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SUMNARY

The objective of this study was to asseFs the

performance of selected waste stabilization ponds

(w.s,p.)

There are two major types of sewage treatment

methods used. These are biological trickling

filters and waste stabilization ponds. The goals

of waste water treatnient is to reduce Biochemical

6xygen De~and (BOD), nutrients and suspended solids

so that the effluent from sewage treatment plants

does not pollute the receiving water body.

This is particularly so in Europe and North

America where nearly everybody has access to piped

water and aesthetic qualities are stressed.

In Keny~where most of the rural population

draws water directly from rivers, sewage treatment

should reduce pathogenes since the receiving rivers

are sources of water to rural communities downstream.

Such diseases like cholera, typhoid, dysentry and

diarrhoea can be passed through polluted water and

this is one of the reasons why removal of pathogenes

is stressed.

From the work done during analysis, the author

found out that in general W.S.P. received high BOD.

L~oadings (approximately 55~mg/l). This is more than

anticipated in the designs 350 mg/l for Dandora (WSP).

Proper flow measurements in and out of (WsP) are not

available and hence effects of seepage and evaporation

could not be evaluated,
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The analytical resuits showed that BOD5 of un—

filtered samples ranged from 75 mg/1 to 333 mg/1.

wh~h is far higher than the recommended 20 mg/1

E Coli count of WSPeffluent ranged from 1 x 1O~

E Coli/lOOmi to 3.7 x 10~ E Coli/lOOml as compared

to recommended 5 x 1O
3 E Coli/100 ml,

Suspended solids values ranged from 2Omg/1 to

225mg/l and this is higher than 3Omg/l which is

recomniended.

The resuits show that the selected W.S.P. do not

perform as anticipated during design. Basic

measureznents like pH,temperature, flows in and out of

ponds should be taken daily while weekly values of

BOD, COD and suspended solids should be obtained.

Further research should be undertaken to take into

account the temperature dependent organic breakdown

rate KT used in the design at the various sites, the

effect of evaporation and seepage. Also to be studied

is the algae that fiows out of WSPand gives the

effluent the green colour to establish how much this

contributes to the BOD
5 of effluent. Total BOD5

removal in kg/day from ponds should be established.

General impression is that WSP are easier and

cheap to operate to obtain required effluent qualitv

although very littie monitoring has been carried out

to support this belief. However, work to improve

the monitoring of WSP is absolutely essential for

arr~vin~ at suitable treatment plants for Kenya.
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1. XITRObCTXGI

Public Nealth in Kenya

1.1 Nealth problene in Vrban Areas of Kenya

~rbanizatioa can be dbfined as an increase in

the proportions of a nations population located

in urban areas. This inpijes both the geographical

relocation of the population as well as an

adjustent in the enploy.ent structure of a nation.

In Kenya urbanization is the result of rural

urban Rigration and this poses three major health

probleas vizt i) housing

ii) water supplies

iii) sewerage and refuse disposal

The long tomn housing policy of the Kenya

Covemnnont is that of pro~,idinga docent house for

ev~ryfamily. In all urban centres (2,ooo people

upwards) the pressing need is far an inerease in the

numbers and cpiality of housing to meet the

accelerating demandstinulated by migration. The

shortage of housing units available underlies the

problems of overcrowding, ~nd shanty developments.

This leads to problenis of water supply and sanitation

that are inherent, which nomnally follow unplanned

construction of dwelling houses without adequate

facilities.

Water supplies present problems as cities grow

and also as per capita consumptions increases &e to
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botter health education, risiag standards of

living and duo to high demandsin indnstries.

The third major problen is sanitation. ly

1965 estimatee, 49% of African househoids had

water closets and these were generally shared by

several householda. They ranged (72% Nairobi) and

~2% Monibasa). Pit and bucket latrines ranged

from (65% Mombasa) to (24% Nairobi) whereas other

towns averaged 65%. Recontly, Nairobi City

Council has converted bucket latrines in estates

like Kaloleni, Makadara and Ziwani to water

bomne lavatorjes. (Vogel et al 1974)

ly 1965 overcrowding in Nairobi was astimated

to be 50% for the African housohold. A third of

the city population lived in an authorised housing.

Another 20% liied in shanties constructed of very

temporally materials like cardboarda and polythene.

These have neen dramatically Ie this date.

A housing stock that was taken in May 1972

(Vogel et al 1974) showed that there were 122,187

household units, 47% of which ware solid/pemmanent

construction and had water supply and sanitary

facilities within or attached to house. 31% were

predoininantly mud om timber with no sanitary

facilities om water supply. Where these

services were available they ware usually communal

and at a distance.
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These were found in Mathare Valley (13000), Dagoretti

(12000) others 5000, Old Pumwani (3000), Old City

(2000), Ruaraka/Kaniobangi (1500), Old Kibera

(mud houses 800),

Related problems are water mupply and sewage

/refuse disposal. Presently, water supply and

distribution are being greatly improved while

eewage and refuse disposal are major problems in

Mathare Valley.

1.2 Ways inwhich water supplies affect health

The relation of personal hygiene to health has

been recognized far many years and’cleanhiness is

next to Godlinesi is very much a nineteenth century

Recently a series of epidemiological

studies have shown that the details of access to

water detenmino the incidence of several infective

diseases. The suppiles of available water greatly

influence faciftiee for disposal of human excreta

and these in tumn affect the spread of many

important diseases. (Feachem et al 1972)

In the tropics such vector-’bomne diseases as

malania, schistosomiasis and yellow feven are

terrible scourgm and threats to population.

Poverty is senious in the rural areas where most

people live and around the edges of cities which

are the fastest growing communities.
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In these areas most people cannot afford a con—

ventionally good water supply at present and these

are the areas most suspectible to such vector—borne

diseases.

1 .3 Classification of water related infections

There are many different infective diseases

which may be affected by changes in water supply.

