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AMABSTRACTS

This study is on the treatabiliiy of poultry
wastes by means of wustc stabilization ponds. The
ponds consisted of an anacrobic pond and a facultative
pond in series. The poultry waste was obtained from
Nation2l Animal production Research Institute, Anmadu
Bello liniversity, Shiliaes The ponds were loaded for
four different detoention periods namely: five, ten,
fifteen and twenty doyoe

.he parametors investicated were the nRiochemical
Oxygen vemand (Suv), Choerical Oxygen bDemand (CCD),
Phosphate, Total Coliform BDacterial Count, Sulphate,
Ammonia, Nitrite, !!lirite, Tot2al =olids ana pH.

The aneerobic pond effluent was polished by the
facultative pond. The five day detention period had
overall ZC3 andé CCu reductions of 68% and 80%
respectively, JSulnh~te concentration wes reduced by
16.7% while Ph?upnfte, "itrate-nitrogen, Ammonia-
nitrogen, Total solias and Total coliform Jacterial
concentration wer~ acuced respectively by 26.2%, 75%,
23.5%, 53% ana 147,

Further opzraticn of the treatment plant up to
the twenty day detontion period gnve overall percentage
removals for the Cu, ls, Zulphate, pPhosphate,
ammonia, nitrate an’ Totial solics as 85.4%, 92%, 25.1%,

27:9%, 93%; 4,04% an! 60% respectively, Nitrite concen-
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tration in the facultr-tive pond for this detention
period increased to ~»n ancunt greater than what was
oricinally fed into thc system, The coliform bac-
terial count was also reduced by 58,8%. 3imilarly
various other reduction percentages were obtained for
the ten and fiftecen doy detention periods for both
the anaerobic and facultative ponds,

From the rasulis cobtained, a series combination
of anaerobic and f~cultative ponus can be used to
treat poultry wasto. llowever, 3 maturation pond in
series with anaerobic anc facultatlive ponds will be
required to furthecr reduce the coliform organisms,
Also there will b~ thc nced for tertiary treatment
such as the use of coand filteration and/or chemical

coagulation for polizshinc the effluent,
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CHAPTER 1

+NTRODUCTTITON

Pollution of a water body is the addition of
anything which changes its natural quality so that the
downstream user does not receive the natural water of
the stream (Sex, 1974).

vVarious types of pollutants have been <¢onveniently
classified by Klein (1962) into four categories viz:
chemical, physical, physiological and biological
(table 1e1)s Chemical materials may be broadly classi-
fied into organic and inorganic pollutants. Physical
pollutants include colour, turbidity, temperature, suse
pended solids, foam and radiocactivity. Physiological
pollutants include those substances that cause taste, and
odour while biolecgical pollutants are the undesirable
microorganisms that cause diseases.

The perception of pollution arises when there is
interference with one or more water uses. The water
quality criteria for municipal water supplies arise
from the need for palatable and safe finished water
free from concentration of coliform bacteria, organic
compounds, that may result in offensive taste and odour,
inorganic chemicals that may constitute long~term
health hazards, and suspended matter,

Polluting substances can be accumulated to some

extent within a stream, depending on its temperature,

. |L‘,t'l\-h"“
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dissolved oxygen concentration, flow rate aﬁd Bther factors.
The use of assimilative capacity of a stream must assume
that the resultant quality does not impair other benefi-
cial uses. This, of course, is the crux of water

pollution control (Klein, 1962)

In the past, all the efforts to maintaln and
enhance the quality of the environment have been direc=
ted towards preoblems caused by urban centres and indus-
trial operations. Recently, crop and livestock produc=
tion are of increasing significance as a source of water
pollution. Animal excreta especially from animal feed-
lots and the use of agro chemicals such as fertilizers
and herbicides are perhaps the largest waste product from
agricultural practices,

Due to factors like topography, precipitation, cover
crop, timing and location of chemical or fertllizer
application and also cultivation practices, precise
relationships between agricultural practices and envi-
ronmental problems have been difficult to obtain.

Agricultural wastes are not discharged on a regular
basis. For example, food processing wastes dgpend on
the foods in season, feedlet and poultry runoffs, depend
on rainfall fregquency and intensity, The potential
environmental quality problems due to agricultural opera-

tions are dependent on the production practices, methods
of waste management, the size of the farm, the number of

animals fed and the voluma of waste involved.



The problem of excessive nutrients due to the
application of fertilizers ls one of the most challeng-
ing problems of water quality management. Nitrogen and
phosphorus compounds (though needed in small amounts
by all living things) when in excess accelerates the
process cof eutrophicatione The form of nitrogen of
greatest environmental concern in the soil is uitrate-
nitrogen. 1t is supject to leaching and will move with
the soil since the ions are soluble in the soll water
(Loehr, 1974). This will eventually be a source of
surface and groundwater pollutlione

Other factors of concern are ammonia toxicity to
fish, the nitrogeneous oxygen demand of reduced nitrogen
compounds in surface waters and the altered effectiveness
of chlorination by ammoniae, A major problem of excessive
nutrients is tne stimulation of growth of algae and other
aquatic plants in streams and reservoirs. As mugh as
0.01mg/1 inorganic phosphorus and 0e.3mg/l of inorganic
nitrogen may cause nuisance algal growths in lakes
(Harms et ale., 1974).,

As mentioned earlier, the pollution problem associa-
ted with livestock waste is a drainage problem. Runoff
collection ponds have been suggested (Scalf et al., 1970)
to reduce the sediment load and to produce an effluent

with less variable characteristics. The quality of the

effluent from runoff retention ponds is inadequate for
release to streams or reservoirs without further treatment.
For example, large quantities of runoff collected in

retenticn ponds to a 45 - acre flood control reservoir



killed essentially all the game fish in the reservoir.
The kill was caused by zero dissolved oxygen concentra-
tions and hignh free ammonia concentrations (Loehr, 1974).

Storage of manure as 1s the case with most farms
in Nigeria, can also contaminate surface and ground
waters as a result of seepage. Althouah the volume
of the seepage may be small, the quantity of the
contaminants can be significant.

Apart from nutrients pollution of surface and ground-
waters, there is alsc the bacterioclogical aspect of the
pollution by animal wastes. \henever there 1s drainage
from animal production units or runoff from agricultural
lands into surface waters, a chain for the spread of
zoonotic diseases is initiatedes Salmonella species have
been identified from runoffs from animal nhousings, car-
casses of dead animals and according to Gibson (1967),

two species, sSalmounella dublin anc Salmonella typhimurium

were identified. S. typhimurium can infect practically

all species of birds, animals and mane.

The survival of pathogens on land is dependent on
the viability of the organisms in the soil environment,
their interaction with the soil and the nature of their
transport. Salmonella species have survived for over
40 days in soil with high organic content. 1In the Snake
River Basin, which has at least 300,000 cattle over
about 5,300 square miles, the wastes from cattle feedlots
were consicered to be the principal socurce of the high

bacterial counts in the River with a coliform average of

2]




about 10001PN/100ml and 10,000MPN/100ml (Anonymous, 1968;
Robbins et al,., 1972).

Alsc the use o untrecated animal waste for farming
also causes aesthetic ancd odour problems and an increase
in the fly population, Compounds identified as parts
of the odours from cnaerobic poultry manure include
amnmonia, hydrogen sulfate, two-to-five carbon organic
acids, indole, skatoles, diketones, mercaptans and
sulfides (Burnet anc Sobel, 1968; NMerkel, 1981),

Burnet anqd Zobel (1968) also showed that tne
oraanlic acids, mercaptans and sulfides were the major
malodorous componnnts ol the odour. Odour causing com=
pounds exist not only oz cases but slso as volatile mate-
rials assoclated witn »H-orticulate macter. .nalyses ot
the volatiles carriocd out in a poultry house consisted
of faecal matter, fccd narticles, and feather and
epidermal fragments.

Gas generated Dy micropial action i1n animal housings
is detrimental to tne healtn of man a.ud the livestock -
concerned, The orccesS of crcatest concern are carbon
dioxide, ammonia, hyrocen sulfide and methaune, Poultry
nouses in particulnr hinve aliohatic aldehydes and sulfur
dioxide.

From the torccol..« areat precautlion must ve taken
against pollution h-zards in cthe use of animal manure as

fertilizer or in the ciose of any form of disposal.



