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Disposing of the Sewage Effluents

Before we discuss, in our next chapter, the various treatments
that may be given to raw sewage before disposing it of, it shall be
worthwhile to first discuss the various methods and sources of
disposal of sewage. The study of the sources of disposa.l is
important, because the amount of treatment required to be given
to sewage depends very much upon the source of disposal, its
quality and capacity to tolerate the impurities present in the
sewage effluents, without itself getting potentially polluted or

becoming less useful.

There are two general methods of disposing of the sewage

effluents : _
(a) Dilution i.e. disposal in water ; and
(b) Effluent Irrigation or Broad Irrigation or Sewage Farming,
i.e. disposal on land.
Disposal by dilution is more common of these two methods,
which are described below :

DISPOSAL BY DILUTION
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() When sewage is comparatively fresh (4 to.5 hr old), and free
from. floating and,settleable solids, (or are easily removed by
primary tfeatmgnt). )

(#1) When the diluting water (he. the source of disposal) has a high
dissolved oxygen (D.O.) content. .
(tiZ) Where diluting waters are not used for the purpose of naviga-
tion or water supply for atleast some reasonable distance on the
downstream from the point of sewage disposal. :

@v) Wikere the flow currents of the diluting waters are favourable,

causing no deposition, nuisance or destruction of aquatic life. It

means that swift forward currents are helpful, as they easily carry
away the sewage to the points of unlimited dilution. On the other

hand, slow back currents tend to cause sedimentation, resulting in _

large sludge deposits. :
(v) When the outfall sewer of the city or the treatment plant is
;?ted near some natural waters having large volumes. '

8:2. StandardsofDilution for Discharge of Wastewatérs into
Rivers _.
The ratio 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 degrees of treatment required to be given
to a particular sewage. _ .
Table 8.1. Standards of Dilution Based on
' Royal Commission Report

Standards of purification required

Disposal by dilution is the process whereby the treated sewage Dilution factor
or the effluent from the sewage treatment plant is discharged into

a river stream, or a large body of water, such as a lake or sea. The
discharged sewage, in due course of time, is purified by what is
known as self purification process of natural waters. The degree
and amount of treatment given to raw sewage before disposing it
of into the river-stream in question, will definitely depend not only
upon the quality of raw sewage but also upon the self purification
capacity of the river stream and the intended use of its water.

Above 500 Notreatmentis required. Rawsewage cé.n bedirectly

discharged into the volume of dilution water.

Primary treatment §u;}i"'as : p._lain sedimentatioﬁ -
should be given to sewage, and the effluents should -
not contain suspended solids more than 150 ppm.

Between 300 to 500‘

Treatments such as sedimentation, screening and
essentially chemical precipitation are required. The
sewage effluent should not contain suspended sélids
more than 60 ppm. . . ‘ T

Between 150 to 300

/8/. 1. Conditions Favouring Disposal By Dilution

The dilution method for disposing of the sewage can favourably be
adopted under the following conditions :

Complete thorough treatment -should be given to

sewage. The sewage. effluent should not- contain
suspended solids more than 30 ppm., and its 5 days
B.O.D. at 18.3°C should riot exceed 20 ppm. "~ -

Less than 150
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aj 2) 3 ) (5)

29. | Bio-assay test 90% survival of | 90% survival of | 90% survival of
fish after 96 hrs | fish after 96 hrs | fish after 96 hrs
in 100% effluent | in 100% effluent | in 100% effluent

30. | Manganese 2 mg/l 2 mg/l 2 mg/l

(as Mn) ’ .

31. | Iron (as Fe) ' 3 mg/l 3 mg/l 3 mg/l

32. | Vanadium (as V) 0.2 mg/l 0.2 mg/l 0.2 mg/l

33. | Nitrate Nitrogen 10 mgA — 20 mg/l

34. | Pesticides

() Benzene 10 pg/ — 10 mg/1
hexachloride .
@) Carboxyl 10 pg/l —_ 10 pgn
Gii) DDT 10 pg/l — 10 pg/l
(iv) Endosulfan 10 pgl — 10 pght -
(v) Diamethoate 450 pg/l — 450 pg
(vi) Penitrothion 10 pg/l —_ 10 penl
(vii) Malathion 10 ug/ —_ 10 pg/l
(viii) Phorate 10 pgl —_ 10 pgn
(ix) Methyl 10 pg/ —_ 10 pg/l
Parathion
(x) Phenthoate 10 pgnl [ 10 pgl
(xf) Pyrethrums 10 pg/ — 10 ugl
(xi) Copper 9600 pg/l — 9600 pg/l
oxychloride .
(xiii) Copper 50 pegl- — 50 g/l
sulphate '

(xiv) Ziram 1000 pgl | — 1000 pgAl
(xv) Sulphur 30 pgn — 30 pg
(xvi) Paraouat 2300 pg/l — 2300 pg/l
(xvii) Proponil 7300 pg/l — 7300 pgl

_|@wiii) Nitrogen 780 pg/l — 780 pgfl

8,3/. Dilution in Rivers and Self Purification of Natural Streams
When sewage is discharged into a natural body of water, the receiv-
ing water gets polluted due to waste products, present in sewage
effluents. But the conditions do not remain so for ever, because the
natural fores of purification, such as dilution, sedimentation, oxida-
tion-reduction in sun-light, etc., go on acting upon the pollution
elements, and bring back the water into its original condition. This
automatic purification of polluted water, in due course, is called the
self-purification phenomenon. However, if the self-puification is not

3
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achieved successfully either due to too much of pollution discharged

into it or due {g other,calises, the river water itself will get polluted,
which, in turn, may*also pollute the sea where the river outfalls.

The various natural forces of purl.ﬁcatlon which help in effectmg
self-purification process are summarised below :
1. Physical forces are : »
(i) Dilution and dispersion,
(it) Sedimentation, and _
(iii) Sunlight (acting through bio-chemical reactions).
2. Chemical forces aided by b1010g1ca1 forces (called bio chemical
forces) are : .
(iv) Oxidation (Bio),
(v) Reduction.

These forces are described below :

(i) Dilution and Dispersion. When the putresclble organic
matter is discharged into a large volume of water contained in the
river-stream, it gets rapidly dispersed and diluted. The action, thus,
results in diminishing the concentration of organic matter, and thus
reduces the potential nuisance of sewage.

When sewage of concentration Cg flows at a rate Qs in to ariver

~ stream with concentration Cg flowing at a rate Q@g, the concentration’
C of the resulting mixture is given by -

CsQs + CrQr = %(SQQS + %R)Q
s + Cr&R

or C=—"r1r————" ...(8.1
. Qs+@r (8.1)

This equation is applicable separately to concentrations of dif-
ferent 1mpur1t1es, such as, oxygen content, BOD, suspended sedi-
ments, and other charactenstlc contents of sewage.

@i1) Sedlmentatwn. The settleable solids, if present in sewage
effluents, will settle down into the bed of the river, near the outfall
of sewage, thus, helping in the self punﬁcatlon process.

(fii) Sun-light. The sun light has a bleaching and stablhsmg
effect of bacteria. It also helps certain micro-organisms to derive
energy from it, and convert themselves into food for other forms of
life, thus absorbing carbon dioxide and releasing oxygen by a process
known as photo synthesis. The evolution of oxygen in river water
due to sunllght will help 1n achievmg self-punﬁcatmn through
oxidation, as given below.: L
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end, the position will be réversed. Protozoa and fungi will first
reappear. Fish life will be absent. Algae and

disappear and then

Tubifex will also mostly
(sewage fly) will, howe

sewage.

(ifi) Zone of recovery. In this zon
recover from its degraded conditio
water becomes clearer, and so t
decreases. B.O.D. falls down

be absent. Larvae of maggots and psychoda
ver, be present in all but the most septic

e, the river stream tries to
n to its former appearance. The
he algae reappears while fungi
and D.O. content rises above 40% of

the saturation value ;s brotozoa, rotifers, crustaceans and large plants
like sponges, bryozons, etc. also reappear. Bottom organisms will

include : tubifex, mussels, snails, etc. The organic material will be

Zones of pollution —_
Clear water Zone of Zone of active Zone of Zone of
degrdation decomposition recovery clearer water
Saturation level
100%
] Dissolved D.O.
oxygen 40% d
sageurve b — o _ __ _
Zero%
Physical Clear water, Floating Darker and Turbid with Clear water
Indices no bottom solids ; bottom | greyish bottom with no
sludge, no sludge colour, evolu- sludge bottom
colour present, tion of gases sludge
colour getting | like CH,CO,
turbid H2S etc. lot of
sludge coming
to the surface
forming an
ugly scum
layer at top
Fish Ordinary fish | Tolerant No fish Tolerant fish Ordinary fish
presence like game, fishes like present like carp, buff | like game,
pan, food & carp, buffalo, alo, etc. are pan, food,
forage etc. gary, etc. present and forage,
present present etc. present
Bottom , ¢
AR o |31
Algae &
Protozoa f ﬁ 8 N TR
etc. called %%\Q g e% § ﬁ}\ !
e [ VST RR | @ | @ | W

Fig. 8.1. Showing Zones of Pollution along a River stream.
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mineralised to form nitrates, sulphates, phosphates, carbonates,
etc.

(iv) Zone of clegner water. In this zone, the_ river attains its
original conditions with D.O. rising up to the saturation value.
Water becomes attractive in appearance, and Game fish (which"
requires atleast 4 to 5 mg/l of D.0O.) and usual aquatic life prevails,
Same pathogenic organisms maystill, however, survive and remain
present, which confirms the fact that “when once a river water has
been polluted, it will not be safe to drink it, unless it is properly
treated.” g

8.3.2. Indices of Self-Purification. The stage of self-purification
process can be determined by the physical, chemical and biological
analysis of the water, Colour and turbidity are the physical indices,
while D.O., B.O.D. and suspended solids are the chemical indices
which can mark the stages of purification. Moreover, the biological
growth present in water can also indicate the stage of purification:
process, as different types of micro and macro organisms will exist
in polluted water under different conditions, as discussed in the
previous sub article. - '

The different zones of pollution (i.e. various stages in the self-
purification process) and the physical, chemical and biological in-
dices, characteristics of each zone, are shown in Fig. 8.1.

833/ The Oxygen Deficit of a Polluted River-Stream. The
oxygen deficit D at any time in a polluted river-stream is the
difference between the actual D.O. content of water at that time and
the saturation D.O. content* at the water temperature ; i.e.

[ Oxygen deficit (D) = Saturation D.O. - Actual D.O.:' ...(8.2)

In order to maintain clean conditions in a river-stream, the
oxygen deficit must be nil, and this can be found out by knowing the
rates of de-oxygenation and re-oxygenation.

De-oxygenation Curve. In a polluted stream, the D.O. content
goes on reducing due to decomposition of volatile organic matter.
The rate of de-oxygenation depends upon the amount of the organic
matter remaining to be oxidised at the given time (i.e. L,) as well as -
on the temperature of reaction (i.e. t). Hence, at a given temperature,

" the curve showing depletion of D.O. with time; i.e. deoxygenation

curve (Refer curve 1 of Fig. 8.2) is similar to the first stage B.O.D.
curve (Refer Fig. 7.3). It can also be expressed mathematically as
per Eq. (7.12). ‘ . ST S v
*It means the amount of D.O. which will be presentin water ifitis fully saturated
with oxygen. The normal saturation B.O. value for fresh water varies between
14.6 mg/1 to 7.6 mg/1 for temperatur.etvar-yin'g_betweén 0°Gto30°C. =~ - " .
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mined by the field tests by

using eqn.:. The #nstaht K—R is sometimes.represented by f, called self-

3.9vv ’ : e . - . .. : )
Kpo°) = 15 ..(8.4) purification ¢constant, the val_lles' of which are given in Table 8.5.
where v = Av. stream velocity : ) 7 R Ky
in m/s : Table 8.5. Values of SelfPurification Constant | f= —2%
y = Av. stream depth in R SRS ’
Kpg varies with temperature as |'S-No.gl- . . Typeofwaterbody . Value of f
per the eqn. : ' T_ 20° 1. Small ponds and Back w‘ate_r-s"' » - 0.5—1.0
KR(T) = KR(2O) [ 1 .016] 2. Svlug.g.ish streams,_Lé.rg_e lakes and . , 1.0—15
. Impounding reservoirs . .
...(8.5) —— srvers . |
where KR(T) is the K value at 3 Large streams of low velocity - ' K 1.5—2.0
Togoaréd KR(QO) is the Kp value 4 Lar'ge.stream.s of horinal velocity - 2.0—3.0
at 20°C. IR Sl JTIREL e
Typical values of Kp(20) are given in Table 8.4. 5. Swift streams o . 3.0—5.0
Table 8.4. Values of Re-oxygenation Coefficient (Kg) . 6. | Rapids and Waterfalls. -~ g ‘Over 5.0

at 20°C — ——
S. No. Type of water body - Value of Kg,) _Usin,gK—I;2 as f, the Eq. (8.6) becomes as
. _ perday o D. . e v i
v : o N P R - Do g i
1. Small ponds and back waters 0.05—0.10 ol 2o | 1 - (F - 1) =22 ©...(8.8) :
. _ N - G-V |-
Sluggish streams, large lakes and 0.10-—0.15 : N Tl . o )
impounding reservoirs ) and equation (8.7) becomes S
3 Large streams of low velocity .0.15—0.20 ) _ S S L i Kp.t, .
4. Large streams of normal velocity 0.20—0.30 ; B D. = 7 [ 10 ] T . o (89)
5 Swift streains . 0.30—0.50 3 ‘ Tak.ing Idg, we get o _
6. Rapids and waterfalls ' Over 0.5 ‘ ‘ log D, = log %—KD ) tc _ I 'If ‘ (810) ‘

The 'oxy.gen deficit curve can be plotted easily with the help of Eq. Substituting the V;alue of ¢ fro‘I‘rylvE‘q é8 8) in Eq '(é‘ 1 O) : vs;'e' get

(8.3), by using-different values of ¢ in days : . .
The critical time (¢.) after which the minimum dissolved oxygen - log D =1 L 7 Kp.l . Do)
occurs can be found by differentiating Eq. (8.3) and equating it to og e = =3 “Kp(f-1) log | f41-(¢-1) T (1
zero6 ; which on solving gives ' : . : : L ' ‘
1 ] KDL —-KRDO + KDDO KR . T T . . 1
S _ , Kr S e D
and the critical or max. oxygen deficit is given by : B o Lt AR
KoL “Kp ot | . R T T o peyr
Dc=—K—{1O_] (8T or (f—l)[log—'—logDc‘];-':iog[f{l-(f—’l),—"— H >
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\
L2
wastes may be the other important lake pollutants. The toxic chemi-
cals from industrial waste waters may also sometimes very adver-
sely effect some special classes of the lakes. However, phosphorous
(anutrient) constitute the most important lake pollutant, and needs

special study in water quality management of lakes.
A study of the lake systems is essential to understand the role of

. phosphorus in lake pollution. The study of lakes is called limnology.

8.4.2. Stratification in Lakes. The water of a lake gets

~ stratified during summers and winters, as discussed below :

. During summer season, the surface water of a lake gets heated
--up by sunlight and warm air. This warm water being lighter,
remains in upper layers near the surface, until mixed downward by
turbulence from winds, waves, boats and other forces. Since such

~ turbulence extends only.to a limited depth from below the water
surface, the top layers of water in the lake become well mixed and
aerobic. This warmer, well mixed and aerobic depth of water is
called epilimnion zone. The lower depth, which remains cooler,
poorly mixed and anaerobic, is called the hypolimnion zone. There
may also exist an intermediate zone or a dividing line, called

thermocline or metalimnion, as shown in Fig. 8.3 (a).
' ' wind o

——

Hypolimnion (cool,

poorly mixed,
anaerobic} /

C . lce e
0°c /

Hyp‘z“i"é"w" Thermocline
(poorly defined)

(b) Stratification of a lake during winter.
Fig. 8.3. Stratification of lakes.

The change from epilimnion to hypolimnion can be experienced
while swimmingina lake. When you swim in top layers horizontally,
you will feel the water warmer ; and if you dive deeper, you will find

|
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the water cooler. The change line will represent monocline. The

depth of epilimnion zone depends upon the size of the lake for the -.!

same te};{peratuge changes. It may be as little as 1m in small lakes
and may be as large as 20 m or mgre in large lakes. This depth also
depends upon the storm activity in the spring when stratification is

7 developing. A major storm at the right time will mix the warmer
water to a substantial depth and thus create a deeper epilimnion -
zone than its normal depth. Once formed, lake stratification is very .

stable, and can only be broken by exceedingly violent storms. As a
matter ofgfact, as summer progresses, this stability increases, the

epilimnion continues to warm, while the hypolimnion remains at a.

fairly constant temperature.

With the onset of winter season, the epilimnion cools, until it is :
more dense than the hypolimnion. The surface water then sinks, :
+ . causing ‘overturning’. The water of the hypolimnion rises to the
surface, where it cools and again sinks. The lake, thus becomes. -
completely mixed, making it quite aerobic. In regions of freézing'

temperatures, whe1_1 the temperature drops below 4°C, the above
process of qvertummg (or turn over) stops, because water is most
dense at this temperature. Further cooling or freezing of the water

- surface results in winter stratification, as shown in Fig. 8.3 (b). .

With the passing of: winters and commencement of spring season,
the surface wgter again warms up and overturns, and lake becomes
completely mixed. The lakes in regions of temperate climate will,

- therefore, have at least one, if not two, cycles of stratification and

tz_trn-over every year. :
8:4:3. Bif)logical Zones in Lakes. Lakes have been found to
exhibit distinct zones of biological activity, largely determined by

the availability of light and oxygen. The most important biological ° .‘

zones are :

(?) euphotic zone ;
(iii) benthic zone.

These zones are shown in Fig. 8.4, and briefly discussed below :

8.4.3.1. Euphotic zone. The upper layer of lake water through

(ii) littoral zone ; and

which sunlight.can penetrate, is called the euphotic zone. All plant
growth occurs in this zone. In deep water, algae grow as the most -

important plants, while rooted plants grow in shallow water near
the shore. ) o - o ’
The depth of the euphotic zone is reduced by the turbidity, which

blocks sunlight penetration. In most lakes, the turbidity.is due to '

:'lgal growth ; alt!mugh colour and suspended clays may substan-
ially reduce sunlight penetration in some lakes: It is important to
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flourishing growth of algae make the lake water to be highly turbid,
so that the euphotic zone may extend only partially into the epilim-
nion. As the algae die, they settle to the lake bottom, where they are
decomposed by benthic organisms. In a eutrophic lake, this decom-
position is sufficient to deplete the hypolimnion of oxygen during
summer stratification.

Because the hypolimnion is anaerobic during summer, such a
lake will only support warm water fish. As a matter of fact, all types
of cold water fish are driven out of the lake, before the hypolimnion
becomes anaerobic, because they generally require dissolved oxygen
levels of at least, 5 mg/L. Highly eutrophic lakes may also have large

mats of floating algae that typically impart unpleasant tastes and

‘odours to the water. ‘

8.4.4.4. Senescent lakes. These are very old shallow lakes, having
thick organic sediment deposits at their bottoms. Rooted water
plants abundantly grow in such shallow ponds, which ultimately
become marshes.

8.4.5. Eutrophication of Lakes. Eutrophicationn is a natural
process under which lakes get infested with algae and silt up
gradually to become shallower and more productive through the
entry and cycling of nutrients like carbon, nitrogen and phosphorus.

' The initially clear water of oligotrophic lakes, therefore, gradually
turns into mesotrophic, eutrophic, -and senescent stages, due to
continuous entry of silt and nutrients.

This natural process of eutrophication infact can always get its
carbon and nitrogen requirements from the atmospheric gases like
CO, and NO. ; while the requirement of phosphorus is met by its
presence in natural run off due to disintegration of rocks, which
produce phosphorus. The increased phosphorus in lake water,
entering either through the agricultural use of its drainage area or
through the entry of domestic and industrial waste waters, will
cause accelerated eutrophication of lakes, and is called the cultural
eutrophication. The natural process of eutriphication thus, gets
intensified by the entry of wastewater discharge into the lakes,
causing permanent damage to its water quality and leading to its
siltation. Eutrophic lakes are, however, not necessarily polluted, but

~ pollution contributes to eutrophication.

The water quality management for a lake, therefore, aims at

;educing its eutrophication to atleast at its natural level, by control-
ling and reducing the input of phosphorus in the lake water. Once
the input of phosphorus, (which directly controls the production of
chlorophyll and hence the algal development) is reduced, the phos-
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phorus concentration will gradually fall dowﬂl, as the eﬁsting phos-
phorous will get b,uried into the sediment or-is flushed out of the

laké alowg wit):"h the excess river flow feeding the lake. _
Strategies suggested for reducing eutrophication by removal of

phosphorus by its precipitation by addition of lime to the lake water ; or .

by dredging out the phosphorus rich sediment from the lake bottom,

- will not succeed until the entry. of phosphorus is not curtailed. It,

!:herefore, becomes imperative’ to stop the entry of sewage and
industrial wastewaters, which largely contain phosphorus, into the

lakes. Ppven the treated sewage will not be low in phosphorus, since |
phosphorus can be removed only by costly advanced methods of -
waste treatment. The lake waters should, therefore, not be used even -
for discharge of treated sewage. The phosphorus content of the .

domestic sewage can, however, be reduced by banning the use of

phosphorus rich polyphosphates in detergents, ‘which presently -

contribute heavy input ‘of phosphorus in domestic sewage, as large

as twice that contributed by human excreta. Sevéral advanced '

countries have, therefore, banned the use of phosphates in deter- -

gents and soaps. India has yet to follow suit.

~ The continuous entry of seeping septic tank effluents from cot-
tages and houses built adjoining the lakes, through the sub-soil
towards the lake, will also cause phosphorus pollution in the lake,

after the soil gets too saturated to absorb any further phosphorus,

finally passing it on to the lake. The time it takes for phosphorus to -

break through to the lake depends on the type of soil, the distance
to the lake, the amount of wastewater generated, and the concentra-

tion of phosphorus in the seeping wastewater. Entry of phosphorus = - §

through such sources should also be controlled to reduce cultural

o

eutrophication of lakes, by collecting the effluents of septic tanks

in sewers, to be carried up to the treatment plants, before disposing - -

them off, safely.

The use of fertilizers in fields in the drainage area should also be - )
controlled to reduce the entry of phosphorus through the surfacerun -

off flowing over such fields and finally entering the lakes. Treatment

of such catchments to reduce soil erosion will also help in reducing '

p_’lyhorous entry into the surface runoff. -
8,5. Disposal of Wastewaters in Sea Water

Sea water normally contains 2%71(%5‘5 oxygen than that contained

. T . e T g T T T e m e . . N
in fresh water of-a river stream. Moreover, sea water normally

contains a large amount of dissolved matter. As such, the capacity *
of sea water to absorb sewage solids is not as high as that of fresh

water of a stream. Moreover, sewage solids, when thrown into sea - R }

\
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removal of inorganic materials of size 0.2 mm in d_iam_eter or larger,
with a sp. gravity of 2.65, thereby keeping organic matter of _loyver
sp. gravity in suspension. The roll also “sweeps” th,e' sgttled gnt 11}to ‘
a bottom hopper or collection trough, from where it 1s periodically
removed. . .
The outflowing screened and degritted sewage fro'm the grit
chambers flows to the sea through marine outfall conduzt,-normal.ly
by by-passing the Effluent Pumping Statlgon (EPS). At I.ngher dis-
charges from the IPS, sewage from the grit chambers spllls- over to
the EPS, containing 5 centrifugal pumps of 520 MLD capacity each
at 5.8 m head. As the water level rises in the EPS wet w.ell, _the
pumps at the EPS are turned on. Once the EPS is d%schargmg into
the channel leading to ‘marine outfall, the flow 1n the l?y-pass
- channel will backup, closing the by-pass flap gates._All flow will then
be pumped through the EPS. : _
The sewage coming out of the EPS channel or the by-pass channel

now enters into a drop shaft on shore, from which it ﬂqws.into a3
km long underground R.C.C. circular tunnel of 3.5 m diameter,

constructed at an upward slope undertheseabed ata depth of about
65 m below the ground level. This underground tunnel is named as
the marine outfall. - . _ .

The outfalling 240 m end length of this tunnel is provided with
10 No riser pipes,.each of 1 m diameter, capped just above the sea
bottom with circular caps containing horizontal outlet ports, the
elevation of which is about 1 m above the sea bottom above the la}fer
of sediments suspended by waves. There are 10 outlet ports of size
varying from 220 mm diameter to 280 mm diameter on each riser.
As such, there are 100 outlets on 10 risers. They are at a depth of
about 9 m from the mean sea level to maximise dilution in initial
discharges, as they rise to the surface. At this selected discharge
point in the sea, the direction of currents is such that the plume of
sewage is taken away from the shore side to towards the deep sea
side, and spreading the sewage on a wide area.

. HDISPOSAL ON LAND
8,6. Disposal of Sewage Effluents on Land for Irrigation
In this method, the sewage effluent (treated or diluted) is generally

disposed of by applying it on land. The percolating water may either

join the water-table, or is collected below by a system of under-
drains. This method can then be used for irrigating crops.

This method, in addition to disposing of the sewage, may helpin '
increasing crop yields (by 33% or so) as the sewage generally.
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contains a lot of fertilising minerals and other elements*. However,
the sewage effluent, before being used as irrigation water, must be
made safé In ofpfler to lay down the limiting standards for sewage
effluents, and the degree of tregtment required, it is necessary to
study as to what happens when sewage is applied on to the land as
irrigation water. -
When raw or partly treated sewage is applied on to the land, a
part of it evaporates, and the remaining portion percolates through
the ground soil. ‘While percolating through the soil, the suspended :

particle®present in the sewage are caught in the soil voids. If proper

 aeration of these voids is maintained, the organic sewage solids

caught in these voids get oxidised by aerobic process. Such aeration
and aerobic conditions will more likely prevail, if the soil is suffi-
ciently porous and permeable (such as sands and porous loams).
However, if the land is made up of heavy, sticky and fine grained
materials (such as clay, rock, etc.), the void spaces will soon get
chqked up, and thus resulting in non-aeration of these voids. This
will lead to the developing of non-aerobic decomposition of organic
matter, and evolution of foul gases. Moreover, excessive clogging
may also result in ugly ponding of sewage over the farm land, where
mosquitoes may breed in large number, causing further nuisance.
Application of too strong or too heavy load of sewage will also
similarly result in the quick formation of anaerobic conditions. The
greater is the sewage load, more likely it will be for the soil to get
clogged. Hence, if the sewage load is reduced either by diluting it or
by pre-treating it, it may be possible to avoid the clogging of the soil
pores. The degree of treatment required will, however, considerably
depend. upon the type of the soil of the land. If this soil, to be
irrigated, is sandy and porous, the sewage effluents may contain
more solids and other wastes, and thus requiring lesser treatment,
as compared to the case where the soil is less porous and sticky.
The pretreatment process may be adopted by larger cities which.
can afford to conduct treatment of sewage ; whereas the dilution
technique may be adopted by smaller cities. When sewage is diluted
with water for disposal for irrigation, too large volumes of dilution
water are generally not needed; so as not to require too large areas
for disposal. The extent of land area required for disposing a certain
volume of sewage effluent can be worked out from the values given

- in Table 8.7.

*Fertilising elements like nitrogen, phosphate, potash, etc.do helﬁ in inéreasing

‘the yields of cash crops like cotton, sugarcane, plantain, ete. However, crops to

be eaten raw or which do not have any skin to be removed before eating; should |
not be grown on sewage farms, although thisis seldom practised by the farmers.
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274 SEWAGE DISPOSAL AND AIR POLLUTION ENGINEERING

reserve and stand-by for auf%;erting the sewage dqring the period the _
firstland is at rest. Moreover, during the rest period, the land should
be thoroughly ploughed, so that it gets broken up and aerated. .
(v) Rotation of Crops. Sewage sickness can be Feduced by planting
different crops in rotation instead of growing single type of a crop.
This will help in utlising the fertilising elements of sewage and help
in aeration of soil. '
m(vi)’ Applying shallow Depths. The sewage shoul'd nqt be ﬁlled over
the area in larger depths, but it should be applied in 13h1n laye.rs.
Greater depth of sewage on a land does not allow‘thg soil to receive
the sewage satisfactorily, and ultimately results in its cloggjng. |
A sewage-sick land can be improved and made' useful by

thoroughly ploughing and breaking the soil, and exposing it to the

atmosphere. o
1. 'Crops Grown in Sewage Farms and Their Hyglenu}
Aspect

Infact, the city sewage is screened and sedimented_ bef‘pre disc.:harg-
ing it for irrigation. Neither biological treatment is given to it, nor
it is disinfected. Due to this fact, the sewage effluents used for

irrigation, normally remain contaminated. And.since in all the

broad irrigation methods (except furrow irrigation I.nethod), s'ewage
applied for irrigation will come in direct contact with the plants, it

may endanger the life and health of the people, if at all the crops

grown are eaten raw, as the sewage is a poteptial canjier of germs
and pathogenic bacteria, likely to cause dl_seases. like typhoid,
cholera, dysentery, etc. From public health point of view, therefore,
no crops which are to be eaten raw or without any skin removal, and
which come in direct contact with the sewage, should be grown on

sewage farms. )
Green vegetables, potatoes, etc. should, therefore, never be grown

in such farms. However, crops like cotton, groundnut, grains, tobac--

co, sugarcane, etc. may be raised successfully on a sewage farrr_x.
Grass and fodder may also be raised, provided however, care is
taken to see that the cattle do not graze on sewage wet fodder.

In any case, the crops grown on sewage farms should be.properly
labelled and marked*, so that the public knows about their source,
and is cautious in their use. '

It is suggested that, if at all vegetables are grown and sold in the

-market without any control, as is happening in Delhi (the capi.tal
city of India), the public should take preventive me_asures.by kgeping
the raw vegetables submerged for at least 10 minutes in 1 in 400

*Practically, no farmer does so0, as it will reduce the cash value of his crop.
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- Water solution of bleaching powder, and then thoroughly wash them
with water, before use. The use of potassium permanganate for
disinfectimg vegetables is not recommended, as by its use, the
vegetables ,tendg to loose freshnegs and crispness. : ‘

The health of the farmers working in the fields, is also an
important factor. They should also take adequate precautions by

. Wearing gum boots and gloves, as otherwise, the larvae present in

sewage effluent may get into their body, through direct contact,
causing diseases, most commonly the intestinal worms. -

8.12C lﬂlutio‘n Method Vs. Land Disposal Method for Dis-

~posal of Sewage

(2) For disposal by dilution, large volumes of natural clean waters
(with nil or very low B.0O.D.) are required ; whereas, for land dis-
posal, large areas of land, preferably with sandy soils, are required.

(iZ) The cost of land, in land disposal method, is generally very
high, specially in cities and urban areas, which are generally
situated near rivers or oceans, and thus suggesting the choice of
dilution method. Whereas, in the rural areas, where the amount of
sewage produced is less, land being available at lesser cost, no easy
vs}rlater source being available, the land disposal method is a better
choice.

(Zif). When the cost of land is high in land disposal method, some
return may be available due to sewage farming ; but then good
management is also required. Dilution method of disposal, however,
when possible, is a simple method, and does not require too much
of management. '

(iv) Land disposal method requires either no pre-treatment of
sewage or only preliminary treatment ; whereas, dilution method of
disposal, generally requires either full or at least partial treatment.

(v) Dilution method of sewage disposal requires nil or small head
pumping, because rivers flow through the lowest contours, while

land disposal requires high head pumping, thus making the land

- disposal method costlier.
- (vi) Land disposal method is generally found to be a better choice

pollution and unfit for throwing untreated or less treated sewage.
A lolt of pretreatment, if required, will make the dilution method
costlier. : :

(vii) Land disposal saves the inland rivers from getting polluted by
Sewage, and returns to the land the fertilising elements, which were
once drawn from it. Dilution in river water will naturally cause.
downstream river water to become polluted, and an unavoidable
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o ) W )
Various other sophisticated methods for the recovery of
hydrochloric acid from the hydrochloric acid-pickle waste, and
ferrous sulphate and sulphuric acid from the sulphurlc acid-pickle
waste are also available. \
The process of electrolysis of spent liquor is gaining
importance in the matter of regeneration of acid and recovering of
iron. This iron in the form of sheet or as powder has good demand

in the growing industry. of power—metallurgy
QUESTIONS

1. What are the major operations in an integratéd Steel Plant?

2. How are the wastes from the following units in a steel plant
treated? (a) coke ovens, (b) oxygen plant, (c) rolling mills, (d)
power plant, (e) pickling bath.- ) : '

Oil Refineries Waste

18.0 ]NTRODUCTION

The number of oil refineries in India has mcreased substantially
after the 1ndependence But, while most of the earlier refineries are
located near the sea-shore, many of the new installations are-
located far away from the sea, and discharge their waste to the
inland water courses. As such, the pollution potential of the refinery

. ‘wastes has gone up considerably and demands a careful attention.

However, most of the . government. owned refineries have
undertaken antipollution measures, and are designed to discharge ;a
waste of acceptable quality. o :

The large refineries practice a number of enormously
complicated basic and auxiliary operations, description of wh1ch is
beyond the scope of this book. In this chapter, the basic operations
and the most important auxiliary processes will be described in
brief to give some idea of. the refinery practices. This will be
followed by .a description .of the sources of the waste water,
composition of wastes and’ the available treatment. methods:

Other processes in large refineries in relation to the production
of different petrochemicals will be described in the next chapter.

18.1 BASIC AND AUXILIARY REFI_N_ElRY OPERATIONS

Crude oils are complex mixtures of hydrocarbons of varying
molecular weight and structure. These hydrocarbons range from
simple highly ‘volatile substances to complex waxes and asphaltic
compounds. The final petroleum products are obtained from the
crude oil through a series of operations, viz.,  topping, thermal
cracking, catalytic cracking, catalytic reformmg etc. Thcse basic
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out of the process of crackmg In the catalytic cracking process
“however, the asphaltic or tar-like products get adsorbed on to the

surface of the ‘catalysts in the form of coke.

When “high octane” fuels are in demand, much of the naptha is
“catalytically reformed” into high octane gasoline; the process
involved is another form of cracking. ’ '

- Again when market is available the most degraded
carbonaceous high boiling parts of the crude oil distillates are
subjected to the “coking process”. This “Coking process” .is

nothing but a cracking process with a prolonged time of crackmg, .

the end product of which is called * ‘coke”.

The wax distillates of the crude oil may be used as raw-
material for the manufacture of light lubricating oils. The process
of their manufacture corsists of cmlhng the distillates and filtering

" the wax from the oil.

The products thus obtained either as final product or as
- feedstock for further processing may contain certain undesirable
constituents which must be either removed or converted into less -

harmful compounds- by furthei refining processes. Such refining

processes include (i) removal of hydrogen sulfide gas and
mercaptans by washing with strong caustic soda solution; or (ii) -

_ absorption of hydrogen sulphide gas in an alkaline absorber liquid

(which is immiscible with the product) followed by the recovery of

the hydrogen sulphide gas, in the process known as regenerative

process, (iii) conversion of mercaptans to less harmful desulphide;’

- employing solutions like lead oxide in caustic soda together with

sulphur, or sodium hypochlonte or copper chloride, in a process .

known as “sweatening”, and (iv) conversion of alkylsulphides and
thiophenes and practically all other sulphur compounds into

hydrogen sulphide in a catalytic reaction in the pfocess known as

sulph1de thus - forr‘n'ed is

recovered by the regeneratlve process.
The crude oil is sometimes pretreated with caustlc soda a.long

with water to remove salts from the criade.

Water may be removed by passing the product through a bed

of calcium chloride or similar drying agent.
The brinie, which comes out of the desalting operation, and the

spent drying agent, used for the removal of the water goes to the

+
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sewer. But wherever possible, the removed impurities are recovered
and sold o# are used for manufacture of other products; the
process chemicals are reused afterthe recovery of the impurities.
As such, these impurities do not join the waste water stream
directly, but may be introduced to the flow through the condensate
and wash waters wluch come ihto contact with products at some

’ stage of the processing.

» Chlormated Copperas

‘Tricking ~ Secondary
~ Filter_ | Settlmg Tank -
N\

/- \_/ Effluent

Influent
Pre De- Oller Gravity oil Aerator
- separator Tank

Clariflocculator,

— R
Samtary Sewage ecycle

Figure 18.3. Flow Dlagram for the ’h'eatment of a Typical Petroleum .
Refineries Waste. :

18.2 SOURCES OF WASTE WATER

* A large amount of water is used in the refinery processes, and a big

fraction of it comes out as waste after getting polluted by 011 and
other toxic- substances. -
'~ Major amount of water used in a refinery, is for cooling. Like
any . other industry, the. extent of recirculation and reuse of this
water will determine the volume of the effluent discharge.’

Second to cooling, the major use of water is.for boiler feed.
The steam obtained is utilised for different operations like desalting
of crude oil, distillation and steam-stripping in topping process, and
in catalytic cracking. Steam is also used for the stripping of spent

: _catalyst before the later is sent for regeneration.

Water is also required to wash the products like: gasolme to
remove the traces of chemical reagents used.in earlier opération.
The process waste water includes the condensates and wash

._waters which. come into contact with the petroleum products at
‘some stage of the processing. So the waste. water contains free or

emulsified oil, spent caustic and acid solutions, impurities of
petroleum products like’ hydrogen sulph1des ammoma mercaptans
phenols, and spent catalysts.
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W , i .
doubles the settling velocity of the floes. The chemical treatment
not only produces effluent of low oil content, but reduces the
sulphides content considerably. Chakravarty and Bhaskaran have

shown that much improved quality of the effluent may be obtained

if the waste is also aerated along with the chemical treatment.

The “waste decoking water” containing large amounts of coke.
fines is subjected to segregation and is treated separately. Coke .

fines are not easily wetted by water; usually the wetting is
accomplished by air blowing, subsequent to which these are settled

in a settling tank. As an alternative device of treatment of coke’

containing: waste, Chakravarty and Bhaskaran reported that,

treatment of the waste with a coagulant aid (2 mg/1 of coagulant .
aid CA-15 developed by NEERI) with flocculation (1 minute) and
sedimentation (15 minutes) may produce an effluent of very high -

. quality. By this method, not only suspended solids, but certain
percentage of oil content can also be removed.

. Biological treatment methods include waste stabilization’ pond '

Aerated Lagoon, Trickling Filter, and Activated Sludge Process.
 Waste stabilisation ponds require large area, but are capable of
' reducing BOD by 43%-96% and phenol by 61-99% with a
retention period of 60 days. In Aerated Lagoon, with mechanical
surface aerator, a retention period-of 6 days may be provided but

the microbial mass produced in the lagoon settles so slowly that -

good effluent quality cannot be obtained unless a number of ponds
are provided following the lagoon in series..

'~ _Many refinery engineers favour the tnckhng filter as a
biological ‘treatment method. Trickling filters can -absorb shock
loads of toxic matter and do well without any retardation even with
an influent oil concentration of upto 100 mg/1. Deep bed high rate
trickling filters have been found to be very efficient in the reduction

of phenols’ (Rao et al). All the sulphides are removed .in the -

Trickling Filters. A flow diagram for treatment of a typical reﬁnery
employing Trickling Filter is shown in Fig. 18.3.

Treatment of the refinery waste by Activated Sludge process is

affected when the oil concentration exceeds about 30 mg/l.
Chakravarty and Bhaskaran observed that activated -sludge

treatment of chemically treated refinery wastes results in very poor -

removal of BOD and phenol. To tackle this situation they developed
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a modlfied method desrgnated as “Ferro-biological” process In this

" method both m,lc;obral mass and ferric hydroxide are used

'simultaneously in "the aeration tank Jto flocculate BOD, phenol and
oil. In view of the toxic nature of the refinery waste, these aeration .
tanks are to be designed as complete mix type.

As the biological flocs fermed in the above process are

~ adsorbed with some quantity of oil, the Final Settling Tank

followmg the Aeration Tank must be desrgned with a low surface
settling rat® and large surface area.

The selection of the most suitable methods and the sequences
of the treatment processes depends not only on the raw waste
characteristics, but also on the desired effluent quality spemﬁed by
the local. authority. The raw waste characteristics also vary from
one refinery to another. All these aspects are to be considered in the

‘final -design of the treatment units* of a reﬁnery waste.

QUESTIONS

‘1.  What are the sources of pollution in an 011 refinery?
2. How are the liquid wastes from an oil refinery treated?
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riseus” culture on a medjum consisting of glucose, com
broth is filtered, and the filtrate is

The streptomycein is eluted from

tomyces g
steep liquor etc. The fermentation

adsorbed on charcoal or a resin.
the charcoal or resin with dilute acids.

Return Sludge

Combined Factory

Effluent Limer

Clarigester Effluent

Settling
Tank

Sump

Activated
Sludge process

[(T17

Send Drying bed

Equalisation

Figure 20.1. Flow Sheet for Treatment of Combined Antibiotics and
Other Chemical Wastes.

ime  “To load fill -

L
Acidic Water .-L Sand Dryihg
| T bed4I__| .
‘ Filtrate '
Waste condensor iltrate , FI'B' Sewer
water . - Balancing - Balancing Tank ‘
Tank Oxidation Pond |’

Nutrient Ha PDs | Primary biofilter
Waste from rest Junction |

of the section Box -

Domestic

sewa_g_e

iman blarifier
Primary ¢ Digester

Sand Drying +For manure

Bed

Figure 20.2 Flow Sheet for Treatment of Waste from a Large Synthetxc v

Drug Plant.

309

The elute is ther neutralised and concentrated. The crude
streptomyceﬂx is “thén pre01p1tated by the addition of acetone, and
further purified. had

Yields from the above processes in terms of Welght are small,
and out of the raw materials used in the fermentation rnore than
90% appear as wastes. This waste mycelium may either be sold as
manure or stock feed, or may be disposed off in any other way.

The liquid wastes from any antxblotlc plant may be divided into
the followiilg groups:. : :

(i) spent liquor of the fermentatlon process _

(i) wash waters used for cleaning of floors and equipments,

(iii) wastes containing acids, bases, and solvents used for

extraction and purification of the product, :
(iv) “Filter Aids” used in the ﬁltratlon such as, “Diato maceous_

. Earth”,

(v) Condensate from barometric condensers in evaporatlon

and drying under reduced pressure.

The composition of the combined wastes from two typical
plants producing penicillin and streptomycein respectively are g1ven
below (Mudrl & Phadke)

TABLE 20.1. Characteristics ‘of Antibiotic Wastes.

Item ' Penicillin - . Streptomycein
: plant plant =
" Colour Colourless . Pale yellow -
Odour ' Fruity smell = - Septic
BOD, mg/1 (5 day, 37°C) 650-5500 500-2800
Free ammonia nitrogen, mg/1 0-5.6 . 0.3-18.2
Nitrate Nitrogen m‘,/l 0.1-0.5 . 0-0.8
_Phosphate, mg/1 . 18-700 9-700°
Total solid, mg/1 - . 480-26200 - 960-4950
Suspended solid, mg/1 : 70-1080 © 80-1800°
Total volatile solid, mg/l . '20051'2180 : 480-3070
pH . . 3.9-7.8 N 2.9-8.7

The above table is based on the analys1s of the grab samples
taken from the plant efﬂuents The wide variation is observed due
to the fact that the batch. processes are adopted for ‘the productlon
in the plant. . ,
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20.2.2. Effects of The Synthetic Drug Wastes .on Recei\(ing'

Streams/Sewers :

Wastes containing toxic elements like cyanides and heavy
metals, if discharged without any treatment are harmful to the
aquatic life in the streams. These toxic elements interfere with the
biological sewage treatment units very badly. Similar effects are

observed with raw acidic wastes; these wastes corrode structures

in the sewerage system. Due to their high BOD content, a raw
waste when discharged into stream rapidly depletes the dissolved
oxygen of the stream and renders the water unsuitable for further

use.

20.2.3. Treatment of Synthetic Drug Waste ,

‘Due to the great pollution potential and the diversified
characteristics of the wastes from different sections of a plant, the
planning for the treatment of synthetic drug wastes should be
preceeded by a careful study of each waste. Segregation and
equalization very often improve the. overall treatment efficiency and

reduce the cost of treatment. If the wastes have high COD: BOD

‘ratios, bench scale laboratory biological treatment studies with
acclimatized seed sludge are necessary for proper planning. -

The acidic wastes, wastes containing toxic -elements ‘like
cyanide, and those containing offénsive-odour-producing
compounds are usunally seggregated and are treated separately. The
acidic’ wastes may be neutralized with lime. The odour-producing
compounds are usually destroyed by chlorination; compounds
which are resistant to chlorine may be destroyed by heating in a
furnace. - '

salts, where the cyanides are converted into non-toxic complex
compounds. In this particular process, lime is also added along
with ferrous salts to adjust the pH to an effective range. The
cyanide wastes are sometimes oxidized by a strong oxidizing agent
like chlorine, in an alkaline condition. This process is commonly
known 4s “alkaline chlorination”. The cyanide-containing wastes
can also be treated biologically in a two stage process—the
. anaerobic stage followed by an aerobic stage.

Chemical treatment for other wastes is usually found to be
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ineffective in BOD and COD reduction. Biological treatment
employing scclimatized microorganisms, preceeded by dilution is
often found to B% very effective for the treatment of composite
wastes, even when it contains larg‘e' amounts of toxic elements.

Waste - from a pharmaceutical complex, at Bangalore city,
producing - large number of isynthetic drugs, like Dexedrine,
Eskazine, Neuraphosphates, Iodex, Furasin, etc, which include
many toxic- compounds is found to be biodegradable when diluted
with dom#stic sewage, and acclimatized microorganisms are used
in the treatment of these wastes. The average composition of the -
waste after mixing with the municipal waste is tabulated in Table -
20.2. The combined waste is' characterised by a very high COD:
BOD ratio, and with a pH in the acidic range.

.TABLE 20.2. Average Composition of Combined Composité Samples of
Waste from the Synthetic Drug Plant at Bangalore City and a Nearby
Residential Campus.

1180-1242

Total solids, mg/1

Volatile solids, mg/1 -798-890
Fixed solids, mg/1 382-406
Settleable $olids, mg/1 1.25-1.5
pH o 6.5-7.0
. Acidity (Phenolphthalein), mg/1 25-55

5 day 20°C BOD, mg/1- 475-567
COD, mg/1 - 4680-6800
COD: BOD 8.3-13.9 .
Chloride, mg/1 . 54-102
Nitrate. Nitrogen, mg/1 28-32
Phosphate, mg/1° 2-5.5

BOD:N:P

. 100 : (5.6-6.5) : (0.42-1.04)

The segregated cyanide wastes méy be treated with fe‘rrbus

A pilot plant study with the above pharmaceutical plant waste
(Shivalingaiah ez al) indicates that about 95% reduction in COD,
and 88% reduction in BOD can be achieved in an extended aeration
process. A process loading of 0.075 kg of BOD/kg of MLSS/day,
MLSS concentration of 5000 mg/1, and a mean cell residence time -

. of -about 50 days is found to be optimum.

In another large synthetic drug plant at Hyderabad, prbducing a
large number of synthetic drugs including: Analgesics and -
Antipyretics, Anthelmintics, Anti-Filarials, Anti-Tuberculosis,
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