Classification is by the microbe causing them and

they can be split into vira],, bacterial, protozoae

and helminthic diseases. They are affected by

the mode of spread and can be grouped into four

main categories.

a) Infections spread through water supplies — water

bomne diseases

b) Disease diie to lack of water for personal hygiene

— water washeddiseases

c) Infections transmitted through aquatic invertebrater

— water based diseases

d) Infections spread by insects that depend on water

— water related diseases.



Table 1.1 Classification of infective rliseases in relation to water supplies

1 Water-.bomne infections

(a) Classjcal

(b) Non—c].assical

Typhoid, cholera

Infective hepatitis

Microbiological sterility

Microbiological improvement

II Water-washed infections

(a) Skin and eyes

(b) Diarrhoeal diseases

Scabies, trachoma

Bacillary dysentery

Greater volume available

Greater volume available

III Water—basedinfections

(a) Penetrating skin

(b) Ingested

Schistosomiasis

Guinea worm

Protection of user

Protection of source

IV Infections with water—
related insect vectors

(a) Biting near water Sleeping sickness Water piped from source

(b) Breeding in water Yellow fever Water piped to site of use

V Infections primarily of
defective sanitation

Category Examples Relevant water
improvements

Hookworm Sanitary faecal disposal



Table 1.2 Main infective diseases in relation to water supplies

- -— —-—-- - -t -

Percentage
suggested

r e du cti on
by water

Category Disease Frequency Severity Chronicity improvements

la Cholera + 90

la Typhoid 80

la Leptospirosis + 80

la Tularaemia + 40?

ib Paratyphoid + -H- 40

ib Infective hepatitis ++ +4+ + 10?

ib Soine enteroviruses ++ + 10?

la,IIb Bacillary dysentery ++ -H-+ 50

la,IIb Amoebic dystentery + -H- ++ 50

lb,flb Gastroenteritis 50

Ila Skin sepsis and ~1cers + ÷ 50

Ila Trachoma -H- 4+ 60

Ila Conjunctivitis + + 70

Ila Scabies ÷ + 80

Ila Yaws + + 70

fla Leprosy 4+ ++ 50

Tinea + + 50

fla Louse-’borne fevers 40

lib Djarrhoeal diseases 50

lib Ascariasis + + 40

Ifla Schjstosomjasis It 4+ 60
Ilib Guinea worni ÷÷ + 100
IVa Gambian sleeping

sickness + + 80
IVb Onchocerciasis ++ ++ 20~
IVb YeLLow fever + 10
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Table 1.3. The four mechanisms of water—related

disease transmission and the preventive

strategies appropriate to each mechanism

Transmission mechanism Preventive Strategy

Wat er-bomne

Water—washed

Water—based

Water—related

Improve water quality
Prevent casual use of other
unimproved sources

Improve water cpantity
Iniprove water accessibiliby
Improve hygiene

Decreaseneed for water contact
Control snail populations
mmp~ovequality

Iniprove surface water management
Destroy breeding sites of insects
Decreaseneed to visit breeding
sites

Table 1.4. A classification of water—related diseases

Category Example

1. Faecal—oral (water—bomne
or water-’washed)
(a) low infective dose cholera
(b) high infective dose Bacillary dysentery

2 • Water—waahed
(a) skin and eye infections Trachoma, scabies
(b) other Louse—borne fever

3. Water—based
(5) penetrating skin Schistosomiasis
(b) ingested Guinea worm

4. Water—related insect vectors
(a) biting near water Sleeping sickness
(b) breeding in water Malaria
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Table 1.5. Water—related diseases with their water
associations and their pathogenic agents

Water—related Category from Pathogenic
Disease Table 1.4. Agent

Amoebic dysentery ib C
Ascariasis ib D
Bacillary dy.entery ib A
Balantidiasis ib C
Cholera la A
Diarrhoeal disease ib H
E~teroviruses (some) ib B
Gastroenteritis ib H
Giardiasis ib C
Hepatitis (infectious) ib B
Leptospirosis la E
Paratyphoid ib A
Tularaemia lb A
Typoid la A

Conjunctivitis 2a H
Leprosy 2a A
Louse—bomne relapsing fevers 2b E
Scabies 2a H
Skin sepsis and ulcers 2a H
Tinea 2a F
Trachoma 2a B
Flea, louse, tick and mite
borne typhus 2b G
Yaws Za E
Clonorchiasis 3b D
Diphyllobothriasis 3b D
Fasciolopsiasis 3b D
Guinea won 3b D
Paragonimiasis 3b D
Schistosomiasis 3a D

Arboviral infections (some) 4b B
Dengue 4b B
Filariasis 4b D
Malania 4b C
Onchocerciasis 4b D
Trypanosomiasis 4a C
Yellow fever 4b B

A bactenia; B Virus; C~Protozoa; D helminth

E spirochaete; F fungus; G -= rickettsiae;
H = miscellaneous
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The big wornie. in municipal water supplies are that

feacal pollution may allow organisins which cause such

diseases as typhoid, where the infecting dose of bactenia

to someone who drinks water is low, to be spread through

water supplies and cause a lange outbreak among the

people who drink the water. Such infections are water

borne diseases since the pathogenes are carried

passively In water supplies and they are prevented by

attention to water quality.

1f the water quantity is very small, it may be

jinpossible to maintain reasonable personal hygiene.

Water for waahing oneself, food, er ILtOflSiiS may be

inadequate and therefore people may remain unwashedand

this may allow akin infections to develop unchecked.

This make. it easier for intestinal infections to spread

from one person to another (through food hand].ing).

These then are vaten washeddiseases and their prevention

depends on availability, access to and quantity of

water supply.

Sonze w~~minfections are not spread passively from

person to person in the water. The parasite eggs or

larvae wbich reach the water are not directly infective

to man biit ~ infective to specific inverterbrates eg.

snails.
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In these intormediate hssts, they undergo developments

and after some time (day. or weeks) they meture and

may be shed into the water. These larvae are

infective to man who is infocted by drinking or on

contact with the water. Such woras whoae transmission

is based upon an aquatic organism may be called water

based infections. Prevention is by specific action

to remove the intermediate host.

Lastly there are many infections spread by

biting insects. Most of these breed in water eg.

moaquitoes• Other insect. capable of transmitting

disease eg. tse tse fly only bite near water to

which those lacldng piped water go to draw water.

These are water related diseases.

All the water borne, and some of the waterbased

diseases depend en feacal access to domestio water

sources and the transmission chain may be breken by

safe disposal of human wastes sa well as protection

of water supplies • Some of the water washed

intestinal infections may be reduced if better sanitary

condi~ns reduce soiling of hands • In others,

sanitation is more important than water bocause

transmission is from feaces to soil and by direct

penetrabion back through human skin.
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1.3.1 Water Borne Diseases

Classica]. water borne diseases are diie to

highly infective organisma where only a few are

neededto infect • Good examples are typhoid and

cholera

These two diseases occur as the coinmon source

and outbreak where a community water supply gets

containinated by feaces from a person suffering

from or carrying one of the infections. Many

people drink the water and a number of these fall

±11from the infections at about the same time and

the sudden appearanceof a great nuinber of sick

people combined with their sevenity makes the

diseases so feared.
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Typhojd

This is the moet oosmopolitan of the classical

water borne infections. It produces a severe

f even in man. lacteria are ingested and very few

are sufficient to infect • Duning the first few

weeks of line.., they may be detected in the

blood and are absent from excreta imt subsequently

they occur in large numbers in feaces originating

from ulcers in the small intestines. Prevention is

by immunization which laste for many years. A

small proportion of those who recover clinina]ly

continue to pass typhoid bactenia in their feaces

for months or years and these carriers are the source

of water borne infection.

Typhoid bacteria survive well in water but do

not multiply there • Removal is by siow sand

filtration and chiorination.

Cholera is smmilar to typhoid in sonze ways • The

onset of diarrhoea is sudden and volume is immense

80 that untreated victim has a high probability of

dying from dehydra~n within 24 hours or more.

Infective dose is quite large but pollution levels

in endemic areas are very high with immense feacal

volumes full of bacteria and in dense human

volume..
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Protection~ by “~“ization (for a few months)

so that improved water supply and sanitation is

the mest useful control. Other infections

inciude Leptospirosis diie to spirochaete which

cause jaundice and ~w~i1st disease, Amoebiasis

eg. &itamoeba histolytica causes dysentry, protozoal

infection eg. giardiasis (diarrhoea).

1.3.2 Water washed diseases

Dlarrhoea are the moet important water washed

diseases. They resu.lt from a range of infectious

agents. All infections that can be spread from

one person to another by way of water supplies may

also more directly transmitted from feaces to mouth

or through food. Infections may be rediiced by

provision of more abundant or accessible water of

improved quality. This is particularly so in case

of diarrhoea]. diseases due to both bacteria and viruses

as well as protozoa. All these infections f all to a

low incidence under good hygienic conditions.

A second group of water vashed diseases are

infections of the body surface, the skin and the eyes.

These inciude skin ulcers infected by bactenia,

scabios duo to small mite that burrow in the skin,

fungus infection of the skin and trachoma. More

water, together with iniproved personal hygiene are

needed to reduce the freqiency of these infections.
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1.3.3. Water based diseases

These are all worm infections. Several

are diie to flukes or nematodes whose larvae

depends on aquatic snails. The eggs pass from

excreta to water and the larvae emerging from

snails may be ingested with domestic water or on food

plants or animals which acquire encysted larvae

from the water. These inciude schistosome worms

which can bore their way dJrectly through the

human skin • Other. inciude Guinea vorm etc.

1.3.4 Water related insect vectors or disoase

These inciude the mosquito related diseases

e.g. malaria, filaniasis and they will not be

covered here.

O~eo~a D1505e
~-dep.r~de - ~ Ir~dePeflde~t
ol ~ ‘r ~1 of gucSty

~_VVoti,r oted

jtpflS~ fl~rriQI

F •~ Ih~e~ii~ 1~’edrelation between volume ~tn’l qualiiy of watel
~upp ies aud the bi Lkfl of ~ater-relai~d discase A is the .tifl(tUflt 1 diseise
‘.ith uniinproved ~iipplics At 41 watc 1 ~reIated diseasc is mtniin,it Al (1,

optima’ benefitsare htained lor minimal itnprovemen’s (Feachem
-- et ei ]974

Oonr,,n1bertef~t5for
m4r~rr~Improtefl~oflt5

4 — ArflOUOt Of d~Seute
-te urerrtp(OVed ~upOI,es



— 15 —

2. RJIW WATER SUPPLY

Surface and underground sources are used

for a variety of different purposes. In hot

climates, the sources of water are variable

in quality and microbiological quality. The

presence of feacal material in water presents

the most immediate hazard to health since feacal

material from either human or animal sources may

contain pathogenes. Diseases caused by feacal

material may be diie to protozoal or viruses.

2.1 Indicator lacteria

It is calculated that bacteria constitute

over 30% of the total wet volume of feaces.

Feachem et al (1972). Counts of intestinal

bacteria can therefore be used to give a very

sensitive liet of the extent of feacal pollution

of water.

lacterialogical tests for the detection of

feacal po~ition of water have been developed,

using non pathogenic group. of bacteria selected

on the basis of the following criteria:

a) numerous in feaces but not other

ntaterial

b) counted by meansof simple, reliable

tests
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c) more resistant than pathogenes to

physical and chemical inactiviting

agent.

d) unable to grow in conditions outside

the intenstine

The feacal caliform is a specific indication

of pollution. Escherichia coli is

exclusively feacal and constitutes over 90%

of the caliform flora of the human intestine.

Feacal streptococci are occa~nally used

as ind.icator organisme especially where

confirmation of dubious E. Coli results is

re quired.

Tests for these indicators organisme are

simple to perform on a routine basis.

2 .2. ~zaljty of raw water for potable supply

Microbiological quality for drinking water

supply may be studied for:

a) assessmentof the suitability of new

water sources

b) routine surveillance of existing supplies

c) isolation of specific pathogens in

epidemic situations.

For a new water supply it is necessary to

have adequate knowledge of it. sanitary quality,

seasonal variations in quantity, and chemical

quality must all be established to determine type

and degree of treatment necessary.
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Total agar—plate count and feacal coliform

tests are performed over a range of hydrological

conditions. These tests are often supplemented

with feacal streptoceccus test especially if the

feacal coliform tests give ~uivocal results.

Animals generally excrete much higher numbers

of feacal streptococci than humans. The ratio

of feacal. coliforme to feacal streptococci in a

water can indicate whether pollution is derived

from human or animal sources.

Ratio of feacal coliform. to feacal

streptococci greater than 4.0 etrongly indicate

predominantly human contamination with associated

danger of human disease. (Feackem et al 1972)

Ratios of feacal coliforms to feacal

streptococci lees than 1.0 are inainly animal

contamination • Where pollution occurs inter—

mittently, the clastridium perfringes test is

useful since the spares can survive in water for

months after other indicator bacteria has died.

The microbiological quality of waters ranges

from excellent (mainly underground source~) to

groesly polluted. Surface water especially near

urban areas are usually highly polluted.
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3. Pollution Abatements

Pollution can be defined as the introduction

into a bocly of water any substance in solid,

liquid .r gaseous form which may change the

characteristics of the body of water as to

disrupt its use as a source of domestic water,

do.troy or interf ere with the growth and breeding

of it. natura]. flora and fauna, have deleterlous

effect. on crope as a source of irrigation,

interf ere with~s use as a recreational area and

prejudice it. function as a source of water for

domestic, livestock and wildlife.

Meadows (1973)

3.]. Pollution sources

The quality of water in Kenya varies greatly

from place to place, depending upon where it is

found and with what it has come into contact with.

Water coming from Mt. Kenya as snow melt contains

practically no turbidity er dissolved solide at

the onset. Nowever, surface water becomes turbid

as it travels over land by collecting soil

particles, plant debris and animal wastes. When

the small stream. combine to form the tributaries

of the Tana LLver, the water becomes red and very

turbid by the time it reaches the Indian Ocean

particularly during the rainy season.
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The quality of the water is also affected by

the use that is made of the water by man. Water

used for irrigation may become saline; water used

for municipal purposes gets fouled with domestic/

human wastes while industrial waste water may contain

toxic substances

3.2. AErjcultwral wastes

Agricultural practices produce wastes wbich

affect water qua].ity in varinus ways. Sa].inity

which irrigation may add to water may make it

unsuitable for other uses even for further

irrigation. Some farming methode may destroy

surface cover of grasses and trees and hence

increase soil erosion and the turbidity in the

receiving water • Some agricultural chemicals used

as pesticides and herbicides may be toxic to fi~h

and other acpiatic life. Fertilizers can stimulate

the growth of aquatic plants inciuding algae which

may clog raw water intakes and impart abnoxious

tastes and odours to water.

33. m~irn4ty wastes

Transporting and disposal of municipal vaste

water is one characteristic feature of a modern

comiminity.
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lecause of large volumes of water that are used

for commercial, induatrial and domestic purposes,

the collectien, treatment and safe disposal of

sewage becomes an important community problem.

Where small amounts of water are used or

where there are large distances between individual

home. or other sources of wastes, sewage can usually

be disposed off safely by so~cage, (allowing it

to seep into the ground depending on soil condil~ns,

permeability, parasity etc.) As the populâtion

deusity increases the capacity of the soil to

carry away wastes is exceededand land disposal of

the waste water is neither aesthetically desirable

for hygienically acceptable.

In densily populated areas, sewageis usually

disposed of by discharge to a receiving body of

water. The wastes are diluted to a pont where they

are not a nuisance. 1f the receiving water volume

is nst large enough to provide adequate dilution, a

form of treatment is necessary to remove enough

pollutanta from the waste water and hence be

released to lake aquatic environment.

Large towns and cities require hugo amounts

of clean water for their populations and industrie..
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Importation of water to augment local empplies

normally creates a problem in that there is an

increased amo*nt of wa*te watera to be disposed

of f into receiving water. of constant volume.

In Kenya moet major towns and cities have grown

in locations of united water res~rces and this

practically as~es them of having localized

water pollution problems that may be diffic*lt

or expensive to control. (World Health
Organization Report No. 5 March 1973)

3.4 Industria]. Wastes

The number of Xenyan indu.stries that produce

wastes that may pollute water resources is

relatively small and many are located in Nairobi,

Thika and Eldoret. These include textile

industries, food processiug, dairies and tanneries.

Industrie. discharging directly to rivor are

coffoe, sugar, sisal, palp and paper industrie..

Where there is a sewex’ege .ystem, local

industry is encouraged to discharge its efflnents

into public seivers.-

3.5 Waste water characterjetic.

Domestic wAste water contains organic and

inorganic matter as suspended, colloidal and

dissolved solide. Their concentrations depend

on the nee to which the water has been put.

Climate, health and habite of the people have a

marked effect on the waste water characterjstjcs.
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The presence of industrial wastes in the public

sewers can substantially alter the nature of waste

water. The amount of water used per per son can also

affect the concentration. Thus, waste water

characteristics vary from city to city and also

from season to season.

Raw domestic waste water is mainly organic and

contains carbor~ nitrogen and phosphorous among others

with relatively high concentrations of micro organisms.

They are readily putrescible and biological degrada—

tion of organic matter proceeds even as the wastes

flow through the sewers. Table 3.1 gives

characteristics of fresh sewage. Note that values

given are in term. of g/capitafir design purposes.

Values given in terms of mg/litre are obscured by the

fact that water usage varies marlced].y between

communities.

Normally biochemical oxygen demand (BOD)

average around 54g per person per day where sewage

collection is efficient.

Table 3.1 shows the fate of pollutants discharged

by man as a result of his industrial,

agricultural and urban activities.
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Domestic waste is composed of human wastes and there

are principally organic wastes.

Wastes + oxygen- bacteria=oxidized wastes + New bacteria.

As mentioned eariier the strength of the waste depends

on the quantity of organic matter and the water

associated with it • The strength of the waste is

usually judged on the basis of BOD and in this paper,

the BOD value refers to the 5 day, 200 C value.

Below is a general classification as given by (Mara ei

al 1972)

Strengbh BODmg/1

Weak 200 or les.

Medium 350

Strong 500

Very strong 750 or more

Waste water treatment has three aims:

a) destructjon of pathogens especially

causatjye agent. of water related diseases

which are associated with domestic wastes

(category 1 Tabie 1.5)

b) To convert the wastes into a re—usable

resource and conserve water and nutrients

c) To prevent poilution of surface and ground—

water into which effluent escapes.
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To achieve its aina, wast. wator treatasnt st

prodace an effimant of cortain quality. Generally the

required offlu.nt ~uality La a..Lgmed as is

2Oag/l and suspendedsolide is 30g/i (Meadow. Nov.

1973.) For these standarda to be me*n4ngfnl, certain

basic information should be available and these

incinde t

a) the amount of dilution availab].e in the

receiving water body

b) the subsoquent downatreau .f the water

c) the self purification characteristics of

the water body

d) the couposition of the offluent

e) the exiating pollation bad u~.treaaof

the outfail and as much Imowledge of it.

ecology as possible

f) the water qwality characteristica of the

receiver that will affect the degr.. of

toxicity oxert•d by the efflnont.
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4. WASTEWATERTREA~1ENT)SETEODS

In every country there are many conpeting

demanda om th. united anount of funds for

devol.~pmomt.

Wast. water treatmoat, although important

from public health, eeological, aeathetic and

other poimta of view is generally likely to

be giwsa a bv priority. Thorefor4 within

the limited funds aviabablo, the designer is

calbod apen t. select a nothod of vaste water

trsatmeat which will bo capable of meeting the

envir.ameatal quality objoctives and giving

the right d.gr.e of treatment requirod before

diacharge to ri’vers er coastal veters.
From amoag the treatnent mOthoda qualifying

for osnsid.ration, those having a bearing on

local souditions such as dAnst., land availa—

bi].Lty, oquipsent, power, need of inported spare

parts, availability of sidiled personnel and

facilitie. for op.ration and maintenanceof the

plaat are asbectod.

Over the years, it bas besom. increasingly

apparent that simple, low coat vaste water

trentmeat dos not noc.ssariiy meen bv qnality

tre~t~omt. Without sacrificing quality, ways

and neans of rodacing the costa and ceaplexities

of vaste water tr.ataua1~ have been devebopedand

ahould bo wslcomed by all ongineers who would

like to stretch the public funds available as far

as pouibbs to meet the rising expectations of the
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peopbeand buibd plant. that will vork nader

varione eonstructi.n and oparatiomsi diffionitios.

The nethod vhich is technologically ainipleat,

scononically competitive, and operationally

capable of meeting effinent quality recpairsaeats

must be preferred if a project is to bo viable.

A few methode of vaste water treatmomt are

available in Kenya for troatment of both domestic

and indastrial vaste. • These are listed bsl.w

in increasing order of nechanization:

a) Waste stabilizatiosi ponds (lagoons with

or witheet anaarobic ponds preceeding than

b) Mechanically aerated lagoons er ponds

c) Oxidstion ditches (pasveer type) and

ether aaration

d) Acttvated sludge proces. and trickling

filters

Anyone of these methode should give a high

degroe of removal • Item (d) above may seen out of

place in this paper which is emphaaiziag pond.. as

treatment method bot it must bo recognized that in

Kenya before independenco in 1963, mest of the

treatment plante ware trickiing filters. The trend

these days is shifting to vaste stabilization pond..,

exidation ditches and aerated lagoons. This is

becausethey are cheaper to build and aasier to

operate.

At conventional treatment plants, they generally
conatitmte screens, flow recorders, primary sedi—

mentation, trickling filters and humus tanks.

To gat a clearor pictmre of the vaste water

treatment methode that are in usa in Kenya, Table 4.1
show their construction and usa pro 1963 ~ 1982

(Stoveland et al 1982)



Table: 4.1 Table showing types and number of treatment plants in Kenya

1963 1975

(Operated by Local Authorities) Stoveland et al 1982

0

0

1975 — 1982 0 3 35

TIME BUILT

TREA~~!FZT METHOD

CONVENTIONAL
TREATMENT
WITH
TRICIU~ING
FILTERS

STABILATION
PONDS

Before Independence

OXIDATION
DIT CHES

OR
AER.ATED
LACOONS

12

TOTAL
NUMBER

Under construction

3

15

2

1

15

1

3 4 43

Total 14 24 6
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4.1 SEWAGE Tl~EA~4ENTPLANTS USED fl~ SELECTED

TQWNS IN KFNYA

Large towns and cities recpire huge amounts of

water to sustain the needs of their population and

industries. The importation of water to augment

local supplies almost invariably creates a water

pollution problem for largex’ and larger volume. of

sewage must be disposed o~ in receiving waters of

aiirtually constant size. Almost without exception,

the cities and towns in Kenya have developed in

locations of limited water resources and this

practically assures them of having localized water

pollution problems that may be difficult or

expensive to control (Report No.5 W.H.0. 1973)

4.1.1 Nairobi

The City of Nairobi is situated on the Athi Plain

at the edge of Rift Valley in the central part of

the country began as a rail road town early this

century. Water resources in the area are

extremely limited and water is brought in from

sources in the Aberdares Range by pipeline. The

Nairobi River which serves as a receiving water

for the treated effluents for Eastleigh and

Kariobangi sewage treatment plant. is very small.

Each of these plant. employs trickling filters

for seconctary treatment. The B0r~ofthe river
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below Eastleigh plant during dry weathrr has

been measured at lOOmg/1 (1972) Report No. 5 WHO1973

Further downstream BOD5 is still increased by

discharge of final effluent and by passed flow

from Kariobangi sewage plant with BOD depending on

the amount of sewage being by—passed at any given time.

Further downstream the newer Dandora treatnient plant

which comprises of facultative and maturation ponds

discharge their effluent into the same river.

4.1.2 Mpmbpsp

The second largest town of Kenya gets its

water supplies from Mzima Spring and wastes are

disposed of in the Indian Ocean.

Treatment plant in Mombasa was bui]t in

1964 and has a capacity of 3700 m
3/d primary

treatment with outf all far out in the Indian Ocean.

There is also an oxidation ditch in Changamwe/Kipevu

area.

4.1.3 Nakuru.

The plant was built in 1956 and with a design

flow of 4000 m3/d and comprises of trickling filterb.

Effluent is discharged into Lake Nakuru. This has

been augumented by new lagoons to provide for

expected industrialization and consequent growth of

population in the community.
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4.1.4 Ki~nu

The treatnent plant is conventional

enploying trickling filters for .ecandary

treatment. Design capacity i. about 68003/d.

Final of fluent j~ jute Kasat River whick fiews

to Lake Victoria • In addition tharo ar.

WSP recently built.

4.1.5 E1dor.t

Design capad.ty of the .riginal sewage

treatment plant was l~oJ/d and finally 45003/d.

The treatment plant usos trickling filters and

dischargo is jute sosian riv.r. Wazte atabilisati on

lagoens have been built to augunent the

existing old plant.

4.1.6 Thika

There are two treatmont plant. in TbLka

Mi’n4 cipality. The first was constructod La 1~56

employs Imh.ff tanks f.r primary treatment

and triekling filters for aoc.ndary treatment.

Effluent is discharged into Thiks river.

A now eet of 20 pouds hee r.placed the

old conventional werks in 1~72and this

alloviates the problem. Thero are aa~ ind*stries

in Thika which discharge very strong waats water

in the sewer system.
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4.1.7 Nyeri

The original plant was designed as a

secondary treatment plant only employing

trickling filter,. Effluent is discharged into

the Chania River which provide adequate clilution.

The trickling filters do not operate frequently

as intended and the humus tanks act as a primary

settiement tank. A new treatment plant is

under construction and should be ready in the

near future.

4.1.8. Embu

&ibu has a sewer system comprising of a

circular primary pond and a small inaturation

pond capable of treating nearly 4000m3/d per day.

The receiving water for the effluent is the

Rupingazi River.

4.1.9 Kitale

The original sewerage treatment plant was

constructed in 1958. It comtrises of pre—

liniinary and primary treatment followed by

trickling filters and aataration ponds. In

addition a now waate atabilization p.Md plant

is in operatin.
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4.1.10 Karating

The treatment plant c~ks of screens

and 4 pond. in series and the outf all is into

Ragati River.

4.1.11 Other~

Other treatment plant. in Kenya inciude;

Meru, Molo, Ngong, Sotik, Kericho, Bungoma,

Homa Bay, Nyahururu, Limuru, Muranga and Nanyuki.

(Report No.5 WHO1973)
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5. WASTE STABILIZATION FONDS (wsr)

Waste stabilization ponds are large shallow

basins enclosed by earthen enbaiikments in which raw

sewage is treated by natural processes involving

algae and bacteria. They have a low rate of

oxidation and the hydraulic retention times are in

the range of 30—50 days.

Fig. 5.1 Circuler Weste Stabilization Pond
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Purification of wastes is by the following

continuous processes

a) sedimentation of settleable solids

b) reduction of BOD by biochemical oxidation

of dissolved and suspended organic matter

c) anaerabic digestion of benthal deposits

and the oxidation of the products of such

digestion

d) reduction in the concentratjon of

pathogenic organisms diie to the inhospitable

enviroriment and long detention times required.

See Fig. 5.2 for BOD removal in facultative pond.

EffluQnt BOD

al

soIub~

BOD dQs(royQd

BC’~ ~ St

flr)

s~ttI~ablQ SOIUtDI2
!~rrn~ntatpon
products

SIU~gQ a~r-’r~

~ith~j )I) r~ini~tI n f~tculht ~e~t~ibiIi,atiit Ronds (ultei M ~ra~
5.2 1970ht M~ra 1972)
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The rate of oxidation of organic compounds

exceeds the rate of oxygen supply by surf ace aeration

and the extra oxygen required is supplied by algal

photosynthesis, Carbon diozide usage by algae exceeds

the supply diffusing in from the atmosphere and the

balance is provided by bacteria. This symbiotic

relationship is a characteristic of waste stabilization

po~4~. Fig. 5.3

W n -

AERO~IC.

~

RcWa~re~
~ O~ COaNHa,PO

4k~C)

15~t1eobl~
5oI.d~

bo.ctc~rjo —~ CN~.CO~Nk~~ ~NAE~BK-

Fig.J.L WAS1ESTABJU2ATIOM POND MEC.~-4ANLSM~

(Frac~er Nov. 1973)

5.1 Mj~i~~

Wind and heat are major factors which influence

the mixing within pond.. Mixing minimizes short

circuiting and ensure a reasonable uniform vertical

distribution of BOD algae and oxygen, The depth of

wind induced mixing depends largely on the distance the

wind is in contact with the water and this unobstructed

is about lOOm for maximum mixing. (Mara 1972)

ri 9h 1
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5.2 Types of Ponds

Ponds are generally classified according to

the nature of biological activity taking place

within them. Such ~ classification is shown

below:

a) Facultative ponds

b) Aerobic ponds

c) Anaerobic pond.

d) Maeuration pond.

5.2.1 Facultative ponds

These are the most coinmon and they

normally receive raw sewage which has only

received prelizninary treatment. The term

tFacultative’ refers to a mixture of aerobic

and anaerobic condition and in a facultative

pond, aerobic conditions are maintained in

the upper layers while anaerobic conditions

exists towards the bottom.

As depicted in Fig. 5.3 some of the

oxygen required to keep the upper layers

aerobic comes from rearation through the

suz~cewhile most of it is supplied by photo—

synthetic activity of algae which grow in the

pond, where both nutrients and incident

light energy are available. The pond bacteria

use the ?algalt oxygen to oxidise the organic

waste matter
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The end product. include carbon dioxide which is

readily used by algae during photosynthesis since

their demand. is higher than their supply from

atmosphere.

Since photosynthesis i. light dependent, there is

a diur~a1 variation in the amount of dissolved

oxygen present in pond (fig. 5.4) and a similar

fluctuation in the level below the surface at wh±ch

dissolved oxygen concentration becomes zero. The pil

of the pond contents also foliows a cycle increasing

with photosynthesis to a maximum at peak demandwhen

algae remove C02 from solution more rapidly than it

is being replaced by bacterial respiration. This

causes the bicarbonate ions present to dissociate to

provide more C02 and alkaline hydroxyl ion which

increases the pH

HCO~—9~C02 + OH

1 ~

51-

_~__ • — •~___~._•__-. —

O
0400 1600 0400

TIME, h

Pig,J.4 E)iumiI v~iriation in dissolved oxygLr~.
o, top 2U1) mm of pond, • • 800 mm below sui face(Mara

1972)
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5.2.1.1 Sludge Layer

When sewageenters the pond most of

the solide settie to the bottom and Lom a

sludge layer and at temperatures greater than

15°Canaerobic digestion of sludge

Mara (1972) has shown that at temperatures

greater than 22°C evolution of methane gas

bouys sludge particles up to the surface to

form sludge mate.

The soluble product. of fermentation

diffuse into the bulk of liquid where they are

oxidised further. Seasonal variation of the

rate of ferinentation (w1*~hincreases sevenfold

with each 5°C nee in temperature) make. the

BOD5 in pond almost constant throughout the

year despite temperature changes. (Mara 1972)

5.2.1.2 Dej,th

Pond depth of les. than im do not

prevent the emergerx~ e of growth which encourages

breeding of mosquitos. In and areas

evaporation may make it necessary to have pond

depth of 2m to minimize surface area. Cenerally

pond depth is around l.
6m.
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5.2.2 Aerobic W.S.P. (Hij~h Rate)

Aerobic conditions exiets throughout the

shallow depth of 0.15 — O.5m. Algae production

is maximized by ensuring that “oxypause~is at

bottom of pond. 1f deeper pond. are required,

pond mixing by ptwips om surface aerators is necessary.

5.2.3 Anaerobic W.S.P,

Essentially these are anaerobic digestors

and may be used to pretreat strong wastes which

have a high solids content. The solide settie to

the bottom and are digested anaerobically; the

partially classified supemnatant liquor can be di.—

charged into a facultative pond for further treat—

ment. Successful operation of anaerobic ponds

dependson the balance between acid—forming bactenia

and methanogenic bactenia. Temperature 15°C is

necessary. pH must be greater 6. Ecofioaics of

land are achieved by use of anaerobic pond..

To conserve heat and maintain anaerobic con~itions,

depth up to 6m have been used. (Fraser 1973)

5.2.4 Maturation Ponds

These are used as a second stage to facultative

pond.. Their main function is the destruction of

pathogens.
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Feacal bactenia and viruses die off reasonably

quickly due to the harsh environment. The

cysts and ova of intestinal parasites whose

relative density is about 1.1 settle to the

bottom of pond and due to the long retention

time they die. BOD removal in maturation

ponds is low. They generally have ahallower

depths than facultative pond..

5.3 WasteStabilization Usage

From a survey camnied out in 1964—1967 by

WH.O. it was established that waste stabilization

ponds are in use in at least 39 countnies. Such

ponds are in use from the polar areas to the

equator Gloyna (1971).

The organic and volumetnic loadings were

found to vary considerably but BODremoval

efficiencies for comparable areas and loadi.ngs

seem fainly uniform throughout the world.

5.3.1 W~astie Stabilization pond. in Kepya

By 1973 there were waste stabilization

pond. in 35 locations in Kenya eithen in

operation om under construction. Frasen (1973)

Ten years later, more W.SP. has been

built in various locations inciuding Nairobi,
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Naivasba, Nyahururu, Busia, Kitale, Isiolo and

~Ldoret.

5.3.2 DesiEn of Wpste Stabilization Ponds

in Ken~

Pacultative Pond.

The design of WSPsystems in Kenya in

the past has been largely preoccupied with

BOD removal which take. place mainly in the

first pond. Designers have often used their

empirical loading mate to calculate the total area

af a pond system (facultative and aaturation

pond.) nather than the area of facultative

pond alone, leading to immediate over loadi.ng

of the facultative pond. Frasen (1973)

It is recommendedthat regardless of

whether the pond. provide complete or secondary

treatment, two pond. in series should always

be provided in preference to a single pond.

(Report No. 9 WHO1973.)

The recommendedmethod for designing of

facultative pond. is based upon the forinulae

suggested by Marais in his 1966 paper but

modified by Gloyna (1971).
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There are two basic ecpiations—

(Lo ) 1

RT — 1) ~ 1

Lp = 60O~ _____ 2

(o.18d + 8)

Where

RT = recpiired detention time in days at

teniperature T

Lo the oxygen demandof incoming sewage

in milhigrammes per hitre (if the ponds

provide secondary treatment then Lo

may be taken as the BOD; where the pond

provide complete treatment, then for

the pnimary pond Lo should ~qual the

Ditiniate Oxygen Demand (UOD) which for

domestic wastes is approximately equal

to 1.6 time. BOD5

Lp the BODof pond effluent mg/l

KT = the bmeakdownmate per day of sewage

organics at temperature T. The units

being day -1

d = the depth of pond in metres and this is

1.75 metres in Kenya
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Value. of KT at various temperatures are given

below in Table 5.1

Table 5~,4

Temperature

Degrees centigrade
-~ --

trm —l
“

day.
~

10

14

18

22

0.12

0.22

0.32

0.42

Value. of KT at vanious temperature

from Report No. 9 WHO1973

Since pond. are ~ess efficient at lowrr

teniperatures, T is taken as the annual timean of

minimuntU temperature for the area in which pond

will be located.