1.1 Objective of the Study

The objective of this study 1s to determine the
treatability of poulliry wastes by means of waste
stabilization ponds (anccorobic and facultative ponds
in series). Thne anaerc'ic pond pretreats the waste
while the facultative pond polishes the anaerobic

pond effluent.
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CHAPTER 2

LITZIRATURE REVIEW

roultry waste wel Lrcatment has become a neces-—

sity because of all shortcomings of other metheods of

"

treatment highlighted in this chapter.

Besldes wet treatments, a lot of dry treatments have
been carried out for a long time. No one type of handling,
treatment or disposal of animal excrement will serve
effectively as a panacea for the multitude of situations
encountered in a region of any size. Nevertheless, each
situation should be studied to find the best type of
waste handling system that will effectively control fly

breeding and protect the recelving waters adequately

(Dugan et al., 1973).

2.1 Land Spreading

The old practice of land spreading to recycle the
nutrients and condition the general soil characteristics
is undoubtedly the best if sufficient land is available
(Hobson and Robertson, 1977)., Even if handling cost and
convenience are disregarded, it is not easy to appropriate
the actual quantity that can be applied safely to the
land without detrimental results because such results

vary greatly with the soll type, vegetative cover, slope,
climate and distance to receiving waters. Each individual

situation needs to be studied and monitored for a period

of time (Hobson and Robertson, 1977).

11



242 Incineration

Large volume of poultry uastes can be burnt in a

furnace to reduce the volumz and also to get rid of the
bacteria in them., Poultry wastes are autothermic, that
is, once the waste is 1ignited, they will continue to
burn without applied heat since they consist of a solids
content of above 50% (Hobson and Robertson, 1977),

Different types of incincrators are available and
these include multiple hearth furnace, fluidized bed
furnace, rotary-drum furnace, slagging furnace and the
cyclone furnace. These furnaces completely destroy the
organic material of the wastes and leave only ash as
a residue which is complctely sterile and frece from
odour. The ash has little value as fertilizer although
it still has potash and phosphorus, with other minerals
in ite The ash can be used mainly for landfill. A large
pertion of the non-organic material from farm wastes
is cement from pens, grit given to poultry, sand and
gravel picked up from the farm,

Though incineration effectively treats poultry
wastes, the cost of management of the incinerator is
high (pugan et ale., 1973)., All incinerators have high
capacity and it is unlikely that any farm can produce
enough waste per hour to meet with the hourly demand of

the incinsrator, h:n: the purchase of incinerators

et |

may not be justifled for a farm but could be feasible

for a large community.

12



2,3 = Composting

Composting is a means of recovéring and reusing a
portion of the nutrient and organic fracticn in agri-
cultural wastes (Loehr, 1974). Composting is a micro=-
biclogical process which malics use of fundamental
biclogical waste treatment procedures., Important
factors to producing a good compost inciude intimate

mixing of waste, small particle size, oxygen for

microblal degradation of the wastes, time to accomplish
the composting and moisture. Composting can be done

in open windows or in enclosed controlled unitse. Using
the controlled units, composting can be accomplished in
five to seven days while in open windows, a satisfactory
compost is obtainable in threc to eight weeks,

Composting of poultry waste has been shown teo béw
possible (i~ o.n anc pohsrtsan, 1977).

Two, one-million~bird egg producers in California
used rotary drum composters with forced - draught
aeration., It was found that the waste needed to be
only about 35 -« 40% molst because higher than this
moisture content resulted in difficulties with aerataon
and bailing up the manure., The drums were used for
curing the wastes and this tock about &6 days prior to
its being taken to the windrows for further treatment
after which it can be used for fertilizer (Hobson and

Robertson, 1977).

13



One draw-back to composting is that the soil
conditioning and resource values of compost are often
too small to make compost attractive. There is also
the need to ascertain a ready market before embarking on

the process (Dugan et ale., 1973).

204 waste Water Treatment

Conventional wastewater trcatment processes can
readily be used for treating animal wastes. But after
treatment, there is still the need for disposal of the
sludge and effluent. The use of properly designed
stabilization pond (anaeroblc, facultative and aerobic),
either singularly or in various combinations is very
applicable to the tropics.

Nemercow (1969), treated poultry wastes by means of
baffled biological basins. A two stage oxldation pond
system was constructed. The first stage consisted of
a baffled, high rate deep pond to allow secdimentation of
heavy solids, floatation of grcase or feathers which
escaped preliminary treatment by screens, and bacterial
degradation of the organic mattere. The second stage was
a shallow photosynthetic pond designed to remove more
organic matter and convert inorganic phosphates and
ammonia to algae mass. This was a two-year research

and the biochemical oxygen demand (BOD) reduction in the

first year was between 75 -~ 92% while in the second year,

it was between 85 = 95%.

14



pugan et al (1972), treated poultry wastes in a
closed hydraulic system (fige Zel)e The system involved
an aerobic phase in which oxygenation was accomplished
either by photosynthetic activity of algae or by mecha-
nical aeration. The algae produced were then utilized
to feed the chickens as a protein supplement.

Batteried chickens' excrcta wvas collected carefully
and in a trough and flushed down intc a sedimentation
tanke The supernatant in the sedimentation tank was
pumped directly to an algal pond while the settleable
sollds were collected and heated in a digester, Super-
natant from the digester was dicscharged into the algal
ponde. The digested sludge was disposed of while some of
the supernatant was used for {flushing down the manure
troughe

Lagoons for livestock wastes are usually operated
anaerobically and require consciderable water to dilute
the wastes. From studies carried out by vickers and
Gentelll (1969), aerobic lagoons used for treating poul=-
try wastes may achieve a BOD reduction of 85% BOD. It
was reported that odours werc minimized and the solids

was reduced by at least 50% and suspended solids by

over 80%.

2401 Vlaste Stabilizaticon ronds

Stabilization ponds are shallow ponds in which sewage
effluents are stored. Natural bioclogical action takes

place during the storage period with resulting oxidation

15
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and reduction of organlc matter., Oxygen necessary for
bioclogical activity is ot [rom reaerzation and photo-

synthesis, In tha vnrecence of light, algae utilize the

end products of bicterial decompositlion of organic
matter and liberatoe onvgen (fig. 2.2).
In a stabilization pond, the wiste is added at a

single peint, either at the middle of the pond or at

one end and the efflucent iz normally removed at a single

peint at the other ond,

~

waste stabllizction ponas provide reliable and v

inexpensive treatment (Clyena and Tischer, 1979).

Andorobic ponds are cuinonly used for lndustrial wastes
involving high biochomnical oxygen demands (Hendericks
and pote, 1974), Anacrobric peonds are also adaptable
for treating livestock wastes on the farm hecause they
arc economical and reqgulrc very little attention.
Microorganisms in L{ho onccrebic ponds stablilize the

animal waste and convert 1t to stable materials that

can be spread on thw: land or used as manure,

2el 42 LoAnderobhic ponds

The Aannerobic wnd con ke defined according to its
mode of operation and/or mode of degradation,

Merkel (19813, defincd the anaerobic pond as a
stabilization pond tholt carries on the degradation of
~organic matter witiaout the availability of free molecular

oxygen. Qldham and Nouelh (1979}, defined it as an open

17
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non-heated digest.r and if properly designed, an anaero=
bic pond can remove 30 - 90% of the QOU.

In the anaerchbic lagoon, both facultative and
anaercbic bacterin nro present. The stabilization of
organic materials un.cr ancerobic conditions is carried
out through several staces starting with hydrolysis and
ending with gas production (figs. 2.3 and 2.4).
Hydrolysis or digesction is the breakdown of organic
molecules into smaller molecules, The molecules are
rendered soluble in order to facilitate absorption through
the cell, The end preoduct of hydrolysis depends on
material being metaheclized., Gas is usually the end
product and methane an carbon dioxide are mostly
produced (Hammer, 1275),

The. facultative i cteria convert the complex organic
compounds inte simnler organic compounds, primarily
organic aclds., In order for further digestion to occur,
second stage gasificallon 1s needed to convert the
organic acids to mathane and carbon dioxide, puring
the acid producing stacc, no appreciable reduction in
organic materials occurs as what takes plice is a
chemical rearrangemont of the organic molecules, Methane
is a common and abunsiont product of the action of micro-
organisms and the product is not dependent upon the
nature of the sulsiratc, If the process stops here,

the accumulated aci.s wculd lower the pH and would

19
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inhibit further digestion by pickling the remaining
raw wastes (Merkel, 19081),

Acid splitting methane forming bacteria are strict
anaerobes and are very scensitive to environmental condi-
tions like temperature, pH and anaerobiosis. They also
have a slower growth rate than the acid formers and are
very specific in food supply requirements, Stability of
the digestion process relies on proper balance of the
two biological stages (Hammer, 1975),

The gas production stage is responsible for the
stabilization of organic materials and as such danger
is indicated when there is recduction in the quantity of
gas produced, sharp rise in tenpecrature and/or pH changes,.

Accorcing to Hammer (1975), the main advantage of
anaerobic treatment comparcd with the aerobicprocess is
the low production of wastc biological sludge. Anaerobic
treatment is suitable for the tropics because of the
prevalent high ambient tenperatures. There are important
cheracteristics which a waste water has to meet to be
amenable to anaerobic treatmente. These include: high
organic content particularly in proteins and fats;
relatively high temperaturc, frcedom from toxic materials
and sufficient nutrients. The raw waste water may be
pretreated before discharge into the anaercobic pond by
screening to remove coarse solids, The influent wastes
should enter the pond through the bottom so that it mixes
with the active microbial solids in the sludge blanket.
Located on the opposite end and submerged below the grease

cover is the discharge pipce Upflow of the discharge

22



allows settling of the bacterial floc so that the
anaerobic mixed liquor is rectained (fige 2.5).

The fear of odour release from anaerobic ponds is
always present. Yet odour release is unlikely 1o
reach nuisance threshold if the BOD loading is less than
4Ongm3/day (Meiring et ale., 1968), and if the alkaline
methane fermentation is estal:lished so that the predomi-
nant species of sulphide present is the odourless
sulphide ion (McGarry and Pescod, 1970), A deep pond
is more conducive to the establishment and maintenance
of alkaline fermentation than is a shallow one. Moreover
a deep ponc, provided it has sufficient retention time
behaves as if its upper half were a facultative pond
floating on a lower anaerobic poud (Wachs and Berend,
1968), Thils is a particular advantage in odour control
as any maladorous compound which escapes from the
anaerobic section is promptly oxidized in the oxygenated
facultative layers.

Lagoons for livestock waste require considerable
water to dilute the waste and as sucn, the land required
for the disposal of the efflucnt would be large.
Anaercbic lagoons nave been used with success to pre=-
treat animal wastes., The first step in the breakdown
of animal wastes is marked by the rapid disappearanc. of
the available oxygen. Ureca, ammonia and other products
of digestive putrefactive decomposition are partially
oxidized rapidly consuming the available oxygen and

causing the wastes to become amacrobice. The second

23
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stage 1is putrefaction in which the action is under
anaerobic conditions. Proteins are broken down to
form urea, ammonia, the foul-smelling mercaptans,
hydrogen sulfide, aliphatic and aromatic acids, amines
and amides, fats are brcken down into their original
fatty acids, water, carbon dioxide, hydrogen, methane
and other substances. The third stage is the oxidation
or nitrification of the products of decomposition
resulting from the putrefactive stage, into nitrates
and uitrites which are stable forms of plant food. On
treating animal wastes, Topey (1955) and Estrada (1960)
found that under optimum environmental conditions, and
at five-day detention time, a 70% reduction of the bio-
degradable organics was achicved and on increasing the
detention time to 10 days, 2 90% reduction was achieved.
Anaercpic ponds are also used to treat wastes which have
nign concentrations of solids (lletcalf and Eddy, 1979).
The loading for the anacropic poud depends on
geograpnical location as well as tne constituents of the
waste (Merkel, 1981), various loading rates for
anaerobic pond have beew used. These vary between 250
and 680kg BODS/na/d (Cooper et al., 1965); 114kg BODg/ha/d
during winter and 455kg aoab/na/d for summer conditions
(Oswald, 1968); 1136kg aoas/ha/d and 2045kg BODg/na/d
(Parker, 1962) witn impressionable percentage remcvals.
On treatment of cannery wastes, Parker and Skerry (1971),
found that on loading 128kg JCDSIha/d a 75 = 90%

removal was obtalnede.
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2abialsd Design of Anacrobic Ponds

Anaerobic breakdown in septic tanks, aqua privies
and anaerobic ponds appear to be identical (Glyona,
1971), and so the adaptation of the aqua privy designs
to the design of anaerobic pond is appropriate (Mara,

1976) .

a) South African pProcedurc (Vincent, 1963):

In septic tanks and aqua privies, the biochemical
oxygen demand reduction can be approximated by the

equation below:

Lo
s K (-E-E\nﬂ+1 2.1
n 0
R = detention time for completely mixed system
(days)
n = exponent, to be deteruined by experimentation

(for Zambia n = 4,.0)

K = design coefficient

T = 20%

L = bilochemical oxygen demand of influent into
the system.

Lp = expected value of blochemical oxygen demand

from the system,.



b)) Design Guidelines Uscd in Israel; ;

in Israel, anaerobic ponds are systematically used
for pretreatment of domestic waste waters (Watson, 1962),
The general guidelines used by Lhe Israeli Ministry of
Health are as follows:w

Primary anaerobic pond: 125kg BOD5/1000m3/d

Depths are normally 1le2 = 1.5,

c) Design used by the HMelbourne vater Science

Instituite, Australia:

The ratio between the area of facultative and
anaerobic ponds appears to be a gignificant design fuctor
in Australia (Parker, 1962), whore facultative to ana-

ercobic ratios between 10;1 and 5:1 are found useful,

d) Fisher et al, (1977) developed a method for the
design of anaerobic lagoons bascd on degree-~days. Degree
days is the number of degreces lthe lagoon is above 10°C
for mach day of the year. The degree-days are compared
with the ideal situvation for an anaerobic digester

according to the relationship.

2 _
LR - {pD) LRD -
— '6 T L]
833 x 10 :
where
LR = Loading rates for lagoons
(gvs/litre - day)
DD = degree - days for lagoon,
LRD = established loading rate for an anaerobic

digester (gvs/litre - day),.
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The loading rate is commonly based on various sizes
and species of animals (table 2e1), and expressed as

mass of volatile solids per unit volume per daye.

Table 2+1: Established Locading Rates for Anaercobic

Digestion
Species Loading Rates (gvs/litre-day)
Dairy 6.0
Beef 4.5
Swine 30
poultry 15

Source: Merkel, 1981,

2ek,3 Facultative Ponds

parlier in this century, according to Merkel (1981),
livestock producers, constructed aerobic lagoons as part
of their waste handling systeme. These lagoons were
mostly underdesigned and quickly became anaerobic,
creating serious odour problems, Mechanical aeration
was added 1in an attempt to supply an additional amount of
oxygen and to at least keep the surface aerobic. This
gave rise to the existence of facultative ponds.

atative vondg nire cisbhilization nonds in which the

tr2) frea support facultative



bacteria and the bottom sludge zone consisting of a
layer of settleable solids.

The facultative lagoon provides an aquatic environ-
ment in which photosynthesis and surface oxygenation
supply an aerobic zone in the upper strata, a faculta-
tive portion throughout the central portion, and an
anaerobic sludge layer at the bottome More often than
not, the photosynthetic activity is the major source of
oxygen in the facultative pond, This takes place under
the influence of solar radiatione Surface aeration by
wind action also takes place in large surface ponde.
Effective light penetration 1s normally less than one
metre and as such oxygen generation is usually confined
to the upper portion.

The heavier suspended solids including biologically
formed flocs are allowed to settle on the bottom and
undergo anaerobic decomposition. The liguid and gaseous
products of decomposition relcased from the sludge layer
are carried by the circulating mixture through the
facultative zone and into thc acrobic zoue. The gases
are here utillzed by the aerobic bacteria, preventing the
release of ornoxious gases to Lhe atmosphere., Wind
action 1s normally the principal source of mixing the
water in these ponds, but vhere the wind 1Is not of
significant speed, differentlal heating also aids mixing
(Mara, 1976)e When the surface is heated, the density
reduces and it sinks downward while the colder part under-

neath rises upe.

29
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Oxygen is maintained in the upper layer by the
presence of algae. The organic load must not exceed
the amcount of oxygen being supplied or else the pond

will turn anaerobic all throughe

Desigp of Facultative Ponds;

Most facultative lagocons on the farms have been
sized according to recommendations based on load per
unit area. For a more sophisticated approach, an
empirical or a rational formula may be used. Many
design equations have been published, but there is no
universal equation. Thi:z is because to a large extent,
the process is undefined because of variableness of
natures. For example all predictive equations for effluent
quality are essentially mcaningless when windy condlitions
prevail and under such conditions, the effluent quality
will be a function of the deyrce of wind mixing and the
quantity of the deposited solids that have been sus-
pended (Frank et al,, 1979).

Some design procedures arc presented below:-

a) South African Procedure (Jlarais and Shaw, 1561):

In South Africa, it was noted that

i) The effluent bioclogical oxygen demand remained
substantially constant irrespective of seasonal
variations in temperaturc,

i1i) Anaercbic condition developed during hot season and
in the cold seasons, the facultative ponds operated

satisfactorily.

30



In South and Central Africa, the maximum biochemical
oxygen demand load for a facultative pond was initially

related to the depth and according to Gloyna (1971);:-

600
BOD; nad - 2d + B 203

where
d = depth
The effluent biochemical oxygen demand can be

evaluated using

Lp = mﬁ—z—ﬁ 2.4
Lp = effluent BOD
Lo = influent BOD
RT = Retention time

Table 2.2 shows the relationship between recommended

depth and envircnmental conditions,

Table 2,.,2: Recommended depth of facultative ponds in

Relation to Envircnmental Condition and Type

of Waste
Recommended Environmental Condition and type
Depth (m) of Vvaste
1.0 Uniform warm Temperature; pre=

settling waste water.

1.0 = 1.5 Uniform warm temperature; Untreated
waste watcr,

15 = 2.0 Moderate scasonzl temperature fluc-
tuation = raw waste water contain-
ing secttlcable solids

2.0 = 3,0 Wide seasonal temperature variations,
large amounts of settleable grit
or settlcable sclids

Source; Gloyna (1971)
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-

b) Procedure based on Suggestions by the Central

public Health Endincering lcsearch Institute
(CPHERI), India; N

In tropical India, the design of facultative wasté
stabilization ponds for domestic waste waters has been
based on a loading of 336kg BODg/na/d and on operating
depth of 1.22m. Studies py Lhe Institute have shown a
BOD reduction of about 70 - 85%, To achieve a BOD
reduction of about 90%, usually requires an increase in
detention time. The average sludge build up is 2 = 4cm

per year,

c) Empirical procedure:

The required volume of a facultative pond can be
estimated if the coldest month of the year is known, and
clouc cover does iiot last for more than a few days at a
time. The inte.sity of light, total dissolved solids,
winds may influence the required pond volume., Temperas-
ture is tne most important single consideration if the
wastewater is domestic sewage. The basis of procedure

1s according to Gloyna (1971);

Vo= 3.5 x 107ng L o35 = ™™ 2.5
where:
v = pond volume (m3)
= number of people contributing waste
q = per capita outbut vaste contribution (litres/day)



N [
b I}

e = .temperature reaction coefficient = 1.085
T = Average water temporature of coldest month 1n
°c. | i
| The organic load is a function of N, q and L, and

can be expressed by : |

107°

BL = chLa X 0 )

where:

eL = organic Load in kgBODSXha/d

L, = Biochemical oxygen demand of the waste.

A large volume is required for some industrial
wastes due to the fact that they are not readily bio-

degradable and becausa they may be toxic to algae. |

ad) Load per unit Area Procedurc:

Foul odours may occur as o result of extrémes in
seasonal temperatures, uncven distribution of settleable
solids, inadequate surface arca and liguid depth
{Gloyna, 1971). The source continues that while mainte-
nance of liquid depends primarily on the centrol of seee
page and evaporation, the distribution of settleable
solids can be improved through the use of multiple inlets
and deeper ponds (1.5m = 2,0m}. The operation of the
entire system depends on the volumetric loading, BOD
loading per unit area, and the cohcentration of organic
matter in the wastewater. If the water content is low,
it becomes difficult to maintaln sufficient liguid over
the settled solids. 1In this situation water needs to be

added and the pond designed to function without any

- .

overflow (Table 2.3)
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Table 2.3:

Generalized BOD loading per unit area per day
under various climatic conditions.

Surface
loading
kgBOD/
ha/d

population

per
hectare

Detention
time
(days)

Environmental
conditions

Less than
10

10 - 15

50-~150

150-350

Less than
20

200=1000

1000-3000

3000-7000

More than
20

200-100

100=33

33 - 17

Frigid zones with
seasonal ice cover,
uniformly low
water, temperature
and variable cloud
covers.

Cold seasonal cli-
mate with seasonal
ice cover and
temporary summer
temperatures, for
short season,

Temperature to
semi=tropical,
occassional ice
cover, no pro-
longed cloud cover.

Tropical uniformly
distributed sun-
shine and tempere -
ture and no sea=-
sonal cloud cover,

Source: Gloyna, 1971,
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2ebub Maturation Ponds

These are shallow fully aerobic ponds with very low
organic loadings of less than «0lkg BODslmzfd. They
are used as a secondary stage of treatment following a
facultative pond. They can also follow any other bio-
logical treatment unit. Large algal growth occur here
but their most important feature is the high removal
of pathogenic bacteria becauce of the unfavourable
environment for such organisms in the pond. (Tebutt,
1983). The residual sollids are endogeneously respired,
and ammonia is converted to nitrate using the oxygen
supplied from surface reaeration and from algae. To
provide a reliably nitrified cffluent that is low in
BOD and suspended solids, an efficient and reliable
effluent solids removal process will be required

(Metcalf and Bddy Inc, 1975).

2e3 Hydraulic Flow Patterns in St “§1izntion

Thirumurthi (1969), ascerts that flow patterns have
not been given much attention in research., Hydraulic
flow characteristics have an effect on molecular and
turbulent diffusivity as well as on detention time, and
eventually on BOD removal efficiency,

The flow patterns include the plug flow pattern,
the dispersed and completely mixed flow patternse. The
plug flow is an ideal case of a fluld flowing through a

long rectangular tank, No latcral diffusion or mixing



takes place and a given mass of liquild passes through
the tank without lateral disturbance. All elements are
moving with equal velocity and so none passes another
(Fig. 2.6)s A chemical reactor with plug flow 1is i

characterized by a first order chemical reactlion equation,

given by Thirumurthl (19G9) as

;3 . oKt - 247

where: i
Ce = effluent concentration
Cy = influent concentration )
K = first order reaction constant
t = detention time or mean residence time.

A completely mixed reactor experiences a'great ¥
amount of mixing he contents are of uniform composi-

tion. This 1is normally accomplished by attaching paddles
to mix the ponds (fig. 247)e The design equation
representing the completely mixed flow pattern is given

by Thirumurthi (12093 ac

o . _
e . 1 2.8
E; T + Kt ¢
Ce = effluent concentration
Ci = influent concentration
K = first order reaction constant
t = detention or mean residence time.

The two flow patterns described above represent the
extreme flow patterns. It has been suggested that for a
waste stabllization pond, an intermediate system is more
applicable. This intornedinte system described as dispersed

flow pattern (irdige 248)e Wehner and wilhem (1959) derived an
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equation for chemical reactors which exhibit a dispersed

mixing property ac

1.
e, sac —m 2,9
EI (1 + a)EEaZEG - (1 = a) ot ed
where
a = 1 + 4Ktd
d = -2 = nDTt
UL L
and
d = diffusivity constant or dispersion number

(dimensionless)
D = axial dispersion coefficient (Sq ft per hour)
U = fluld velocity (ft per hour)
L = characteristic length of travel path of a

typical particle in the tank (ft.).

The formula may also be simplified to give by
Thirumurthyc{1969) as

4 (l-a)/2d
= = e 2,10
i (l+a)

Equation 2.9 should be used to design biological
waste treatment systems. This equation is computed
for use and so a design formula chart was prepared as
shown in Fig. 2.9.

With the approximated equation 2,10 the error may
be significant when value of d exceeds 2,0 but for waste
stabilization ponds, d seldom exceeds 1.0 because of

low hydraulic loads (_nhirumurthy, 1969),
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2.6 Definition of paramncters

2e6al The Nitrogen Cycle: ' . : i

This study is on an agricultural waste and as such,
the nitrogen cycle becomes an important phenomenon,
This is because, any treatment process being used to
treat animal waste in gencral or poultry wastes in
particular revolves rouna the nitrogen cycle, this
makes a good knowledge of the processes invelved
important (Fig. 2.10).

Nitrogen 1s one ¢of the moszt important nutrients to
the growth of plants even though trace gquantities of
other elements such as iroun, are also needed for biolo-
gical growth.

The nitrogen present in fresh waste watef is prima-
rily combined in protelnaceocus matter and urea or uric
acid in the case of poultry waste. Decomposition by
bacteria readily changes thc form to ammonia, The
ammonla can then be oxidized to nitrites and then to
nitrates. The predominance of nitrate nitrogen in waste
indicates that the waste nac boen stabilized with
respect to oxygen demand. MNitrates can be used by
algae and other aguatic plants to form plant protein
which in turn can be used by animals to form animal
protein. Death and decompositlion of the plant and

animal protein by bacteria again vields ammonlila.
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24602 phosphorus

Phosphorus is essential to the growth of algae and
other biclogical organisms. This leads to abuncant
algae growth and to preveut this, the quantity of
phosphorus from domestic and industrial sewage and
agricultural ruuoff should be controlled. Phosphorus
is usually present in aqueocus solutions in the form of
orthophosphate, polyphospnate and organic phosphates.
The orthophosphates are available for biological
metabolism without further breakdown (Metcalf and

£ddy, 1979).

24043 Total Coliform

Coliforms are countless rod - shaped bacteria found
in the intestinal tract of man and animals, They are
narmless to man and are usciul in destroying organic
matter in biological waste trcatment processes., But
because tne numper of pathogenic organisms in wastes
and polluted waters are few and difficult to isolate,
the coliform organisms whicn are more numerous and more
easily found, are used as an indicator organism. The
presence of coliform organisms is see.. a5 an indication
tnat pathoge.ic organisms may «1lso we present, and the
apsence of coliform orga..15ms 1S taken as an indication
chat the water wmay wve tree from pothogenic orga..isms

(Metcalf and Eddy, 1979).
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2,644 pH

The nydrogen = i1o.:. concentration i1s an important
quality parameter of both natural waters a..d waste
waters. The concentration range cuiltaple for the
existence of most vilological life is quite narrow.
wWaste water with aund adverse coucentractio. of the
hydrogen ion is difficult to treat, and so before trecat=-

ment, the pi{ has to be adjusted (limtcalf anc Zddy, 1979),

2:6:5 Sulghate

These occur naturally in most waters and is also
found in the waste waters. Sulphates reduce to sul-
phides in digesters and may olfset biclogical process
if the concentration 1s too high (letculf an Iddy,

4
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CHAPTER _3

MATERIALS AND METIIODS

31 Materials

The experimental set up consisted orf three tanks
namely:- the storage tank, an anaercbic and a facul-
tative tank.

The storage tank was made of galvanized iron and
measured 125cm x 50cm x 25cme The anasrobic pond was
made of perspex glass and had a wvorking capacity of
60 litres (65cm x 40cm x 25ch)e The facultative pond
was also made up of perspex glass with a working capa-
city of 50 litres (100cm x 50cm x 10cm)e The anaeroblc
tank was covered with a black polythene to prevent the
entrance of light rayse. Light was provided for the
facultative pond by six 100 watts flourescent bulbs
located above the liquid surface. 7The tanks were
connected in series and arranged to allow for a gravity
flowe. Rubber tubings werc used to connect the ponds
while adjustable clips werc used to regulate the flow
systeme Thec arrangement for the inflow into the anaerco-
bic pond was such that the cediments at the bottom of
the anaerobic tank was not distributed. The experimental
set up is shown in Pigure 3,1,

The poultry wastes was uscd as the substrate. It
was collected from the National /nimal pProduction and
Research Institute, Ahmadu Bello University, Zaria

located in Shika.
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3.2 pethod

A slurry of poultry waste vas made by grinding five
grams of the waste and mixing thoroughly with some quan-
tities of tap water. The mixture was then made up to
1 litre with tap water. This concentration of feed
water gave an influent BODg within the range of 91mg/1l
to 96mg/l. At each feed preparation, this concentration
was maintained throughout thc experimental runs,

During the initial start up of the experiments, the
anaerobic pond was filled with 30 litres of tap water,
20 litres of raw sewage from the Ahmadu Bello uUniversity
sewage treatment plant and 10 litres of poultry waste
slurry. The raw sewage vwaste vas used as seed in order
to provide adequate bacteria required for the waste
treatment, The facultative pond was also filled with
tap water and seeded with raw wastes and algae obtain.d
from thz Ahmadu Bello University waste treatment plant
and some quantity of poultry waste slurry. The contents
of the ponds were thoroughly mixcd and left for some
days for algal suspension to develop in the facultative
pond.

The test runs of experiments were carried out ur ier
batch flow conditions. The poultry waste slurry was
admitted by gravity into the ancerobic pond from the
storage tank at average flow rates of 12, 6, 4, 3 litres

per day providing retention times of 5, 10, 15, and 20
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days respectively., The efflucnt from the anaerobic
pond was admitted by gravity into the facultative pond
at the same flow rate as for the anaerobic pond.
Sampling of the effluent from the anaerobic and the
facultative ponds began after the initial contents of
the pond appears to have been flushed out completelye.
Similar procedure was adaptoed for the facultative pond
which received the effluents from the anaerobic pond.
The influent poultry wacte into the anaerobic
pond was analysed for the following parameters in
accordance with American Public Health Association

(1971, 1985) for the determination of water and waste

water,

a Biochemical Oxygen Dem:>nd
b Chemical Oxygen Demand

= Phosphate

d Nitrate = Nitrogen

m

Nitrite = Nitrogen
Ammonia = Nitrogen
Sulphate

Total Solids

Total Coliform

= o S

PHe

The performances of Lthc units were evaluated by the

daily analysis of the influentc and the corresponding
effluent samples. For each run, the experiments were

terminated after about 10 days of operation when suffi-

clent data had been collected for analysis and discussions.
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CHAPTER 4

ol Results
e

4,1.1 Organic Removal

Tables 4.1 and 4.2 show the BOD and COD removal

efficlencies at different detention periods while table

4+,3 show the ratic of CCD to BCD.

Figures 4.1 and 4.2 show the COD = BOD relationships

for the effluent samples while Figs 443 shows the

relationship petween the non=blodegradable portion of

the waste and the detention timcse

Table 4.1: Average BOD Concenltrations and pPercentage

Removal at different lLetention Perlods

(days)
BOD Concentrations (mg/L) percentage Removal
Deten= Raw Anaero=| Pacul-=\| Anae- ' Facul=| Overall
tion Waste pic tative | robac | tative | Remo-
Time Efflu=- | offlu~-| Pond | Pond val
(days) | ! ents ent |
! I
5 | 91,2 49 29 a6 | a1 68
i
10 1 91.C 30 22 67 27 76
- 1
15 94.0 | 2% 1 73 24 80
2 9.0 | 21 14 18 33 86
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Table 4,3: COD to BOD Ratios for
Pericds (days)

different Detention

betention
o S5-day 10=day 15-day 20-day
Parameter S——
copi{mg/1) 850 852 850 870
BOD(mg/1) 91.2 91,0 94 .0 96,0
COD/BOD 9.3 0 o4 9.0 9.1
- R




(mg/1)

NON - BIODEGRADABLE
PORTION OF WASTE

400 S Fucultative Sffluent
300 -
200 1
‘
A
\
\
\
\
\
\
\ b i
\ &
100 - e e
\ s
\ //
e —~
5 0 15 30

DETENTION TIME ( DAYS)

FIG 4.1 . PLOT OF NON- BIODEGRADABLE PORTION OF THE
WASTE AGAINST DETENTION  TIME
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AE: naerobic ffluent

|l ] =S P | - 4
I .: i — i t

4001 X 5D(AE): COD = 326-68-818 BOD ;r=0-6! 4

@ 10D(AE) €OD=27978 - 19 BOD ; r=-51 42
C0D * 15D (AE):COD=177-8 - -783 BOD ; r=-0:14 43
(mg/ 1) + 20D (AB):COD = 1880~ 32 BOD ;f = 0-21 bede

300 1

200 1

— = - - >— —  ————— ——

o 20 30 40 50 60
BOD (mg/1)

FIG. 4.2 LINEAR REGRESSION OF COD AGAINST BOD FOR THE
ANAEROBIC POND FOR ALL DETENTION PERIODS.
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55

POND FOR ALL DETENTION PERIODS.



. S (O, Sulphate Removal

the average sulphate coucentrations

Ly

Table 4.4 show

and percentage removal at diffcrent detention periods.

Table 4.4: Average Sulphate Councentratious and Percentage

Removal at erent Detention Feriods (days)

]
Detention| Sulphate Concentration (mg/l)| Percentage Removal

Time

|
‘ 1
(days) l Raw Anaero- faculta- | Anae-= Facul- Qver-
e L | waste pic tive | FO=- tative all
| Effle- sffluent pic Pond Re M=
| pond oval

O
o
o
8s
o
o
-~
o
o
-
b
L]

=
(o)}
L]

o

1647

(="
o
e —— el
w
"
o
S
o
=
fop|
(84
wm
.
s
O
L]
o
-
~J
L
Y

=
wn
@
wn
L
-~
w
o
o
-~
@
-2
=2
L]
@
Y
o
L ]
o
ho
o
.
a

20 863 196 Ll6 7.8 19,0 25.1
4.1.3 phosphate Removal

Table 4,5 show the phosphate concentration and
percentage removal of the pnoscpnates at different

deteution time.
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4.1.4 Nitrite - Nitregen, nitrate - Nitrogen and

Ammonia -~ Nitrogen llemoval

Tables 4.6, 4.7 ana 4,8 shows the concentration of
nitrate = naitrogery, nitrite - nitroge. anc ammonia -
nitrogen and their percentage removal at different

detention times.
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441.5 Solids Removal

Table 4.9 show the concentration of total solids

of the effluent sample and the percentage removal at

different detention periods.

(9.
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4.1.6  pi

Table 4,10 shows the pH values of the effluent
samples from becth the anaecrchic and facultative pond

effluents.

Table 4,10; pH Readings for different Detention periods

(days)
!

Detention Raw Anacrobic | Facultative
Time tlaste Zffluent Effluent
(days)

5 Ge? Ce9 6.8

10 6.9 Geb 6.8

15 71 Ge8 6.9

20 7.0 69 6.8
i

8:.1:7 Coliform acterial Counts

m

Table 4,11 show the coliform bacteria concentration
and the percentage removal from the effluents at

different detention times.
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4.1.8 Regression

Lnaluses

lultiple regression of organic BOLD and COD loadings,

organic 50D and COu reiwovals and detention times

given as follows:

a) CoD

(i) Anaerobic Po.d

500> D
Losdinn

19

p )
-

r
(ii) pPacultative

Yl ondin:

(=4

r

D) DoL

(1) Anaerchic i«

BUD, . .4
“YLoadinc

ry

I
4

(ii) Pacultativ:

“VULo;d;nr

= 7T1e313 COD

= -9997
Fon
= 1.71 COD
= 1400
= 1.00

one
= 0429

= 48244 - 15.91 BCOD

I
.
3
O
(93]

remocval

removal * 32 DT

~“removal

are

+ 2.21. DT

4.9

4.10

+ 0.08 DT

4.12




Teicw organic Removal
Ay I Biochemical Oxygen Demands

poultry faeces frequently contaln inorganic feed

b

additives. Some of these are innivitory to microorga-
wisms and thus may affect the performance of bpioleogical
units used in the treatment of the wastes (Loenr, 1974).
Ropbins et al. (1972) also ohserved that blochemical
oxygen demancd readings are not reliable for characte-
rizing animal wastes because oif luterfererices which are
attriouted to solids and toxic sunstances in the feed.
Clark (1965) worked with nog manure and had problems
characterizing the waste 1in terms of ECD because of the

high antipiotic level presenit in the feed.

From table 4.1 it is opserved that the raw waste had

™ TR n

a low BOD values compared with the COL values. The waste
used in this study contains a lot of saw dust and woocd
shavings because of the deep -~ litter system being
employed by tne Naticnal Animal Production Research
Institute, Ahmadu Bello Univcrsity, Snhika, The saw dust
and wood shavings contains ligoin and cellulose. Lignin

thougn cnemically oxidizakle, may pe resistant to pio=-

b~

chemical oxidation, Cellu ¢ iz succeptirle to bio-
chemical oxication put this tckes time to accomplish

(Loenr, 1974), Therefore tnec S5=days in which the BOD was




performed was not long enough to achieve the bio=-
oxidation of cellulose to any appreciable extent.

The anaerobic pond has efficliency of BOD removal
of 46, 67, 13 and /8% for tnc 5, 10, 15 and 20 days'
detention times respectively, it would appear that
increasing tne detention time to perilods longer than
20 days may uot necessarily produce much better quality
effluents.

The facultative pond efficiencies are 5, 10, 15
and 20 days' detention ponds arc respectively 41, 27,
24 and 33%. This shows that most of the piological de-
composition takes place in the ancerobic pond while the
remainder is polished in tne facultative.

For the five day detention period, au overall per-
centage removal of 68,2 was optalued, /6% for 10-day
detention time, 79.8% for 15-day detention time, and
85.4% for the 20-day detention time. This trend is to
ve expected because the longer the contact time, tne
micropes have with tne wastc, tnc more the chances tnat

they nave in degrading the organic substance.

4.2,1(11) chemical oxygen Demand

The influeut COD 1s quite nign compared with tne
BOD values. As was pointed out carlier, a nign perce t=

age of tne waste are chemically oxidizable,



The auaerooic pond was able to achieve removal
efficlencies of 66, 73, 7/ and 30% respectively for 5,
10, 15 anud 20 days detention periodse. The results show
a decreasing rate of increcase in percentage removal,

The facultative pond on treating tne effluent from
the anaerobic pond, gave 42, 44, 47 and 59% removal for
the 5, 10, 15 and 20 days detention periods respectively,

The overall perce.ntage rcmovals of 80, 85, 88,2
ana 92% for tne 5, 10, 15 and 20 cays detention periods

is quite satisfactorye.

4,21(iil) Non-biodegradaple Qrannic Matter

The algae population was visibly reduced during
the twenty days detention periods Loenr (1974) reports
Enat nutrients from dead algae cells are released to
surface waters for a loug perioc of time. These nutrients
include carbon dioxide, ammonia, nitrate anc phosphates
and are non-biodegradanle, rom fig. 4.1 it is opserved
tnat tne non-piodegradabllity reduced upto 20 days
detention period when it increcaced again. This most
probably is due to tne releazec of non=plodegradable

autrients vy the dead algace



4,2.1{iv) COB/BOD Relatio.shlp and regression EBquations

i
According to Loenr (19/), a low COD to BOD ratic
shows that tne waste is readily piodegradable put a
nign value shows that the waste is not readlly avallaple.
From table 4.3, the COD value ontained is 860mg/l and
that of BOD is 93mg/l on tho average. The waste used
hés a lot of saw dust and woou shavings, This gives
rise to a nigh cellulose an:! lignin conteut in the waste.
Cellulose is bilodegradablc put this takes a longer time
to achieve, and again happens anaercbically. Due to the
above reaso.,, cellulose coutent of a waste does uot
affect tne BUD readings oveccause the GOL determination
1s an aeropilc ohes, This 15 why the COD 1s predominantly
nigher tnan the BCD in the water (Winkler, 1981).
| From the table, the ICH = LOD ratios are 9432 for
tne S~day detention period, .36 for tne 10-day detentiocn
period, 9.04 for the 15 day detentiosn period and Y.,06
for the 20 day detention periode Tuoese high ratios mean
that the waste is not easily blodegradable. Nearly every
organic substance is oxidized during the COD test
because it gives a measurc o7 the total organié content
of the wasta, whether they are biodegradable or non-
blodegradable, I
From equations 4.1 to 4,5, the calculaécdiéorrela-
- tlon cocfficients are: 0461 and 0.087 for the 5 day
detention timecj; 0,51 and 0,603 for the ten day detention
time; ~0.14 and 0,27 for the 15 day detention time; and

0.21 and Q.61 for Lhe 20 day cotentlion time. The value

70



of correlation coefficients mcacurcs the degree of the
relationship between the parameters in the equations
obtained during regression (Spiegel, 1972). A high
correlation coefficient show a high linear correlation
between the variables.

From the above figures, & high correlation coeffi-
cient, like 0,51, -0,683 and C.C1l, mean that blochemical
oxygen demand is linearly rel-ted to the chemical oxygen
demand, If the correlation cocfficient is low as is the
case with the facultative pond for the 5 and 15 days!
detention periods; anaercbic pond for the 15 and 20 day
detention periods, then COD and BOD are not linearly
related to each other.

A linear relatlionship between any two parameters may
mean positive or a negative sSlopce For the two parameters
being considered (COD vs BOD), as the COD increases, the
BOD also increases for the anaercobic pond during the 5
day detention pariod because of the positive sign which
accompanics the coefficient ol correlatlon. The same
also holds for both the anaerobic and facultative ponds
during the 10 day detention time and also for the facul-
tative pond during the 20 day detention period. When the
coefficient of correlation is negative as is the case in
the facultative pond during the 5 = day detention time,
it means that the COD is invercely proportional to BOD.
That is to say that the COD increases with a reduction
in 80D value. For coefficients of correlation below + 0.3,
the linear relationships between COD and BOD is not

defined,



For the multiple regressions, the values of r
are quite higher being betwecn 0,89 and 1,00, This shows
that the relationships are defined between the COD, BOD
loadings and detention periods studied. According to
Spiegel (1972), the COD loading, BOD removal, and
detention time for the facultative pond have a perfect
relationship since the coefficient of correlation is

1,00,

4202 SulEhates

In tne anaerobic pond, tne removals obtained were
11e1, 8.4, 11,8 and 7.8% respectively for the detention
periodse The reduction in sulphate may be attributed to
the activities of a nignly speccialized group of bacteria

known as Desultovibrio sp which utilize sulfates as their

hydrogen acceptor reducing them to sulfides (McKiuney,

1971), This group of bacteria may we present in the ponde.
Percentage sulphate removal from the anaerobic

effluent by facultative pond were 6.3, 9.5, 10.0 aud

19.,0% respectively for 5, 10, 15 and 20 days detention

times. The overall percentace removals recorded for

5, 10, 15 aud 20 day detention periods are 16.7, 17.1,

20.6 and 25.1% respectively,



4.2,3 Phosphates -

The system was not very efficicut in the removal
of phosphates., The percentage phosphate removal in the
avaerobic pond were 11, 16 and 19 respectively for the
detention time of 5, 10 and 15 dayse. It is observed that
the sulphate conte.ts increasod wnen the detention puriod
was 20 days. .

The facultative pond nad an efficlency removal of
18, 21, 37 a..d 40% for the 5, 10, 15 and 20 days dete.tilon
period from treatment of a.cercpoic effluent. This gave
overall removals of 26,2, 34,0, 48.8 and 28.0% respectively
for 21l tne detention pericds studied. i

From the above, it iIs evident that tne performa..ce
Oof the system is not adequate for phesphate removal,
According to Winker (1981), phospnorus removal makes use
of the ability of some microorganisms to take up phos-
phorus iIn sucn a. amount that nave a., excess over tneir
immediate .wtritional requirements and this they store
within their micropial cells in the form of polyphosphates,
In addition, Metcalf and gddy (1979), stated that algae
make use of phosphorus compounds converting this to
furtner algae mass., The above are responsiple for the
reduction in the amount of prnosphorus present in the
effluents, During tne 20 day detention time, the facul-
tative pond had an increase in tne phesphate concentra-—
tion instead of a decrease, This may ve due to the
decline in the growth of the algae whicn was caused by
accumulation of solids and thercfore reduce the intensity

of lignt into the pond. At this point in time, the
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liquid waé also colo@red brown aund Leehr (1974) says
that algae with blooms cnly when there is sufficlent
'sunlignt to penetrate the liquid for algae will not
thrive where there is a nign turbidity (most probawl,
due to solids -~ wnether suspended or fleoating) or
where the liquid is coloured, llence tne above contriou-l
ted to this decline in the algae population. This
decline left the phosphate oF the influent into thne
poud unutilized. It is alco opased by the author that
there 1s the possibility of dead algae releasing nutrients
nto the pond with tne poscibility of il.creasing the
duantity of phosphorus ia the lacultative pond,.

The increase in phosphate coucentration i the
duaeroolc pond for the 20 - day detention time may be
due to evaporation during loug periods of exposure of
the po.d to tne atmospnere (Jewell, 197/),

4.2,4 Mitrate-Nitrogen, iiitrite~llitrogen and

Ammonda-itrogen

Nitrate—nltrogen is tormead from oxidationlof nitrices
and represents tne most stanle form of nitrogen. Nitrite
is from the vacterial oxidatlon of ammonia and its
presence lIndicates partial dccomposition of tue waste
(Merkel, 1981). Ammonla is as o result of bacterial
decomposition of organic malTer, specifically proteins.

Under asaerowic conditions, nitrates and nitrites
u..dergo biological removal procezs called denitrification

in which tnese compounds are couverted to uitroge., ga .
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From table 4.4, it is observed that for all tne deter..ion
periods, there is a decrecase in the conceatration of
nitrates up to /0% average. Thic 15 also true in the
case of nitrite for 5 a d 10 days dectention periods wnere
tne uitrice conce ctratio s were respectively reduced

trom 1,04mg/1 to 0.8mg/l and 1,08mg/l to O.4mg/l. Also
in anaerowsic conditio s tnere 15 wacierial decomposition
of organic matter and that iz why the ammonia content
increased, as the decomposition produced ammenia

(table 4.5)« The increases were 17mg/l to 23mg/l1 for

5 days detention period, 16mg/l to 28mg/l in the 10 days
detention period, 16mg/l to 32mg/l in the 15 days
detention »eriod and 14mg/l to 36mg/l in the 20 days
detention period. 5tlll unier anacrobic conditions,
during the 15 and 20 days detention periods, there was

no trace of nitrite in the 2ncerobic pond and this
according to lierkel (1981), means that there is no pare
tial decomposition of organic matter taking place in

the pond at these periods,

From table 4.4 = 4,5, it is seen that there is an
eventual decreasing trend in the ommonia, increases in
nitrite and nitrate concentrations, The above 1is due
to the fact that protein is progressively being stabilized,

Nitrification which i: the conversion of ammonia to
nitrite and then to nitrate takes place under aeroblic
and facultative conditionce. Tal)lc 4.6 shows a decline in
the facultative effluent conltent of ammonia which is from

23mg/1 to 13mg/1l for the 5 dayi <etention period, 28mg/1l
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to 6mg/l in the 10 days delention period, 32mg/l to
3mg/l in the 15 days detentlon perlod and 3é6mg/l to
1mg/l in 20 day detention perinde That this is conver-
ted to nitrite and then to nitrate is evident from
tables 4.4 and 4,5, Unider facultative conditions nitrate
concenkration was on the increase as well as nitrites,
This explains why the ammonia concentration is low.
These are converted to nitrates and nitrites. As long
as there 1ls ammonia in the facultative pond, the nitrite
concentration will be on the increase and this conse-
quently increases the nitrate concentration,

McKinney (1971) is of the view that facultative
bacteria also utilize nitrites and nitrates as their
hydrogen acceptors thus reducing these compounds to
nitrogen gass. This may ba the reason why during the 5
days detention time, there was a decrease in the concen-
tration of nitrate in the facultative effluent from
60mg/1l to 50mg/l. Again, il i1s apparent that the removal
of nitrate from this treatment system is low because
nitrate is a stable oxidation product though some may be

absorhbed as already mentioned,

44245 Total Solids

This includes all manner of solids that may be
present in the waste. FPFrom table 4.9, the solids content
of the an:erobic effluent iz low. This is most?likély
due to sedimentation. For the 10 day detention period,

the anneroblc pond reduced thc solids content by 65.3%,
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67.9% for the 15 day detention timej and 62% for the

20 day detention time, In the facultative effluent, the
solids content is higher than that of the anaerobic pond
effluent for the 10 and 15 day detention periods, rising
from 456mg/1l to 524mg/l and from 420mg/1 to 480ng/l
respactively, This ie attributed to the production of
algae in the facultative ponds. Dburing the 20 days
detention period, there is a reduction in the sollds
content of the facultative effluent when compared to

the anaerobic effluent. This is because during this
detention peried, there was a noticeable decline in the
algal population due to accumulation of solids in the
pond. This accumulation made it difficult for light o

penetrate and hence photosynthesis was interfered with.

4.2.6 EH

pH determination is essential and valuable for the
proper design and operation of anaercbic digester.
Merkel (1981) observes that anaerobic decomposition is
affected by pH as mathane formers in the system are very
sensitlve to pH shift, pelow pll Gu.6, the methane formers
are siguificantly inhibited. Uhen the digestion process
is properly operated, the biocpnemical reactions maintain
the pH in the proper ranges. The range suggested is 6.6
to 7.6. From table 4,10, a pH range of 6.8 to 6.9 is
maintained through the experiment with anaerobic pond
showing that methane production vvas probaply not innibi-
ted. The pH in the facultative pond effluent was also

in the range of 6.8 to 6.9
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&s247 coliform Bacteria

Table 4,11 shows that the system of anaerobic and
facultative ponds con..ected in series did not completely
eliminate coliform from the waste water. Also there was
.o defi.ed pattern of removal in the coliform concentrae-
tions of the effluents of both the anaerobic and
facultative pouds as the detention times increased,

Each detention period experienced this fluctuation
also especlially an initial i.crease within the first
24 - 48 hours of the cdetention time, After this initial
iucrease, the.. there were rcductious in the pacterial
population although these werc accompanied by the rise
and fall pattern in the vacterial population as well
(see Appendix B, total coliform column of 5-day detention
time),

The inability of the ponds to totally remove all
coliform bacteria present may be due to coliform bacte=-
rial regrowth, This can occur according to Deamer and
Kevvi (1969), in waters with minimal nutrients where
some coliform bacterial can thrive a.d multiplye.
Temperature of above 15°C is needed for the regrowth to
take place, and the laboratory wncre thils research was
carried out hac an average temperature of 26°C. Hence
the atmosphere was quite coucucive feor the bacteria to

tnrive a..d regrow.



zZano.,.1 aud Fleissner (1282), also discovered that
there was consistent initial pacterial replication
activity despite all effortc to eliminate coliform from
the sample. The research was carried out on tne survival
of coliform wvacteria in the laboratory.

Scarce et al. (1964) agreed with the above authors
in concluding that there ic alwoys an initial multipli-
cation of the coliform pacteria population with the
highest population at about 1 day after introduction of
waste into a treatment system, Onc thing worthy of ..ote
1s the reduction that follous immediately after this
peak population even thouch fluctuation accompany this

reduction,.



4.7.8 Design o’ .\nacrobic and Facultative Fonds

For Nation:' ..nimal Froduction Research

Institute, Shika

For this design purpose, it is important to know
the capacity of the oultry farm. From the data
available at the Institute, the capacity is 10,000
chickens, Accordinc to Dugan et. al. (1973), a poultry
farm of 100,000 chicliens generates 20 tons of wastes
dailye

Using the dilution cnployed in this research (5g
of poultry waste Jilut . in 1 litre of water), a flow
rate can be establicned for the design. Also due to
the fact that no duata exists on the amount of waste
gencrated in NAPT, the information given by Dugan et,
ale (1973) has to “e utilized.

From the above d tn, the flow rate of the treat-

ment plant tc be decioned is 10,000m3/day.

(i) Oesign of ‘nacroi*ic rond

A - :Ft 4.1
2
A = Surface crea (mo)
o 3
U = Flow rats (n™/d)
t = Retention time (d)
D = depth ol pond (m)

Assume a de *th o. 4m,

3
o= 0,000 (m~/d) x 1
A = 10,000 (/‘;} 2.4d) . a7, s00m?
Use A = 40,00Cn"
= 4.0“\‘-—.



(ii) Dpesign of racultative Pond

rya=al
18D(1.05)"

Q¢ = Flow rate (m>/d)
Li = 1Inflow 0L into the facultative pond (mg/1)
D = Depth (m)

T = Temperature

10,000 x 190 2

18 x 1,5(1.05

52520m

6-

Use 60,000m°

= SQDhE\-
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SHAPTUR  FIVE

CONCLUZSZIONS  AND  RECOMMENDATIONS

In the lignt of the results, the following

conclusions and reconmondations are made:

Se1

1)

3)

4)

Conclusion

The anaerobic pond aided the settlement of solids

o that the focultative pond polished the anaerobic

pond effluent with less problems with the total
solid content o the waste,

The regression analyses of 20D or COL removals,
BCL or CCU loadings and Detention time gave
coefficients of correlation such as 0,99, 1.00,
«93 and 822, Thic shows that the parameter are
related.

iuring the five, ten, fifteen and twenty days
detention perliodc, the 3CL removals were 68%,
16%, 80% and 06[., Thic in consonaunce with the
tradition BOD ecuation which says that organic
content of a whSia reduces with increase in
detention timo,

The tacultative pond was a%le to remove about
5848% of tne Totrl CZoliform ceoncentration and as
such is not sufficlent for the removal of all

the pacterin precont.

82



502 Recommaendations

The followina arg cuagested for furtner recsearch,

- Further treatment 15 needed before the effluent
can be discnarged intc a receiving body of water
to get rid of all the nutrients that can cause
eutrophication, This may involve tertiary treat- ~

ment such as tho use of sand filtration and/or

chemical coaqul-tion for polishing the effluent.

- A maturation pond In connection in series with
tne anaerocohbic and Iacultative ponds may be

necessary to furthoer reduce the coliform organisms,

- The possibility o tne facultative pond effluent
being used for agriculture and aquaculture should

pve investigatode.
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APPEIIDZIIl A

SAMPLE CALCULATIONS FOR LIIEAR AHND MULTIPLE

REGRES5I0I!

Linear regression ol CUD ac~inst BOUD for the

r
anaerobic pond durinc thz five day detention period

The linear regression equations of COD to BOD

were obtained as follows:

Y = COD effluent from anaerobic pond

X = BOD effluent from anaecrobic pond,

The two major equation governing this approach are

e
SV = aN + a, S x Al
3
SX¥ = a, X+a X A2
& FATn
a,l and ao are conscancsgs
N = number of ternce

From the results obtained

Sy = 2581

&X = 439
Zx%2 . 21629
Zv% . 240555

ZXY = 125721,

Substituting the above information into equations

Al and A2 glves

2581 = % + 439, A3

') -
125721 = 439, + 21629 A4



b)

where;

Solving A3 and A4 simulianeously

a = —.818 and a.l = 326.68'
o]

These are substituted into the equaticn of linear

regression which is

Y = a.l + ao }( AS
giving

COD = 326,68 = o018 LD AB

Multiple Regression

A typical sample calculation for cbtaining
the multiple regression cquation for organic
BOD and COD loadings, organic BOD and COD removals

and detention times, is shown below:

Organic COD loading, oraganic removnl and detention
time
r r.. r [
12 © *13 INfo {
= [ =
Xq V2 | x. +(F13 = F12 F23),
1=-ry, \S2 2 )
1 =1y,
(\':;' (“3) Al
(1) xl = xi -d.l
A = X =X
. .9
xs - x3 ’As




(3} r,l.? = Né '("l \,_‘ - (‘7""1) (2;.;{2)

—— = -
t",u = E o e "
[“"“1 - (Zx)° )[NEx, (5%,)°] A8
rl3 and r23 are obtalned likewise .

o, =
/ 3 ~
—

. Q = - N
5, "N "\ P
X = organic COD loading

= organic COD removols (facultative pond)

X = Detention timc.

From the results obtai..cd

PR
614 .

u

% & 271

el J{3 = 50

o "

— Xl = l‘ljn._~
s -
o ,{2 = 26821
= 2

;_'. ,'-(3 = 750

b Y ! — l

P ((.14(2 = U:& UO
2 XqXq - 5286

A XpXq & 2466

Substituting the above into equation A8

r12 4 x 63180 w (u'.._} {(271)
D
/[4 x 149222 = (614.2)9 [4 x 26821 - (271)7]
= 1,00

Similarly r =0,912

n

13

n

r“)3 _O.\::‘.

“




From equation A9

s, o | 10222 514.%)2
1 - T -

117.1

Likewise 32 = 80,93

33 = 5460
Therefore
5 3
-5-1 = 20.9 ; -s-l = 1.45
3 L
xi = Xi = 153-6.

.xs = X3 L 12.50.

Substituting all the above information into

equation A7,

X1 = 1,313 Xy + 2421 K3 + 37.0 Al0

which means that

COjpaging = 1313 COD. . o . + 2,21 DT

+ 37.0, All
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