upic 5000 mg#l)
Operative bacterial Mosophilic and -
species Thermmephltlic Ganerally mesopliiic
Process raspansiblo for baclarial High hoat refoase during blo-oxidotion | Mainly acidic and unfavourabla
Inactivation (camposling Included) ] teaction media

2.4 Various Types of Bacteria
* Bacleria are primary decomposers of organic material. They ulilize soluble food.
* Bagcleria requirgs anergy and malerial for grovih and reproguction.
» Energy for bacteria is derived from biochemical oxidation or oxidation ol incrganic or organic

compounds.

* Malerialis defived from inorganic and arganic compeunds
» Bacleria are classified according to the energy or malerial source lhey require;

Aulotrophs:
Helerolrophs:
Phototcophs:

Aarobic Heterotrophs:

They derive bath energy and material [rom inorganic substance

They derive both energy and material [rom organic compounds.

Ulilise sunlight as energy source and inorganic substance tor malerial
source.

Helerolrops bactaria are the most imporiant species in the degratiation
of organic matier.

Aerobic bacteria (normaily called) ulilises organic in he presence of
oxygen.

Anerobic HB\orotm?hs: Acrobic bacteria utilises organic in the absance of oxygen.
Facultative Hatqra!rophs: Facullative bacieria is capable of functioning both in the presence as

|

weil as absence of oxygen.

Aol oxidised sewage will contain nilrale and sulphales bulvery litile ammonia and hydrogen
sulphide, On tha olher hand, lesser oxidised sewage will contain nilrites and sulphur instaad of

NOTE
nitrales and sulphates.

Summary = The Aerobic form of biological stabilisation reaction is more attractive because of the high
degree of stabilisalion although formation of targe volume of sludge.
@ b Energy released in asrobic oxidalion is 434-674 kcal while in anaerobic oxidation only 26 keal.

+  BOD, of eflluent in aerabic oxidation is low {less than 60 mgif} while in agrobic oxidation is
high {upto 5000 mg/#).
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vé:Brain Teasers:

The main constituents of gas generaled during
the anaerobic digestion of sewage sludge zre
{a} carbon dioxide andmethane

{b} methane and elhane

{¢} carbon dioxide and carbon monoxide

{d} catbon monoxide and nitrogen

Whatis eulrophication of fakes primarily due 10?
{a) Mulliplicationof bacleria

{b) Excessive inflow of nulrients

{c} Increasein benthic organisms

{d) Thermaland dansity currents

Shallow ponds in which dissolved oxygen is
present at all depths are called

(2} aerobiciagoons (b} aerobicponds

{c} facullaive ragodns {d} laculialive ponds

-~ Answers

1. (8} 2. (b} 3.(b)

Hints and Explanations:

Ans.2 (b) :

Eutrophication is a nawral process under which
lakes get infesied with algae and silt up
gragdually 1o become shallower and more
productive through the entry and cycling of
nulrients fike carbon, nilrogen and
phosphorous. This natural process of

Ans.3

eutrophication in facl can always getils carbon
and nitrogen requirements lrom the
almospheric gases like CO, and NO,; while
the requiﬂement of phosphorous is mel by its
presencein nélura\ run off dugto disinlegration
ol rocks,?which produce phasphorous. The
increased phosphorous inlake vaater, will cause
acceleralad eutrophicalion of Jakes and is
called cultural utrophicaion.

(b
Shallow ponds in which dissolved oxygen is
present al all deplhs are called aerobic ponds.
Allhough some oxygen is provided by diffusion
from the air, lhe bulk of the oxygen in ponds is
provided by pholosynthesis. Lagoons are
distingulshied from ponds in that oxygen for
lagoons is provided by artificial agralion.
When sullicient energy is suﬁpﬁed (o heeplhe
enlire contents, including the sewage solids,
mixed and aerated, the reactor is called an
aerobic lagoon, When only enough energy is
supplied to mix the liquid portion of the fagoon,
solids sellle o lhe botlom in areas of low
velocily gradients and proceed lo degrade
anaerobically. This facility is called a facultative
lageon, and the process diffars from that in
the facullative pond only in lhe method by
which oxygen is supplied.
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