On this basis Kenya i. divided into 4 zones

each with its KT value; these zones are shown

en Fig. 5.5
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Exa~rn1eshoyin~ihow to ~s~e desi~i formulae 1 and2

Given to design two facultative ponds in series to

treat sewage contributed by 1000 persen. to a BOD

not exceecting 20 milhigmnms per litre and assuming

a value of KT 0.12

Solutjon

Assume

a) 1 person contributes 55 gram. of BOD

per day in say 80 litres of sewage

Therefore 1000 persen. contribute 55

kilogrammes of BOD and 8 x 1O4 litres of

sewage sach day.

BOD concentration of sewageis x io6 mg

S x
= 690 mg/1

The UOD concentration of sewage is roughly

1.6 x 690 mg/l 1100 mg/l

1f d l.75m, substituting in Formula 2

Lp 600
(0.18d+ 8) 72 mg/l

This i. the BOD of the pnimary pond

Substitutjng this value for Lp in Formula 1

RT ~:i~~o — ij o~i~ 118 days

Surface area of primary pond

Dail~r F1o~Jm3Jx RT
Depth (in m) 5400m3 O.S4ha
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Organic Loading of primary pond

BOD cojice~tration (KE/Utrej x Dpjly flow ~jn ljtres)

Surface area (in hectare.)

= 6.9 x 1O4 x8 x 1O~

0 • 54

KE xL x 1-r d~y

102.5 Kg BOD
ha day

Secondary Pond

Formula 2 has no significance

RT —

RT ____ — 1~

Lo 72 mg/l ie effluent from
pnimary pond

Lp 2Omg/l given as the required
system effluent

1 = 118 days

Surface area of pnimary pond

Surface area

= 915 m2

0.09 ha

surface area (ha)

=64 ~ BOD
ha day

~xL
L !. day

A 80x22
1.7 ~

M3 x dys
in

Organjc Loadjn~of Secondarypond

BOD concentratjon (kgJi) x Daily Flow (L)

7.2 x105x 8 x 1O4
0.09
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Tables 5.2 and 5.3 give comparative results for

different value. of T found in Kenya Report No. 9

WHO (1973)

Table 5.2 Primary Pond design : comparative

resuits for different tempsratures

Tdegrees
centi
grade

KT —1(days)
RT

(day.)
Surface
area
(ha)

Surf ace
Loading (kg
BOD per ha
per day)

10

14

18

22

0.12

0.22

0.32

0.42

118

64

44

34

0.54

0.29

0.20

0.15

102.5

190

260

360

Table 5.3 SecondaryPond design; comparative
different temperatures

t

T
degrees
centi
grade

—~

KT
-‘1

day

0.12

0.22

0.32

0.42

—

RT
(day.)

—

—

Surface
area
(ha)

—

Surface
Loading (Kg
BOD per ha
per day)

—

10

14

18

22

1

22

12

8

7

0.09

0.05

0.035

0.025

64

118

170

224
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* it should be noted that RT should

never be les. than 7 day. even when

calculations show that theoretically

a shorter period of detention is adequate.

Mptur~tjpn Pond..

Maturation pond. are aerobic waste stabilization

ponds, normally 1 meter deep.

In order to produce an effluent with BOD 25mg/1

it has been found that two maturation ponds each

with retention peniod of 7 days are required. This

assumes that BOD5 of the effluent of facultative

pond is les. than 75mg/1. Mara (1972)
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6 8ITES SW~E~BDFOR S1VDT

To evaluate efficiency of WSP in Kenya, three

djfferent pond systems were selected. These

selected locations are sampled and analysis carried

out on

a) the raw sewage

b) primary pond effluent

c) secondary pond effluent

d) Maturation pond effluent

In short grab sampling was done at all pond

effluents, Such measurementsas pH, temp or flow

were measuredif possible. The analysis include

BOD5, suspendedsolids, COD, and E Coli and this was

carried out at the University of Nairobi Environmental

Health Engineering Laboratory.

Standard method for analysis were employed so that

the data obtained can be comparedwith other data.

The selected W.S. Ponds are

a) Nairobi WSP at Dandora

b) Karatina W.S.P.

c) Embu W.S.P.
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6.1.1. D~A1I~XRAW • S.? ~ 1~?BASEX

Sjtin~ o~Works a.nd Tvp~es of Fonds t

TheseW.S.P. ware Ixi.ilt to augment the

two xisting plant. which are of the trick]Jng filter

type.

These pond. are sited sufficiently far

from built up area. (in order to avoid nuisaxice

arising from smell, insecta e.t.c.). This was also

to allow room for futher growth of the city and to ensure

that Nairobi Airport could be drained to this site.

It was essential to enaure that t1~e length

of outfal]. sewer to be laid will not be too long

so as to avoid excessive costa.

There i~ a total of 8 pond. consisting of

2 parallel 1~iesof 4 pond. each. The first

2 pond. in each line are facult*tive pond.

and the other 2 are maturation ponds. This means

that in each line there is

a) primary facultative pond

b) secondary facult~tive pond

c) primary maturation pond

d) secondary maturation pond

6.1.2. Design VaiLuep:

Design vaste water flow = 30,000 m
3 /d

Design B.O.D. 340 mg/1

Design suspendedsolids = 360 mg/1
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The sizing of the pond. is as follows

a) primary facultative pond.

length — 704 m.

Breadth — 305 m.

water depth — 1.75 m

Nominal retention times is 24.5 day.

pond.

295 m.

305 in.

— 1.75 m.

time. 10 day.

c) