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This study invotticntes the performance of waste
stabilization pouds iucluding an anaeropbic and facul-
tactive pouds in seric: in the treatment of Textlle
mstes,

l\astewater tron “rit Industries Limited was
subjected for tra~tment at difterent detention times,
Th: efficlency of thz nond was determined by the degree
of removal of 3inchenical Cxyoen —emand (zCP),
~hemical COxyeen nem-nd (2C1), colour, suspended solids,
phospnates, Ammoni~ :itrocen, Nitrate-iiitroamsn and pHe.
samples trom the fhcultaivive nond were furtner subjec-
ted to chemical concenl-tion usino aluminium sulphate
as ceagulant,

At detention periodz of 5, 10, 15 and 20 days in
the aunaerobic rond "ud corresponding detention periods
0f 3.5, 7.0, 10.5 and 74,0 days respectively in ine
tacultarive pond,; tot-l ! CT rerovals of 51.31, 65,93,
67.63 and 10436% r-invetively were achieved,

Suspenced solids wns reduced to a negligible level
while total phosnhace:s removal of about w0,00% was
ocserved,s The hichrst colour removal (60,00%) was
achieved st 10 d-v= tention perieo~ in tne anasrobic

pond,
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The chemical coraulation of the effluent from
the entire stabiliz-tlon ponds system achieved a total
3CD reduction of about 90,00%, CUu reduction of 75.00%
and colour reductlon of up to 87.,00%.

The study shows th t 2lthough waste stahilization
ponds can achieve hich removal of the measured par meters
from the textile wastciuater, tertiary treatment will
be desirable for uporadine the effluents to meet
gquality objectives, 7Thi. can be achleved by chemical

coagulation,
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1.1 The pPolluilocs rrobhlem

Consequent upon mant's ability to develop and
use hicgh Technolegy, tic rate of pollution today is
very high, due to corresponding high rate of induse
trializotion, If m'n iz to survive on earth, pollu=
tion control is unavoidable, ‘'later for example must
be £it for human and ~nimcl consumption,

In the last tws doecoedes igeris has witnessed
an upward trend in industrial activities., CZuch
incustries as Textil s, peints, Food and lleverage, Iron
and steel, Agro allicd and @ host of others have
sprung up especially around the capital cities of Lagos,
Fort-Harcourt, Kano, Zeiin, Kaduna etc, Adequate
attention has not 'ea7n niid to the nature and control
of wastes produced by tihece industries,

The growth ol thce tentile industry, for

example, has baen so «re-~t that it has become a very

| S

large employer oI liour in the country today., “hen 1-
full operation, it & ecipccted to employ ahout 150,000
employees,

atiits LIBRARY

xasHim 1BE



The quantity o v tiur required for the operation
of the textile in-iurtry ic tremendous anu so 21so is
the emount of waziaowster cenerated. If wastes from
these industrioes are not treated before being disposed,
the usual disposil wedlic (land anc water), would
become polluted, -n ¢ zcn where rivers are used for
disposnl, such efflu:nls c<eny other users downstream
of many benefici~l unez of the water. Acuatic life
would be adversely ~ff.cted and the cost of treating
water from such rivers Ior water supply woulcd be high,

Recently the lon: overdue attention was given to
the envireonment throuvgh the estanlishment of the

Federal Znvironment .l [ rctection Agency (F=rA), in late

19E9,.
1.8 The Textil: .niistry

cpinning and we-vinge are among the oldest
industrial activicizos -ion has been involved in. It is

probably no exagger~tion to ctate that industrialization
storted with spinnin® .nc weavings The textile industry
wrs one of the very Zlrcl industrial activities in which
mechanization on ~» I-vroc scale took place, followed by

automation and mhaoi r.fduction (30om, 1981).



Textile products are an integrui part of every
person's daily life, They provide the basis for
clothing, for home furnichings, and for various domestic
fabrics., Textiles iirc encountered in vehicular
transportation, in recrce-~tional equipment, the construc-
tion industry, space c:iuplorction etc,

Textile wastes f2ll inteo the class of wastes
that contain pboth orcunic anc mineral impurities, These
wastes are deriv:d from ceterging and fiber preparation _
ancd from dyelng, printinae and other finishing processes
(Steel et al 1985).

There are varlicou lilnds of fibres (wool, cotton,
silk, linen, synthatlzs etc.) and the colours of good
produced are equ-:llvy muworous, and it is responsible
for the variability in the composition and strength of
tentile wastes,

Fair et al (1734) noted that waste waters from
textile works are oo v.ricble in volume and composition
that expirimcntatinA ciould precede the selection of a
plan for treatment.

According to »rar ._.:__:i (1954) and sSteel _e_t_a_l.
(1985), the sicniric-ut pollutants of textile wastes

include organics, -=olcir, suspended solids and high pH.



1.4 Zaria Industries Limited - Background Information

Zaria industries limited (ZIL) is one of the few
industries that derived all its raw materials locally.
The industry is located in pakace village along old Jos
road in the outskirts of Zaria city. The industry was
established in 1975 at an initial cost of N3 million by
the North Central State Government in conjuction with
two Japense firms, uUntika Limited and Nichiem. The
industry was established primarily for the manufacture
of tarpaulin, and started with a staff strength of 250

workers. The staff strength has now risen to about 370.

ZIL manufactures over 1200 tons of yarn annually
from which a wide selection of different types of
tarpaulin in various colours are made. ZIL products
are developed for various essential uses. 100% canvas
tarpaulin is useful in covering of all items that
should pbe protected from intense heat, e.g. fertilizers,
chemicals anc other items packed with paper. Other uses
include lorry covers, camping tents and vehicle shades.
Apart from tarpaulin, ZIL.also produces other textile

goods like school uniforms.

1.5 Production of Textile Goods

The general activities in a textile industry
may be divided into three namely: spinning, weaving and
finishing/printing. At Zaria industries these activi-

ties are carried out apart from printing. yarn is made



during spinning of cotton. The yarn is later turned
into cloth through weaving. weaving involves interlacing
of the yarn, first by warping and sizing, then pirn
winding and lastly cone-winding. waste-water is hardly
generated in the spinning or weaving activities, the
only instance where water is used is in the sizing where
starch is used on the material undergoing weaving,

The finishing stage is where over ninety percent
of the total water demand in the textile factory is
expended. The factory manager puts the monthly water
demand of ZIL at about 7000m3. Finishing works at ZI1L
include desizing and scouring witn Turkey red and
sodium hydroxide. Other activities in the finishing
shop are bleaching with hydrogen peroxide, colouring
using vat dyes, under treatment with calcium carbonate

and final treatment with parafin emulsion.

*1a6 The Objectives of - Sﬁ”d”

The present study is aimed at investigating.

the performance of stabilisation ponds in the treatment

of textile wastes from Zaria Industries Limited, Tertiary
tréatment for polishing the effluent 1is also carried out
by chemical coagulation.

The choice of this bioclogical process for ;
industrial waste treatment is its ability to proéuce
effluents of reasonably high quality, comparatively low
cost of construction and operation and the ease of maine-
tenance by locally available and relatively unskilled

labour.

5



CHAPTER TWO

LITERATURE REIVISW

2.1 The Textlile Wastewater

The bulk of water in the textile mill is used in
the finishing shop of the factory where the dyeing and
washing take place. The wastewater 1s generally
charactericed by high pH, BOD and Solids (Steel, 1985;
Fair‘gg'gi 1954)s The main contaminant is the dye used
in colouring thc garment. Dyes are classified into
direct, acid, basic, sulphur, vat and miscel-
laneous. The direct, acid, and basic dve wastes are
all highly coloured and generally have higher BOD
than domestic sewage.

Dircct dyes are soluple and may be used without
any mordants or adjuvants which themselves are often
more toxic than the dye itself, Because of their high

sclubility, direct dyes (which are Azo compounds), are
difficult to remove from industrial wastes. They are
used nainly on cotton, rayon, and vegetable fibres.
Some direct cves are derivatives of benzidine and
tolidine {.cssclievre; 1976).

Acld dves are used on animal fibres such as
wool. They arc salts of color acids and are also Azo
compounds of benzidine and tolidine. Basic dyes are
capable of dveing animal fibres directly but they require

tarning nordant for vegetable filbres. They are salts

of colour lL:aces.



sulphur dyes contain sulphur compounds and are
used in conjur tion with sodium sulphate in the dye bath
but are vsed exclusively on vegetable fibres. They é-e
difficult to Lreat and their effect on clreams is
frequently quite detrimental (‘esselicvee, 1776),.
Vat dyes acquire thelr dyeing properties as a
result of the reducing action in the dye vat just prior
to dyeing. They are gencrally used with cotton, and
they mav o compounds of anlhracene or indigo (Besselevre
et a', 1970).
The quantity, strength anc character of wastes

from a toxtile factory depend on the way in which the

dye is applied and how cften dyes are changed in the

cperation oI cach process (Besselevre et al, 1976).
22 v.asctewater Treatmont FProcesses

Accordéine to Steelgi'ii (1985) and Hammer,

(1975), vestewater treatment fellow the following
general processes

(a) Preliminary Treatment

{(b) >2rimary Treatment

(€) secondary Treatment

(d) Advanced or Tertlary Treatment,

the srelininary treatment is dosigned to

remove varving quantities of floating ancd suspended

sollids, somc ©f considerable size. These are materials

such ac ro~3, pieces of wood, metal, plastic or rubbrr

or fracuonis of masonry which may enter sewers and



eventually reach the treatment plant. These constituents
are removed when their presence would interfere with
subsequent treatment processes or mechanical equipment.
Primary treatment is mainly a sedimentation
process which is intended to remove suspended organic
solids. Rectangular, circular and square tanks are used
for sedimentation.
According to Steel et al (1985), primary
clarifers arec usually cesigned to remove particles with
settling velocity of 0.3 to 0.7mm/s. Within this range,
suspendec solids removals range from 30 to 60 percent
depending in port upon the original concentration.
Seconcary treatment |© intended to remove the
éolublc and colloidel organic matter which remain after
primary trcatment. Secondary treatment is usually a
biological treatment process. However material
removed in this process can be brought about by physico=-
chemical means (Steel et al, 1985).
The secondary treatment consists of application
of a controlled natural process in which micro-organisms
remove soluble and colloidal organic matter from the
waste,.
The design of secondary treatment systems
require that a large active mass of bacteria is main-
tained within the system. The techniques used in
secondary processes may vary widely, but the basic
principles remain the same. The systems may be broadly

classified as either attached (film) growth or suspended



grovwth proccsses.
Attachod growth processes utilize a scolid

medium upcn wiiich bacterial solids are accumulated in
order Lo maintain a high population., Attached growth
processcb include intermittent sand filters, trickling
filters, rotating biological contacters and a variety of
similar proprictory devices. 3Suspended growth processes
maintain an adequate biological mass in suspension
within &the reactor by employing either natural or
mechanizal nining. Suspended qrowth processes include
activatod slucdge and it's various modifications, oxida-

1

-
=
— e

tion pond, and sludge digestion systems (Uteel
1885).
Advancoed wvastewater treatment techniques are
performed for pelishing effluent from conventional
gsecondary treatment preocesses. The best demonstrated
procedures include intermittent sand filtration (Harris,
et al, 1977), dissolved air flotatlon (Stone, et al,
1975), coaculation, sedimentation and fllteration
(parker, 2t al 1975). The impurities may include
soluble inorcanic compounds such as phosphorus or nitrogen,
which may curport alcal growths in receiving waters;
organiz matarials contributing biochemical oxygen
demand, < ~icnl oxvgen demand, colour, taste and odo-;
bacter® .; viruse:; colloidal solids contributing
turidi.v; or soluble minerals which may interfere with

subsequan. re-vse of the wastewater (culp, 1971).




Tha purpose of advanced waste treatment is to
alleviate pollution of a receiving water-course or to
provide a water quality adequate for re-use, or both.

treatment process may be used in

rm
T

The advanced
conjunction with, or to replace the conventlonal secc 1\dary

pProcaesi.

2.3 Treatment of Industrial wastes

It ig difficult to treat all waste in the
same manner. DRefore any reasonable statement can be made
about the methods of treatment,; some classification must
be applicd to the various types of industrial wastes.
vastes could be classified as elther biological or non
bioclogical. ‘'laste from living or nreviously living
sources are called biological wastes., The treatment of
such wastes is generally different from wastes from
non-living, non blological sources.
iolonical wastes include discharges from
municipnlities, tanneries, paper mills, food manufac-
turing plants, slaughter houses, textile plants etc.
Non bioclocizal wastes include wastes from metal-plating
industrins, aircraft manufacturing industries, sheet-
metal indur-tries, and printed circuit board manufacturing
(Resseliovre, 1976). Most of these industrices discharge

what is coivrtonly referred to as "spent chemicals'" into

) tinent processes emplovyed depend upon the nature
£ X N nay be physical, chemical, biological Qr

any combinaltion of the three. "haracteristics and possible




TABLE 1: INDUSTRIAL WASTES AND TREATMENT PROCESS (Steel et al, 1985)

¥

IRV, | j(l Y

SOURCE CHARACTERISTICS TREATMENT

Food Industries

N I

’./

brewerlies high nitrogen and carbohydrates biological treatment,
recovery, animal feed
dairies high fat, protein, and
S carbohtdrate blological treatment
meat processing high protein and fat (may be screens, sedimcntation,
G waER) e -flotation, biolecgical
treatment - - - _ e
o
soft drinks high BOD and solids screening, bioclegical treat-
ment .
Chemical Industries
acids _ low pH, low organics neutralization
detergents high BOD and phosphate filotation, prccipitation
Materials Industrics
foundries high solds (sand, clay, and coal) . screens, drying
oil dissolved sollds, high BOD, Injection, recovery of oils

odor, phenols



Materlals Industries

steel

textiles

TABLE 1 (CONT'D)

low pH, phenols, high neutralization, coagulation
suspended solids

high pH, and BOD, high solids neutralization, precipita-
tion, biological treatment

12



2.4 roatment of Textile =ffluents

Textile ¢ffluents may be treated biologically or
by soeme »Dhysical and chemical processes. Fair et al
(1954) for c:ianple, noted that textile wastes could be
treated hioclonically and that the colours in them could
be removed chemically (by coagulation, bleaching or
adsorption), although decolorization is rarely complete.
Furthermore thoy established that wastes from textile works
are so variavle in volume and composition that experimenta-

tion should precede the selection of a plan of treatment,

Newlin (1971) observed that hecause textile wastes
have very hich ¢ values and are high in ccrbonaceous
contents, thov should be easily decomposed bacterliologi-
cally, if the pil is not too high or teoo low and if
appropriate nutrients are present. He further observed
that what mav scem to be an arlequate solution to the
waste troatnini problems of the textile incdustry at
present may in future be obsolete due to advances in the
textile manulacturing precess or to new treatment methods,
Thus thare ic no simple solution to the proulem of
treating textilewvastes and estimating tneir associated
costs becausn~ c¢f their changing nature from plant to plant

over a neric. of time.

13



Noguchi ot al (1974) observed that the use of
high rate trickling filter was required for greater than
70 percent biochemical oxygen demand removal in degumming
and dyeinag vastes. The trickling filter process alone,

however did nol remove colour appreciablly.

Sinder and Porter (1974) studiecd the effect
of ozonc at acidic, neutral, anc alkaline pH's in removing
chemical oyvoen demand anc colour from three textile
wastes, and from standard colour solutions.
At ozone level of 1qg/1, essentially all of the colour
was removeod after 1 hour of contact. Colour analysis
was affected by suspended solids produced during the
oxidation ol orcanics. lp to 55% COI» was removed by

ozonation,

According to pMizumoto and liorie (1974), treatment
of dye wastes with a combination of ozone anc activated
carbon dicplay a synergistic effect. Qzone removed only
about 107 ol the BCL while activated carbon removed 60
to 80%. Czonec removed most of the colour while activated

carbon abgsorbod that whick remained,

2e5 .aote Stakilization Pronds

2451 ofinitior and Tyres

raste stahilisation ponds are large shallow
basins cnclozed by earthen embankmeni in which raw sewage

is treated “v contirely natural processes involving both

14



algae and bacteria.

‘ons i eorable advantages are assoclated with
stapbilination pond treatment particularly the cost of
constructicn and maintenanc: and the removal of faecal
bacterin. In hot climates where sufficiont land is

most favouriable ‘or thelr operation, pond systems are

the moct inportant method of treatment (Mara, 1976).
vaste sitabilisation ponds include three major
types: fucullative, Maturation and Anaercbic ponds

ANy

(Mara, 22733 CGloyna, 19713 Lumbers, 1979),

2aDwe Tacultative pPonds

Tha tern “facultative" refers to the existence
of both anroiic and anaerobic conditions within the basin.

In a facultative pond, acrobic conditions are maintained

in the  :cr layers while anacrobic condition exist
towards tiic ottom (liara, 1976). Complex biological
activitics co on in a facultative pond which result in
the 5@ . tic interaction between bacteria and algae

in the orecence of sunlight, Dissolved Oxygen (D.0O) in

the pond ic vitilized by the aerobic bacteria to break

down t!:- —omnhlex organic matter and release COZ, Ho0y
no;, PC,  and other inorganic nutrients. 1In the
presenc.: o suplicht these end products are assimulated

by pholtog'inilthetic alcae with the release of oxygen as
an end orodvect, Thus thore is an association of mutual
it (tLombiosist) between algae and bacteria in the

ponde Anzrt from the liberatec oxyaen by »hotosynthetic

15



algae, tiic cerobic degradation at the upper layer of
the pond in fupther facilitated by oxygen derived from
surface re-=ccration,

A nunber of environmental factors influence the
performance of facultative poncds. These iInclude solar
radiation, lenperature, organic load, pil, variation in
solubla, secttlcable and non-settleable solids, toxicity

of the inlluent and the depths and shapes of the ponds
(Gloyna, 1272 larais, 1974). Diurual variation of
dissolved o:xycen concentration oczurs in a facultative
pond. Drrinc cdaylight, algae produce most of the oxygen
required in the aerobic zone. As long as they can
produce an ¢:cess of oxygen above the bacteria-oxidation
requireriont, an aerobic environment, which may even be
supersaturatad with oxygen, will be maintained. At
night, howcver, alagae will demand oxyoen in the same
mannor as acteria for respiration (riarais, 1974; Mara,
1976)« ‘lhe Lacterla and algae at night rely on the ‘
excess oxycen produced in the daylight and the additicnal

from wind re-c2oration for survival.

2.5+1.2 - iaturation ponds

Tthis is cdesigned as second stage to facultative
ponds, i's nmaln function is to reduce the number of
pathogonic micro-organisms through extended detention
time in an inhospitable environment. It also achieves
nitriti allon of treated effluent especially as it is

wholly 5 :robic. BOU removal in a Maturation pond is
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small, Mara (1976). It would require two ponds in
series, cach with detention period of 7 days, to reduce
the 80D from about 50-70 mg/L to 25mg/L.
A maturation pond usually has the same cdepth as
the prececding facultative pond. Due to its shallow
depth (1 - 1.5m), destruction of bacteria and viruses is

quicker than in deep ones (Marais, 1974; Mara, 1976).

2abil:3 Anaerobic Ponds

These are deep ponds (usually 2-4m deep) specially
designed to receive and treat wastewater of high organic
loadinns. Though it can treat dilute organic wastewater,

it is moct advantageously employed in the pretreatment
of very strong wastewater with high solids content.
The solics settle to the bottom of the deep pond where
they are dicested anaerobically, while the partially
clarificd supcrnatant is further treated (usually in a
facultative pond) before it is discharged into a
receiving body of water. Provided the pH is higher than
6 and the temperature is greater than 15°C, the anaerobic
pretreatment pond has beeﬁ observed to achieve BOD
reductions of up to 70% within 5 days detention time
(Mara, 1976).
The processes in the anaerobic pond involve the
acid formcrs that first convert the complex organic matter
by hydrolysis and fermentation to simple fatty acids
mainly, and to some aldehydes and alcohols. Secondly,

anaerobic bacteria (the methane formers) convert the
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acid tc methane ~nd c.r’ on-dioxide. It is at this stage
that waste stabilis~tion occurs, and it is directly
proportional tec thn “mount of methane producecd (iietcalf,
et 21, 1972), Tho suzcesuful operation of anaerobic
ponds depends on thr delicrte balance between the acide-
forminc bacteria an<d the mcthene formers (liethanogenic
bacteria). Accordinc to jara (19756), a temperature
greater than 15%2 1: nocessary and the pond pH must be
greater thsan 6 for cuiltarle equilibrium te exist in

the pond.

2542 Aoplisnnility, .dvantaces anc .Jdsadvantages

of "‘asta _tonilic~tion Ton-s

265.241 Aonlicabilitv

Apart from bein uted in hot climates, waste stabi-
lisation ﬁon‘z are wood ot all latitudes even as far as
Alaska (iara, 197G6) ~n. 'y both developed and developing
countries. Though sone failures have been renorted, tney
arc usually due to himan error 2t the design stage,

These failureslinvolv? in. dequste capacity, leakzge or
flow contrel anpi poer i intenance (llara, 1976), .aste
stalilisation monic ~ro suvited for the following appli-
cations according to :leoyna, (1271); Hammer, (1975);
and Mera, (1976).

(1) Treatment of deomnctic wastewater and some forms

of piodegr:dri*l. faricultural and incdustrisl wastes,

either as prim rv, cZeccondary or tertiary treatment

ponds,
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(ii) Complex industrial wastewates contalning toxic
substances, dye works wastes, milk processing ?
plant wastes, slaughter house wastes etc., These
may require special pretreatment before being

introduced into waste stabllisation ponds.

2.5.2.2 Advantages

The advantages of waste stabilisation pond
systemflnclude: j
{a} ability to achieve high degree of wastewater ;
purification at low cost. Infact, it is the Eeast
expensive of the major conventicnal wastewate?
treatment systems. E
(b) It is easily operated and maintained, neediné
mainly unskilled locally available labour. |
{c) It 1s able to withstand both organic and
hvydraulic shock loads.
(d) The removal of pathogens is considerably
areater than that in other methods of sewage
treatment.
{e) It can effectively be used to treat a wide
varicty of Industrial and agricultural wastes.
(£) It can easily be reclaimed should the land be
required for some other purpose (Hammer, 1975

Mara 19763 Lumbers, 1979), i
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2¢50243 Disadvantages

“he dicacvantages of waste stablization pond
include;
{a) ~he large area of land required for it's
construction (Mara, 1976).
(b) 7he high concentraticn of algae in the effluent

and consequent effect on the receiving body of

vater.

2ab.3 L IGHN MATHODS

2.5e301 tesign Preliminaries

In owder te maintain the optimum liquid depths
neceschry for cificlent operation, adeguate provision

shoul< ¢ made to
(i) ccomodate the maximum run-off contribution and

maxinum subsoil infiltration which generally
occur in the rainy seascn and

(1) ilaintain adequate liquid depth in the pond during
‘ry scason when minimum infiltration, maximum
ovapqration and maximum seepage losses occur,
(ixrcy 1976)« The range of depths most commonly

used for cach type of pond is as follows:
Focultative Ponds 1.0 = 1,.5m
aturation " 1.0 = 1.5m
anasrobic i 240 = 4.0m,
“he length and breath are usually in the ratio

2=3 to 1 = [lira (1976).
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The mid-cepth area is given by

A = UL Eqn, 2.1
D

where Q@ = Volumetric flow rate, m3/d
t* = FRetention time, d
D = Pond depth, m
The surface BODg loading Ls which is the weight
of BODg applicd per unit area per day expressed as

Kg/ha.d: is

A

-
1o
n

where Influent BODg in mg/L

flow rate in m3/d

K
n

Mid=depth area in mz;

Is
i

2:503.2 Design of Facultative pPonds

The <desicn of a facultative pond is currently
based on empirical and rational methods. The rational
methods incluce the completely mixed flow, the plug flow,
and the dispersed flow. Other design methods are the
empirical formulations oflcloyna, (1972), Mara, (1976)

and Lumbers, (1979).

(a) The national Method

(1) Comnletely mixed flow: This design method is

based on the assumption that the contents of incoming
waste are instantanceously mixed with the pond

contents, and that the effluent is identical in
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composition with the contents of the pond. It also
assumes a first order process Kinetics (Lumbers, 1979;
Mara, 197G).
The design equation based on these forgaing

assumptions is civen by the following expression:

1_.,9- = 1 - L“.qn' 2.3
Li 1 + k1t
where

Le = zffluent BOD (mg/L)

Influent BOD (mg/L)

-
14
1

X1 = Reaction rate constant (d-i)
t = Retention time (d)

The recaction rate constant K is reported to vary
with temperature (T) of the pond (Mara, 1976).

south African practice sugeests that Le should be
50 to 70 g/l in order to keep the pond predominantly
aerobic for depths of 1.0 to 1.5m. The value of k.1 is
about 0.3d~* at 20% (Mara, 1976); and its variation with

temperature is described by the equation

t, (T) = 0.3 (1.05)T720 Ban. 2.4
Wasr2
K.(T) = value of Ky at T°% (Mara, 19763 Lumi 2rs

1979) .

(75 % 4 The IFluag flow: The assumption here is that all

flow elenents move with uniform velocity in the direction
of flow and that there is no longitudinal mixing along

the linc oI flow. However there is mixing in directions
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parpendicular to the line of flow (Mckinney, 1962);
Lumbers, (1979); Nenerow, (1971).

The declian eguation for pluqg flow is as follows

Le = e—ﬂt TN e 2:5

13
All parameters are as defined previously.
Though the ideal plug flow assumption has been used in
biclogical waste treatment designs (Gloyna, 1972),
investigations have shownthat hydraulic flow pattern

cannot exist as plug flow in facultative ponds.

{111) e “igrersed flow Nethod: Tnis method is based

on a non-=iucully mixed reactor, given by lJehner and

Jilhem { T_i‘.r_)u: as

Zgn. 2.6

£ = 1
T 5 4a exp (*3d) &
1 + a)” exp (a/2d) = (1 = a)~ exp (~a/2d)

b
whore 2 = (1 + 4 klt'd)

The degree of intermixing that occurs is usuvally

expressed In terms of dimensionless dispersion number - d

where d = /UL
D = ‘oefficient of longitudinal dispersion (mz/hr)
U = &he mean velocity of travel (m/hr)
L = the mean path-length of a typical particle

In the renctor (m),
Zauation (2.6) reverts to equation (2.5) for
"plug flow" if d = 0, and to equation (2.3) for
"completely nmixed flow" if d =, The dispersion number

can be evaluated by the "Tracer method.” Most
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stabilisation nonds are reported to have dispersion
number in the range of 0,1 to 2.0 (Mara, 1976; Gloyna
1972). Thirumurthi (1969), however stated that for
waste stabilicsation ponds, d will seldom exceed 1,0

because of low hycraulic loads.”
“men d is less than 2.0 equation (2.6) can be
approximated to

Le = 4 acexp (1 - a)/2d TGN e (2.8)

%1 (1 s a)z—

The use of equations (2.,6) and (2.8) for design is
cumbersome and inconvenient, The Thirimurthi chart
(Thirimurtini, 1969; Gloyna, 19723 lara, 19756) has been
preparad Irem it for design purposes. This is shown in

Figure 1.0,
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Fige 1.0 DESIGN FORMULYA THART FOR DISPERSED
FLOW.THIRUMUTHI (1969)
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{(b) Other Deslgn Methods

(1) Organlc load per unit Surface Area of Pond

past experience of stabilisation ponds performance
under variocus climatic conditlons and various organic
loadings has led to some suggested loading for design
purposes. Table 2 indlcates such suggested values.
Gloyna (1971} and Lumbers (1979) sugg%sted_that these

values should be used only where limited information is

available,
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Tabile 2

QRGANIC LCAD F.D LUz SUNFACE 222M €FP FCNR (Lunmbers, 1979)

surface Lo~ading M~tontion reriod Tnvironmental Conditions

U:QTCQS/ha.d) (days)

10 z00 Friqgid zones, icy low
water temperature
variable cloud cover.

10 - 50 100 - 200 Cold seasons, icy,
temperate, short
summer sSeason,

50 = 150 33 = 100 Temperate to semi-
tropical. wo preclenged
cloud cover. Ocasional
ice cover.

150 - 350 17 - 33 Tropical, uniform
distribution of sun-
shine and temperature,
Mo season cloud cover.

13} ieGarry NI':;E&WN” Formula

After analysic ol operational data from many
facultative ponds 211 over the world, it has been shown oy
MeGarry and pescond (2050) that the maximum 3CLe surface.
loading that could 'z ~'nlied to a facultative pond betfore

it failed (i.e. becone cormrletely ananercbic) is related

to the mea, monthly ~moiont Aale temperature as follows
~

Ls = 11,2 (1.054)° {2.9)
where

Ly = mestimnn (L. loading, Kg/ha.d.

=] -t
(o}
T - tannnrature, Pa

However for dosion purposes, introduction of a

frctor of safety wwoul. he required:
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There.ore equation (2.9) is modified as

Ls = 7«5 (1./054)F (2.10)

An alternctive design equation for Lg is

Lg = 20T - 20 (2. 11)
where I is in 0C
The design eqguation for A is then simply

obtained from 2.2 as

: (2+%2)
A - LiQ
2T » 12
(1ii1) 1Indian ompirical procedure

gxperience of pond operation in India has yielded
a desiqn which relates the permissible loading te latitude
Ls = 375 - 6.25 L (2+13)
where L = Latitude (range in Indla 8 - 36°N).
This cdesign procedure is masically similar
to the Mciarry and pescond procedure because latitude

is some measure of temperature.

242343 cesiagn of paturation pond

Maturation ponds are designed using complete
mixing, first order Kinetics to predict sacterial die-

cff{, rather than BOD removal (Lumbers, 1979; Gloyna,

1972)« 1In acdcition some design criteria are used.

Mara (1976) sucgested that to produce an effluent with
a ROD5 25 mg/l, twoc maturation ponds in series, each
with a detention time of 7 days are required. This is

based on the sssumption that the BODg of influent is less
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than ahout 75 mg/l., Pond depth of 1.0 - 1.5m is

also suatosted. Ponds in series achleve better results
than sinqgle ponus of equivalent retention time in the
removal ol bacteria and reduction of algge concentration

in the final effluent (rara, 1976).

pe J e | Lesign of Anaesrobic Pond

The optimum retention time is 5 days with
observed 20D reduction of 70% (Mara, 1976). However,
retentlon times of less than 5 days have also been

observed to achieve BOL reductions of between 50% and
60%s The above is achievable at temperature greater
than 20°C and pH higher than 6., The depth adopted
vary from 2 to 5 meters; BOD surface loadings are 1in
range 1000 to 6000 kg/ha.d while volumetric loadings are

in the range 0«19 to 0.24 kg BOD‘/ma.d.

The volumetric loading parameter has been found
to be tiiec most useful design criterion for the design
of anacrobic ponds, proviced tne depth is sufflcient to

maintain thoroucgh anaerobic conditions (Metcalf, 1972).

An empirical design relation derived by
vincent ot al (1963) also known as the Zouth African

procedure is given by

Li

1 + kn{Le)™t
b

tv-
0
u
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3y

where Kn = Digestion rate constant (d~
n = constant
te = Detention time (days)
4 ; = Influent BCD (mg/l)
Le = Effluent BOD (mg/l).
For zambian conditions, Kn and n were found

to be 6.0 and 4.8 respectively for a pond temperature of

20°¢.
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CUHAGSZR  THREE

S22 LRzl nTi L. PROCEIURS

o e e TERIALS
3a13 lMocel CStabilisation ponds

The laboratory waste stapilisation ponds used
consisted of a rectonoular storage tank, an anaerobic
pond, and a facult~tive pond, The capacity of the
storcge tank was 170 litres. The workina capacity of
the anaerobic pon! wns (0 litres with dimensions of
40cm x 30cm x 60cme, 2" dimensions of the facultative
poné were S0cm x 100un x 1Ccm with operational capacity
of 42 litres. The cicoo ol the anaerobic pond were
covered with a blacl polvthene sheet to prevent light
penetration into th: rond. Figure 2.0 shows the

arrangement of th: lilorctory stabilisation ponds.
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3.162 The Jar-Test Apparatus (for Coaqulation

Treatment)

The standard 1laboratory Jar-Test equipment
manufactured by pPaterson Candy International Limited

England was used,.

3s163 Cther Laboratory Equipment

The following laboratory equipments were also

used.

(1) The Reflux apparatus manufactured by Gallenkamp
zngland was used for determination of Cou,

(ii) The spectrophotometer (Spectronic 20) manufac-
tured by Bausch and Lomb Incoporated New-York.
UeSeAes was used for determination of Nitrate-
Hitrogen and phosphates.

(1i1) The Incubator manufactured by Gallenkamp of
ongland was used for incubation of BOD bottles
and petri-dishes (inoculated) for bacteria
count.

(iv) Thce pH meter, model 292 MK2 manufactured by
PYE UNICAM, England was used for pH determina-
tione

(v) The Cven made by Griffin and George Limited,
Middlesex was used for suspended solid

cdetermination.
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(vi) A chemical balance Mettler P 160N manufactured
by Gallenkamp Limited £ngland was used for
\leighing,

{(vii) Stop clock manufactured by Znglish Clock Systems,

Great Britain was used for timing.

(d) Glacsware. The following Glasswares were used
(i) BOD bottles made py wheaton U.S.A.
(ii) Measuring cylinders = Kinax U.S.A.
(iii) conical flasks = "pyrex" - Zngland
(iv) Beakers - " "
(v) pPetri-dishes - " "

(vi) Refluxing flasks = Borosilicate zZngland

(vii) Nessler-=Tubes - "pyrex tngland
(viii) Burette - Technico=England
(ix) Pipette = " "

3e.1.4 The Sample

The wastewater used in this study was
oblained from Zaria Industries Limited. The sampling
was carriced out between August and December 1990.
The waste was collected just at the point of
leaving the finishing shop (the last stage of production
activities) with buckets attached to ropes. Grab
samples vere collected once in every 30 minutes for

3.0 hours and mixed.
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3.2 Methods

The storage tank, anaerobic pond and the
facultative pond were connected in series as shown in
Fige 2.0 The flow was by gravity. At the start of
experiments, the anaerobic and facultative ponds were
filled with tap water and seeded with raw sewage
(from AeDels sewage treatment plant) and with some of
the textile wastewater. The ponds contents were
throughly mixed and left for 10 days. Algae suspension

developed after 7 days in the facultative pond.

The anaerobic poncd was operated at detention
periods of 5, 10, 15 and 20 days. Th2 corresponding
hydraulic loadings are 0.4, 0.20, 0.15 and 0.10 m>/
m?.d while the organic loadings are 4266.68, 2133.34,
1925,00 and 1474.00 kg/ha/day respectively. The
facultative pond was operated at detention periods
of 3.5, 7, 10.5 and 14.0 days. The corresponding
hydraulic loadings are 0.096, 0.058, 0,032 and
0.024 m3/m2.d while the organic loadings are 529.60

277.05, 174,61 and 147,02 kg/ha/day respectively.
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The initial 5 days detention time was chosen for
the anacroblic nond in order to avoid some short comings
observed by Mare (1976) with anaeroubic ponds operated at

detention tircs less than 5 days. Some of the shortcomings

arei-
(i) The release of ogeur 1s greater
(ii) The interval between successive desludging
operaticns is shorter.
(iii) Tha bacteriological guality of the final effluent
is pourer.
(iv) The »0p removal is smaller.

The of fluents from the anaerokic pond was —_
admitted into the facultative pond by gravity and main-
tained at thn reguired detention times. For each detention
time, mesnurem~nts of guality parameters started when
the contonts of the ponds appeared to have been completely
flushed wut. reasurements were made at 2-days intervals
until the ox;poriments were terminated when steady state
conditinns wrre reacned as indicated py little varigtiouns
in the valuss of the effluent parameters.

rhe effluents from the facultative pond
system fbr uacﬁ cetention time were subjegcted to coagula-
tion using aluminium gulpnate Coagulant. The purpose of
coayulation was te further reauce the colour from the

waste woiich was not adequately removed oy stabllisation

pohd S
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The following parameters were measured.

1e The 5-cday Blochemical oxygen Demand (BODg)mg/L
2. The chemical oxygen Demand (CoD) mg/L
3. pil
4, colour (chleroplathlate colour unit)
5.4 suspended scolids (mg/L)
6. mitrate=pitrogen (mg/L)
i Ammonia =Nitrogen (mg/L)
8. phosphates (mg/L)
All mcasurements were carried cut in accordance

with nglandard j.ethods for the Examination of water and

wastewatern (American public Health Association 16th

gdition, 1985).
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CHAPTER FOUR

RESULTS .

The results reported in this chapter are
grouped into threce sections:
(1) raw wastewater characteristics.

(ii) zffluent characteristics of the treated waste-

—

water.

(iii) Chemical ccagulation.

d.1 Characteristics of FRaw wJastewater

Table 441 shows the characteristics of the
raw wastewater from ZIL Textiles and the correspeonding
effluencs in River Galma. These are the average
valuas of the daily measurements at different deten-

tion time as shown in appendices 1 - 4,
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Table 4.1 Characteristics of Raw wastewater

Characteristics effluent from ZIL cutfall into
Industry River Galma Avere
Range Average Range age -

1. Colour(uUnit) 400700 12,5 350-500 425

2. PH 7.3=8,0 8,0 8,1-9,.3 8.5

3. BOD (mg/l1) : 1066-1474 1270.67 700-910 820

4. COD (mg/1} 2530-2996 2764.33 2000-2260 2150

5. Nitrate fitrogen
(mg/L) . 90.05-107,0 96,16 109.120 114,75

&, Ammonia~Nitrocen

7. Zuspended olids 14,9-77.28 36,12 20.,0-53,0 35.75

B. Phosphatés _
{mg/1) ' 3.76.620 5.18 4.,0-6.8 5,05

4.2 zffluent Characteristics of the Treated Yastewater

4,241 plochemical Oxygen Cemand (BOD) and Chemical Oxygen
Demcnd (COD)

Tables 4,2 and 4,3 show the average stabilized BOD
and COD concentrations of the effluents from the stabiliza-~
tion pond syctem at the various detention periods and their
corresponding percentage removal. The stabilized values of

BOD and COD arc obtained from Appendices 1 - 4.
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Table 4 02:

BODS (mg/l) Concentrations

Detention Influznt Stabilized % age Stabilized Total
period (Average) =zffluent Removal Effluent % age
(days) From AN From AN. From FAC. Removal
*AN. *PAC POND POND POND

5.0 3.5 1066.67 5S51.67 48,28 280,00 73,75
10.0 70 1066,67 477,67 55,22 225,00 78,90
15,0 10450 1233.33 545,67 57.48 232,67 81,86
20,0 14,0 1474,00 612,62 58.44 254,67 82.72
* AN = Anacrobic pond
* PAC = PFacultctive Pond l

.-‘

Table 4.3: 20D {(mg/l) Concentrations :
NPetention Influcnt Stabilized % age Stabilized Total
Feriod (/verace) zffluent Removal =ffluent % age
(days) From AN, From AN. From FAC. Removal
*AN. *FAT POND POND PCND

5.0 265 2532.33 1433.33 43.42 1233.33 51.28
10,0 7.0 2400,00 1100.00 54 .16 817 .67 65.93
20.0 14.0 2996.00 1306.67 56.40 888,10 70,36

Fig. 4.1 and 4,2 show the plots of BCL and COD

removals with respect to detention time and organic loading.
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44242 von="ioenradable Crganic rlaterial

The value of the Non-Blodegradable Material
{(NDIM) in the two ponds were calculated by subtracting
BODS conceontrations from corresponding COL values at
various detention times. These are shown in
Appendix 5. The respective percentage concentrations
of non=biodecradable material were also obtained.
Flge 4.3 chows the plots of percentage N,D.M. against

detention time.
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4.2-3 ..:C)Iids ' . ' . -

Table 4.1 shows the concentraticn of the suspended

solids from the stabilization ponds effluents- Y
Tabhle A.%; urpenaed Jolids {(mg/l) Concentrations .
LDetention Influent Tffluent wffluent
reriod (davs) from AN from FAC
PUND POUND
5.0 3aD 16,37 Neqgligible Negligible
10.0 7.0 14.90 " 1]
15.0 10.5 35.93 " "
20.0 14.0 T7.28 " "
A oye all Colour

Table 4.5 shows the concentration of the colour
of both tih rav wastewater and the treated wastewater and

the corrasponding percentage removal.

43



Table 4.5 ‘oluur {Chloroplatinate Colour unit)

petention Influent gffluent % age efflu Total Remarks
Period(days) from AN . Removal ent % age

AN FAC. POND from AN from Removal

POND FAL -
POND .
b.0 3.5 400.00 |, 200.00 50.00 2900.00 .50.00 peep/sky
v . N Blue Dye
1059 7.0 350.00 150.00  57.14  140.00 60.00 Deep Red
LTSN, pye
15.0 " 105 600.00 400.00 33.33 400.00 33.33 peep Green
. Dye »
20.0 ~14.0 T00.00 450.00 35.71 500.00 28.57 Dpeep Green
.- SR — Dys *
‘;-Jn's Eﬂ

Table 4.0 slhow the trend In pH values of both the
influent and efiluent wastewater. The pH values for the raw

4nd the effluent are in the alkallne range.

Table “.b: pi! values

Detention Raw Influent Ef fluent from Ef fluent
Period (days) AN- POND from FAC. FOND
AN« FAC«

5.0 2D 8.0 7.9 7.8

10.0 7.0 8.0 8.0 B.4

150 10.50 7«3 8.3 B.4
20.0 14 .0 7.9 8.5 8.5

4.2.8 Phosphates

Table 4.7 shows the phosphate concentrations of both
the Influent and effluent wastewater and their corresponding

percentage removal with detention time.

46



Table 4,7: ihosphates (ma/L) Concentratlions

Detention naw sffluent % age 2ffuent Total

Period (days) Influent from ANe. Removal from FAC % age
FOND PCND Removal

AN« SN

5.0 i P 6e2 2,50 60,06 0.88 85.94
10.0 760 G 88 4.25 38,22 1.02 8517
15.0 1050 376 1.56 58.51 C.44 88,30
20.0 14 40 3.86 1.48 61.66 0.38 9( .16

4,27 Hitrate and “mmonia-Nitroecen

Table 4.2 shows the nitrate nitrogen and ammonia

nitrogen o7 the influent wastewater and the trend in the

effluent concencration with respect to detention time,
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Table 4.¢; iitrate-Nitrogen and Ammonia-Nitrogen (mg/l) at
pifferent petention periods

petention ritrate-nitrogen (mg/l) Ammonia-Nitrogen (mg/1)
periods(days) Raw Effluent Efflu- Raw Ef flu- FEffluent

Influent from AN. ent Influ= ent from FAC.
AN . FAC. POND from ent from POND

FAC. AN .
LY POND POND
5.0 ' 3.5 107. 00 136.00 121.00 12.00 20.00  12.00
10.0 7.0 20,10 126.80 150.00 12.00 26.00 16.00
15.0 10.5 50.48 116.67 141,00 10.00 80.00 40.50
20.0 14.0 97.05 126.80 154.00 10.00 90.00 50.00
4.2.9 fotal Bacteria Count

Table 4.9 indicates the total bacterlial counts for

both the influcnt and effluent wastewater with the detention

periods.

Table 4.9; 7Totnl pacteria Count (per 100ml) at pifferent

Detention periods

Detention peoriod Influent gffluent Ef fluent from
(days) from AN« POND FAC. POND

AN « FAC»

5.0 3.5 4¢84 x 10° 6.0 x 10° 5.6 x 10%
10,0 7.0 5.3 x 10° 4.1 x 10% 4.0 x 10°
15.0  10.5 3.5 x 107 2.6 x 10° 2.4 x 10°
20.0 14.0 4.6 103 1.4 x 106 1+5 x 106
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4.3 Chomical oaculation

Jar="csts experiments were conducted on the
efflucenis Irom the facultatlve ponds at the different
detention peried te determine the optimum coagulant

dosaagcse The results are shown in Appendix 6.

Table 1.9 « 4,12 show the characteristics of
the eflluents coaqulated at the different optimal

coagulant dosacges,

Table 4.9:; =ffluent Characteristics before/after
Cptimum ~oagulant dosage (4g/l1) at
5.0/3.5 netention Perioas

From After % age
Characteristics FAC. POND “oaqulation Removal
(4a/1)
1. Colour 200 (Units) 39 (units) 80,50
2. pH T8 6.4
3. BCD (mg/l) 280 41.44 85.20
4, COD (mg/1) 1,200,0 465,60 61420
S5e Nitrate-llitrogen
(ng/1) 121.0 120.0
6. Ammonia=!litrogn
(nc/1)
7¢ Suspended Solids
(mg/1) - - -
8. Phosphates
{mag/1) 0.875 - 100
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Table 4,10:

Effluent Characteristics before/after

Optimum Coagulant dosage (3,59/1) and

10,0/ .0 Detention preriods

Characteristics From FAC, After. % age
POND Coagulation Removal
(3.5g/1)

1. Colour 150,0 35,0 76 .66
2. pH 8,4 6.70
3« B0OD (mg/1} 220.0 18.0 91.81
4. Cob (mag/l) 803.0 200:0 75.09
S5« Nitrate-Nitrogen

(mg/1) 151.0 150,0 -
6. Ammonia-litrogen

(mg/1) 16,0 16,0 -
7. Zusnended Solids
8. Phosphates mg/l 10,0 - 100

Table 4,11:

Zffluent Characteristics before/after

Cptimum Zoagulant disage (4,0g/1l) at

15.0/10.5 days Detention Periods

Characteristics Fron PAC. After % age
POND Coagulation Removal
{4.0g9/1)

10 COlOUf 400 Units SOOOO Ul‘lits 87.5
2. PH 843 6.30
3. BOD (mg/l) 230,00 22.00 90.43
4., COD (mg/l} 897.00 250,00 72.13
S« Nitrate~Nitrogen

(mg/1l) 141.00 140.00 0.71
6. Ammonia=tlitrogen

{mg/1) 41.00 36,00 12,20
7« Suspended-Solids

(ma/1) - - -
8, Phogsnhates (mg/l) 0,432 - 100,00
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Table 4.12: 2ffluent Characteristics before/after
Optimum Coagulant cdosage (6.,04/1) at
20,0/14.0 days Detention periods

Characterisctics From FAC. After % age

POND Coaqulation Removal
(5.0q/1)

1. Colour 500 units 65.00 87,00

2s pit 8440 6e40

3. BOD (ma/l) 250,04 32.0 87,20

4, Hitrate=!litrogen

(ma/l) 154,00 154 .00 -
5. ammonia=ijitrogen

(ma/1) 50,00 51,00 -
6, susnpendoed .Jolicds

{ng/1) - - -
8. hosnhates (mg/l) 0.37 - 100,00
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CHAPTER FIVE

ANALYS5IS AND DISCUSSION

5.1 Raw wWastewater

In general textile processes use large
quantitics of water and the wastewaters are usually
strongly polluted with organic matter in solution
or colloicdal form and are generally alkaline. Also
the raw wastewater is highly colourec.

From Table 4.1, the BOD values of ZIL Textile
Industry was observed to range from 1066 mg/l1l to
1474 mg/l (average 1222,67); the COD values ranged
from 2530 mg/l - 2996 mqg/l (average 2702.33 mg/l).
The COD/2CD ratio for the faw wastewater was found
to be 2.22., The pH ranged from 7.3 to 8,0 (average
of 8,0)e The colour ranged from 400 units to 700

units (average 512 units),

542 £ffluent Characteristics

S5e2e1 Physical Observations

buring operation, thick Scum was formed at
the surface of the anaerobic pond when operated at
5 days ancd 10 days detention period., However the
Scum disappcared at the 15 and 20 days detention
periodise This observation was also noted by Mara(1976)
with poncs operating at detention times greater than
S days,
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Also odour was observed to develop in the
anaerobic pond when operated at 5 days detention
period. However, the odour faded toc a slight one
which persisted till the end of the experiments.
odour development may be due to overloading which is

expected at a shorter detention time,

SecCe? Chemical Analysis

5e2e2.1  BOD and COD

The concentrations of BODS and COD remaining
in:the cefflvent at various dektention period was
présented on Tables 4.2 and 4.3. The tabkles also
shéw the corresponding removal efficiencies.

Tha LEOD5 cof the effluent from the anaerobic
pond voried from 477,67 mg/l to 612.62 mg/l with per-~
centage removal of between 48.28% at 5 days to 58.44

at 20 davse. The BOD. of the effluent from the

5
facultative pond varied from 225 mg/l to 280 mg/le.
The total percentage removal from the anaerobic and
facultative ponds in series ranged between 73,75%
at 5 and 3.5 days to 82.72 at 20 and 14.0 days
detention pcriod respectively.

Values of C(. of effluents from the anaerobic
pénd varied between 1100,00 and 1433,.33 mg/l represent-
ing pcrcentage removals of between 43.42% and 56.40%

respectively, - The overall removals in the stabilisa-

tion pond ranged between 51.28% and 70.36%.
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At lon~ Jdetention periods, the removal efficiency

though increases but at a decreasing rate,

Ae The on="jodnaradable Organic MMaterial

Mle 263 (442.2) shows the plots of percentage
Ne.DJM, agonist detention time, The plots indicates
that tih.: porcentage N.D.M. gradually decreases from
61.51" Lo 53,70 in the anaerobic pond and from 77,29%
to 7132 in the facultative pond., The decrease in
the N.D.i.. may resul: from micro-organisms getting
more acdaplted to the environment at higher detention
period and are able to degrade more proportion of the
organics tihat aprear non bio-degradable at lower

detention pcriodse.

Be The "I - COl, Nelatlionships

“ffort has been made to establish some
relatlionships between BCOD, CU' and Detention times.
The relationships are valid within the limits of
experimental investigation, that 3= petween detention
pericd of 5 and 20 days for anaerobic pond and deten-

tion neriod of 3.5 and 14.0 days for facultative ponde.

(a) ‘orrrlation netween Influent and Zffluent 230D

ana “etention reriod

jmltiple linear regression analysis was used
to estanlish relationship beotween Influent and =ffluent
BOD and Dectention Feriod for the anaerobic and facultae-

tive ponds respoectively.
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(Y ror "neeroric rond

Sel

wolleicnt of correlation = 0.89

(1i) “or Trcultative cond

M o = — — n. - —
5.2

“oofficient of “orrelaticn = 0.98.

(b) 0., 7C- nemoval :fficiencies Vs Netention Periods

Jnuations $,3 to 5.6 show the relationship
between CD. removal efficiency with respect to deten-
tion »oriocd and CCD removal with respect to detention

perio’ for the anaerobic and facultative pond effluents

(1) JHaerobie Pond ~ffluent
ﬁf?ﬂ,fff. = 46,65 + 0,66 D,.T., R
lonfficient of correlation = 0.92
COD e = 42,3 + 0,79 D.T. 5.4
“onfficient of Zorrelation = 0,886
(ii) taculintive pond Tffluent
T:W?.,r:_ = 46,48 + 0,91 n.T. SeB

“onfficirnt of Torrelation = 0.92

aen Fs = 20.14 * 1-60 eTe 5.6

Too”Ticient of Torrelation = 0,94.
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Ce The Reaction Rate Constants K

The reaction rate constants, K were calculated
at the diffcrent detention period for the two ponds
assuming plug flow, completely mixed flow and dispersed
flow syctemes The values of the average influent and
effluent BOD were used in tha estimation. Equations
23 and 2,5 (Chapter Two) were used for ccmpletely
mixed flou and plug flow, while the Thirumuthi Chart
(Figs 10) was used to estimate K values for dispersed
flow. Tocfficient of dispersion was assumed to be
1.0 baced on reasons advanced in 2.5.3.2. (1ii1). The
result of the calculation is as shcwn.

Table S.7: Reaction Rate Constants, K (per day)

Detention /NAZRCBIC POND FAZULTATIVE {OND
Period Flug Com=- Uis- Plug Com- Dis-
(days) flow pletely persed flow pletely persed
AN. PAT . mixed flow mixed flow
5.0 3e5 0.13 0,18 0.20 0,19 0.28 0.29
10,0 7.0 0.08 0.12 0.11 0.11 0.16 0.15
15,0 10.50 0,06 0,09 . 0.08 0.08 0.13 0.11
20.0 14.0 0.04 O.O? 0-06 0-06 0'01 0-09

An examination of the trend indicates that the
K value decreases with higher detention period. It
is also olcerved that the K values for dispersed flow
lie between the K values for the plug flow and the

completely mixed flow. This observation confirms
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the fact that the dispersed flow lies between the plug

flow and the completely mixed flow conditions,

5.5e2e2 Suspended Solids

According to Mara (197¢) and substantiated by
this investigation ponds have a high capability of
removine scolids from wastewaters. As the sewage enters
the pond the settlable sollds settle at the bottom to
form a sludcge layer;m In this study, the effluent from
anaercbic and facultative ponds have negligible
suspended sclids, The low suspended solids in the
efflucent is perhaps influenced by the low suspended
solids in the raw wastewater which was between 14,90

mg/l and 72,28 mg/l (Table 4.4).

Bel el elda Colour

The ceolour removal by the stabilization pond
was precscnted on Table 4.5. The colour was mainly
removed in the anaercbic pond. Colour removal by the
facultative pond was elther very negligikle or nil.
It was observed that colour intensities fluctuated
between 140 to 500 units in the facultative pond
effluent,.

It is evident from these results that stabiliza-
tion pond is not efficient in removing colour from
textile wastewater. According to Fair et al (1554),
colour in textile wastes is mainly removed chemically

(by coagulation, bleaching or adsorption),
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(1) ™e use of phosphates for metabolism by micro-
organism in both the anaerobic and facultative ponds.
(ii) ~The use of phosphates by algae in the facultative
ponZ for photosynthatic activitles.
The stabilization pond is adequate for removal of

phosphates.

Belaled Ammonia Nitrogen and liitrate Nitro-en

The rawv wastewater ammonia-nitrogen concentration
was between 10 mg/l and 12 mg/l (Table 4.8). The
increcace o7 ammonia-nitrogen concentration between
20 mg/l at S days detention period and 90 mg/l at 20
days detentlon period for the anaerobic effluents may
be due to anaercbic decomposition of organics
(Mara, 197G; ilammer, 1975). However, a decrease in
this piramcter was observed In the facultative pond
efflucnt, This may be due to oxidation of ammoniae-
nitrocen to nitrate in the facultativa pond. This
observation is collaborated by the cobserved increase
in the niltrate-nitrogen in the facultative pond

efflucnt.

Secaced Total Dacteria ~Zount

Tabhle 4.9 shows the total bacteria count
(per 10C ml) in both the anaercbic and facultative pond

effluentoc,. 1t would appear from the table that the
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562e24de pH

Table 4,5 shows the pH of the raw and the
treatod wastewater., The wastewater is generally
alkaline with the pH fluctuating between 7.3 and 8.0
which, according to Newlin (1971) is a good environment
for Diological decomposition. It would appear that
the wasteowater reguire no neutralization before
biological trcatment.

The nll of the effluents from the anaerobic
and facultative ponds fluctuated between 7.9 and 8,5,
The slight rise in pH was probably due to the production
of Aammonia (which is alkaline in nature) during

biological oxidation,.

5elelad phosphates

Table 24,7 shows that the concentrations of
phosphates in the raw wastewater was between 3.76 mg/l
and 6,00 mc/le The anaerobic pond effluent phosphates
concencration was between 1.56 mg/l and 4.25 mg/l
while the facultative pond effluent phosphates concen=-
tration w5 hetween 0,38 mg/l and 1,02 mg/l. The
total porcentage removal of phosphates being between
85.,17: and 90,16%,

The high removal efficiency observed may be
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total bacteria count increased in the effluent., It

is difficult to ascertain why this is so, but previous
works by Lonsane et al (1967) for example revealed that
membrane filter count of coliforms from Zamples held

for up to 48 hours were not significantly different from
those found initially. They (Lonsane et al) suggested
thet the increcase or de-~rease in the numoer of coliforms
depencs largely on the prevaiiing conditions. These
concditions incluce temperature, storage time and

initial decree of sterility. Cn the other hand Geldreich

et al (29550) revealed that the mean coliform density

o

24 hourg for 18 samples collected from wells, lakes
and rivers anc held at 5°C was 72 percent of the mean
at 12 hours., It has also been reported by Jhuval et al

(1972) that coliforms and feacal coliforms are
capabable ol regrowth even in chlorinated wastewater,
Jutka anc Zl-Chaarawi (1980) stored waters with various
pollutional loads at 1.5%. They found that at least
75 percent of the samples had a constant level of
bacterlia for 24 hours, but that there was little
evidence thot microbial populations were stable over
4% hourse.
In this situvation,; it is not possible to say

what iz particularly responsible for the increase in

1§}

the tot2l hacteria count in the efflu=snt because this

invectication was not specifically carried out.
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days

pond

5o The Design of Ponds

Choosing detention periods of 10 days and 10,5
for the design of anaerobic pond and facultative

rospectively based on results of laboratory sampling,

At 1L, the average discharge of wastewater, Q, is 350

3/day. ‘w0 design approaches shall be employed:

(1)

(11)

“rithout using the design curves developed on

"ige 41 and 4.2 (5.4.1 and 5.4.2).

Using the design curves developed on Fig. 4.1

4.2 5,

J.":i.: N ( 4|3;

/.naerobic Pond "esign

‘epth of 3,0m shall be choosen Mara (1976) t*

(detention rcriod) = 10,0 dayse.

(2.1)

BCDS

id=depth area, A can be calculated from equation

1.0,
= '\tt.
T
—3.0 3.0
= 1166067m2¢
The surface BODg loading which is the weight of
apnlicd per unit area ner day shall be

10

i

4

from (24}

note Anfluent in mg/l

62



Take average L1 = 1270 mg/1l

e LB 10 x 1270 x 350 = 3809,989
# 1166467

3810,00 kg/ha.d.

This ic safe. Therefore design mid-depth area of

anaerobic pond
- 1166467 m°
The Depth = 3.,00m and

surface loading = 3810.00 kg/ha.d

Sl el Facultative Pond

Calculation of Mid-cdepth Area, A.

From equatiocn (2.1)

\ = 0 A
D
Choooe D = 1.5 m - Mara (1976)
t* = 10,5 days
A = 350 x 10,5
1e5
= 2450 rn2
Using Influent BO:S = 0,45 x 1270.00 (55% reduction

in (anaerobic pond)

Li = 571,50 mg/1

The surface loading Ls = 10QLi (Mara 1976)
-T_

10 x 571,50 x 350
2450

816 .43 kg/ha/d.

L
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Therefore, nid depth area of facultative pond kg/ha/d.
= 2450
The depth = 1.5

The 0L total percentage removal is 79.0% (Table 4.2).

S5efe3 Using the Curves on Fic., 4.1 and 4,2

To uze this curve, 58% remcval of 300 shall be
assuned in thc anaerobic pond while 54% BOD removal
shall be acsumed in the facultative pond. ‘Lower
perceniice choecsen in the facultative pond is hecause
of thc laroe surface area required by this ponc comparec

to ancereobic pond,

(i) For ancerobic pond

~hoosing 585 removal of =BCL (This is hypothetical)
The corresponding detention period = 15,5 days
R e

(from Tia, 4,1)

- . . = qt
——

D

2
= 350 m/d.

Thoosinc 0 = 3,0m (Mara, 1976)

LA
L]
n
[ ]
g}
=
Bl
.
L
w
= |

Jurface lowding, Ls = 1474.00 kg/l1/d (from Fig.
4.1) Therefore provide pond of 60m by 30m

and "epth oi 32.,00m
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(ii) rer facultative pond

hoozina 549 removal of remaining BOD in the
anacrobic ponc effluent (alse hynothetical)

The corresponding detention time = 6.8 days
(Tige 442)

Using ~ = -t

D
Choosing 2 = 1.5 «(Mara; 1976)
= 35P x 6.8

SeD

a 2

1633.,33 m

Also Organic loacding = 190 kg/ha/d

(It is Zafe)

te Midetenth area = 1633,33 m2

Provicde rond of 30m by 54m anc

Jenth oFf 1.5m

BODg of eflluent from anaerobic pond

1270 x 0,42 ( 58% removal)

533.40

80Dg of eflluent from facultative pond
533.4 x 0.46 (545 removal)

= 245,36

Total porcentane removal

= 1270 = 245,36
1270

x 100% - 81.0%




‘he two design approaches achileved about

the cane total efficiency. Cesigning without the
curves, a total efficiency of about 73,00% is achievable
while with the curves total efficiency of about 81% is
achicvablee The design output of 5.4.3. shall be
recomenuccd, this is because the organic loadings on

the two pons are safer than indicated by calculation
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n be arrived at:
L1 industry is a consumer of larage
.'f.:,r-,',‘ Jerni 1.1'::‘ 1 large volume f waste-

the 1ter use and wastewateyoeneration
1 the finishing shop where dyeing, washing
1 ¢r tmant re perrormed.

water acenerated the iria Industries
which 1ls essentially a textile industry

classified as belng strong, The average
ne raw ple is 1270 mg/l while the

is 2764.50C mg/l.

water is highly coloured and alkaline in
'he colour ranged from 400 units to 700 units
\tion ponds including an ‘anaerobic .and

/e ponds in series operatin 1t detention
of 20 iys and 14 1YS res tively

niacve

) N
rs su
3MmMon
iuced

ir reduction of 60%.

\=-Nnitrocen can also be




7

e

From regression equations, linear relationships
exist between tne influent B8Cp, effluent BOD and
the detention ncriods and between the BOL/COD
removal efficicucics and detention periods,
Although waste st.ilization pond can achieve

nigh remov:l of orgonic matter and colour from

the raw textllc wactewater, additional tertiary
treatment ic cdesclracle for upgrading the effluents
as the final cfflucnt still contain as shown in
this study significant quantities of these para-
meters.

Chemical coagulation using alluminium sulpuate

is an etfectivec tortiary treatment. Coagulant
dosage of between 3.5 g/1 and 6.0 g/1 will provide
a reasonably anod decrce of improved effluent

quality.

RIZICOMMEMNDNDATICN

R

The followina ~re recommended for further

studies.

1.

The use of activoted c=rhon, sand trilter etc.

as a means of tartinry treatment after biclogical
treatment ol Lontile vastewvater.

Pre-=co=gulation ¢f textile wiastewater before

lagoon trantirnte
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3.

stuties chould be carried out on other textile
incustries in order to have a reasonable amount

of Lnowledqae of the ~haracteristics of textiles
mestouater throughout the countrye. Studies should
also be carried out to establish the best method
o7 t-sotment that will satisfactorily reduce the
conzentrotion of these parameters which may

orort o Celeterious effect on cown stream aquatic

-~ . d- ~
SVLUICMS e
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ApPpzunNILl 11

LAB. RSADINGS

SERIZS 1

{5/3 ¢« S=DAY3 DETENTION PEZRIOD)

Tablc Al.1: BOD5 (mg/1l)
TIMS RAW AN, ZPF. FA. EFF.
INTSRVALZ SEWAGE
{DAYS)
1 1100.00 610,00 310,00
3. 1100,00 580.00 290.00
S5e 1200,00 560.,C0 280,00
Te 1100400 555,00 280,00
S 1100400 550,00 280,00
11, 1000, 00 550,00 280,00
STARILILD
Table A2.2: cep (mg/1)
INTITVALS LEWAGE
(DAYS 3
le 2600,00 1600,00 1400.00
3e 2500,00 1600 .00 1300,.00
Se 2600.00 1500.00 1300.00
7a 2600.00 1400.00 1200.00
O 2400.00 1400.00 1200.00
STARTLILZED
AVERAGE 2533,33 1233,33

1433,33
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Table Al.3: PH_
TIMZ RAW AN, CZFF. FA. EFF.
INTERVALS S55WAGE
{DAYS )
1. 2.3 8.0 8,10
3a 8.2 7.4 7.6
Se 7.7 8.2 7.7
Te 7.5° 7.7 7.80
9. 7.5 8,0 7.80
AVIRAGE g.04 7.86 7.8
Table N1,.4: COLOUR
TIMZ RAw AN. EFF. FA, EFF,
INTZRYALS SEWAGE
{(DAYZ)
1. 450 units 300 units 300 units
3. 450 » 250 v 150
5. 400 n 200 n 200 =
7a 400 v 200 » 200
9. 400 n» 200 200 n
11, 400 n 200 200
;;;BILISE
AVIRAGE 400,00 200,00 200,00
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Table Ale5

SUSPENDED SCOLIDS (mg/1)

TIME RAw SEWAGSE AN.E. FAC.EFF., TOTAL
INTERVALS REMCVAL
(DAYS) EFF. %
1. 1667 - - 100
3. 1650 - - "
54 1G.52 F= 7 "
g 16.00 - - "
t.- 10.:0 . . "
11. 16. 34 - _ i
AVERASGS . ACe 37 o
- At
Table A146 “ITRATE MITRCSEY (mg/l)
TIMNE RAYW SEWASE AN . E. FACE. E.
I'"TERYVALS
(DAYS)
1s 108.00 122.090 95.00
. 78 108, 00 125.00 85.00
5. 10800 134.00 120.00
y 3 106,00 136.00 121.00
S. 10700 136,00 212.00
11- ALV 136-00 212-00
STABILISED N
AVERASE 7.00 130.00 212.00
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Table AT.T AMMONIA NITROGEM {mg/l)

TIME RAY SEWAGE AN. E. FAC. E.
IMTERVALS

(DAYS) .

1. 12,00 36.00 4,00

3. 12,00 24.00 12,00

5. 12,00 20.00 14.00

7 12. 00 20.00 12.00

G .~ T12.00 20.00 12.00

7. 12,00 20.00 12.00 j
AVERAGE 12,00 20.00 12.00 |

TIME IMTERVALS RAW SEWAGE AN. E. FAC, EI_}.
(DAYS) '
1. Ce25 2.50 0.87%
3. €. 25 2.75 0.875
5. 6,30 2.50 0.875
7 6.27 2,50 0,875
%, 6.25 2.50 - 0.875
21. 6.26 . 2.50 0.875
STABRBILISED AYEZRAGE $.26 2.50 0.875
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APPINDIY 2:

LAB RIADINGS -

SERIES

. Table A2el:

{10/7.0

- DAYS DETENTICN PZRIOD)

BOD5 (mg/1)

TIME RAW AN. EPFF. FA. LFF.
INTESRVALS STHAGE

(DAYS)
1, 1000, 00 500.00 300.00
3. 1100.00  490.00 240 .00
5, 1000.00 470.00 235,00
Te 1100.00 480.00 220.00
9, 1100.00  481.00 220.00

STARTLIL S

AVERAGE 1066.67  AT7.67 225,00
Table A2.2: COD (mg/l)

TIMS RAW AN, ZFF. FA, EBFF.
INTZRVALS SEWAGE

(DAYZ)
1. 2400.00 1300400 1000.00
3. 2500,00 1200,00 900,00
5, 2400.,00 1100, 00 890,00
7. 2400,00  1100.00 800.00
9. 2400 .00 1050.00 803.00

STRETLICCD

AVERAGS 2400.,00 1100.,00 817.67
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Table AZ2e3: pH

TIME RAW AN, EFF. FA. EEF.
INTZRVALS SEWAGE

(DAY3)

1. 745 7.6 8.4

3. 705 7.7 8.2

5. 9'0 ) 8"1 8-3

7. 8.1 8.3 8.5

9. 8.0 8.3 8.4
AVERAGE 8-02 8.00 8.36

Table A2.4: COLCUR f

TIME RAW AN, ZFF, FA. ZFF.
INTERVALS SEWAGE ;

{DAYS) '

1 400 Units 200,00 200,00
3. 400 150,00 150

5. 350 o 150 150

7e 350 » 150 120

9. 350 150 150
STABILISED
AVER 2G2 350 150 140

Table #2435: SUSPENDED SOLIDS (mg/l)

TIME RAW AN. EFF. FA. EFF.
INTIPVALS SEWAGE

{DAYS?

1. 15.00 - -

3. 14.00 - é-

7. 15.00 - -

9. 14.00 - .
AVERAGE 14,90
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Table A2.6: NITRATE wITROGEN (mg/l)

TIME RAW AN, EPF. FA. EFF.
INTERVALS SEWAGE
{DAYS)
1. 82.00 123,00 108,00
3. 80,00 123,00 110.00
5. 90,00 121.00 123.00
Te B9.5 133,00 149.00
Qe 92,00 134 .00 —~ 151.00
AVERAGE 90,10 126 .80 15C¢.00

Table A2,.7: AMMONIA NITROGEN (mg/l)

TIME RAW AN. EFF. FA. SFF.
INTSRVALS SEWAGE

(DAYS)

1. 12.00 24.00 14.00

3, 12,00 24,00 16,00

5e 14.00 26.00 16 .00

7. 12.00 26,00 16 .00

s, 12,00 26,00 16 .00
AVIRAGE 12,00 26.00 16.00

Table AZ,8: PHOSPHATES (mg/l)

TINME RA & AN, ZFF. FA. EFF.
I IR T E RV;‘\LS S E\\U\ G :

{OAYD)

1la 6,89 4,25 1.00

2. & .80 4,24 1.C0

5. 7- OO 4 .25 1.00

T e 6,85 4,25 1.13

N 6.88 4.25 1.00




APPZNDIX 3:

LAR READINGS = SERIZS

{15/10.5 ~ DAYS UDETENTION PZRIOD)
Table A3.1: BOD5 (mg/1)
TIMS RAW AN. EFF. FA., EFF.
INTSRVALS SEWAGE
(DAYS)
1s 1300 500 230
3e 1300 530 233
Be 1250 543 235
7 1300 548 233
9, 1300 %46 230
AVEDAGE 1283.33 545.67 232.67
Table A3.2: cob (mg/1)
TIM= RAW AN. EFF FA. EFF.
INTZRVALS SEWAGE
(LAYD)
1a 2900 1200 1000
3. 2900 1300 1100
Se 2800 1290 1000
7o 2900 1300 900
9. 2900 1300 897
AVIRAGE 2880 1296 .67 932.33
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-

Table A3.6

NITRATEZ NITROGEN (mg/l)

TIMZ INTIRVALS RAW S3IWAGE AN, EFPL. FAC,; EFFLs
(DAYS)
y 89.9 133 149

3.
5.
7

e

90,3 110

90,5 114
89.7 118

92.0 118

134
140
142

141

ol O = il 18
PR T T S R

90.48 116.67

141

Tab 10 J‘L3 .r'I:

AMI.ONIA IITRCGEN (ma/l)

TIMS I TIRVALS RAY SZHAGE AN, ZFFL. FAC ., EFFL.
(fnyg}
1. 10.00 32.00 18

10,00 56 .00

10,00 80,00
10,00 80,00

10,00 80.00

16
28
40

41

L0 F o = Sl et

10,00 80,00

40.

50

Tanl nIe 2 T T T e
o 238 FHOSPHATZY (r.a/1)
TIME INTI. VALl RAY SZTAAGE All. =77 L. FAC. SFFL.
(DAYS)
‘10 3.76 1.6 0-(-3
3. 3.72 1.58 0.45

0.44

O.43
0.43

ot 2 O ol
VLY D

0.44
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APPINDI 4:

Table Adl1:

(20/14.0 = DAYS DSTENTION PERIOD)

LAB READINGS

- SERIZS 4

2996.00

BOD5 {mg/1
TIMZ RAW AN, CFF. FA, EFF,
INTESRVALS SEWAGE
(DAYS)
1e 1500.00 625,00 258,00
3. o~ 1480.00 636.00 264,00
Se 15006,00 626 .00 264 .00
Ta 14 00,00 568,00 236,00
9. 1450.00 608,00 250,00
AVERLWGE 1474 ,00 612,62 254,67
Table A4.2: COD (mg/1)
TIMN= RALW AN. CFF. FA. =ZFF,
INTINVALS SEVWAGE
(DAYS)
1e 3000.00 1287.00 858,00
3, 3000.00 1305,00 911,00
S5e 3000,00 1317.00 897.00
e 2980,00 - 1307.00 885,00
9 3000,00 1316 .00 890,00
AVIRAGE 1366.37 888,10
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Takle A4d.3: PH
INTZRVALS SEWAGE
(DAYS)
1. 8.00 8.60 8.50
3. 8.20 8.50 8.40
5. 8,10 8.60 8.50
7 7.50 8.40 8.50
9, 7.80 8.50 8.40
Table Ad.d: COLOUR
TIME RAY AN. TFF. FA. ZFF.
INTERVALS SZWAGES
(DAYS)
1. 600,00 400.00 400,00
3, 600,00 400.00 350,00
Se 700.00  400.00 400.00
7e 700.00 450,00 500.00
9, 700.00 450,00 500,00
AVIRAGS 700,00 A50.00 500.00
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Table Ad,.5: SUSPENDED SOLIDS (mg/l)

TIMT INTSRVALL AL SSVAGT  ANLT.  FACLT.
(DAYS) '
1. 72.34 - -
3, 73.20 - -
5. £5.45 - -
?. 85 .43 ; - -
9' 70.00 bl —
AVERAGS 77,28 - -
i
Table Ad.6: NITRATZ NITRCGAN (me/1)
TINZ INTIRVALS RAL SEWAGT  AN.E . PAC. E.
(DAYS)
1e 95.72 128.00 154,00
3. 938,32 128,00 154 .00
s, 97,20 126,00 154,00
Te 96 .40 126,00 154,00
9. 97.50 126,00 ' 154 .00
‘-\V:R.‘.*GS 97.05 126.80 154 .OO
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Table Ade7: AMMONTA NITROGEN (mg/l)

TIME INTZIVALS RAW SEWAGE AN. E. FAC.
(DAYS)
1. 10.00 90.00 50.00
3. 10.00 90.00 50.00
5. 10.00 50,00 50.00
7s 10.00 90,00 50.00
9 10.00 90,00 50.00
AVERAGE 10.00 90.00 50.00
Table A4.8: PHOSIHATES (mg/1)
TIMZ INT IRVALS RAW SIWAGE AN. E. FCa
(DAYS)
1. 3,90 1442 0,33
3. . 3.84 1.43 0.40
S 3.82 1.53 0.37
7. 3.80 1,50 0.37
9. 3.81 1.52 0.37
AVZRAGE | 3.83 1.48 0.38
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APPENDIN 5: NON~=BIODLGRADABLEM TERIAL (NDM)

DETENTICH N.D.M. {(mg/1) % NeDoM. (NDM/COD
PIRIOD (LAYS) x 100)

AN o FACe AN FAC. AN. FAC.

5 345 881,06 953,33  61.51 77.29
15  10.50 751.00 £99.66  57.91 75.04
20 14.0 693.75 633.43 53,10 71432
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}K'Table AGL.3:

Jar-Test Results, for Zffluents from

15/10.5 pays Detention periods

3187

-c
ol
~T

B

" coagulant pH Turbidity  Colour  Remarks
DOsSaqes
3.0g/1 7.1 45,50 NTU 60 Units very light
green
.. 4.0g9/1 6.9 30.00 n» 50 » Clear
"~ 5.0g/1 6.6 130,70 ¢ 8o n» Slightly
. Milky
10.0g/1 5.7 99,00 » 90 Yellowish %
. Milky
15.0g/1 5.0 50,00 " 70 " Slightly
Yellow
Table AG.4: Jar=Test Results; for =ffluents from
20,0/14 days Detention reriods
Coagulant pH Turbidity colour Remarks
nosages
2g9/1 7ol 130.0 300,0 tark Coloured
4g/1 6.8 120.0 150.0 Deep Yellow
59/1 6.7 100.0 70.0 Light vellow
6g/1 6.4 100,0 65.0 Very slightly
' Milky
79/1 6.1 110,0 80.0 Milky
10q/1 545 80,0 200,0 Highly
Coloured
»
20



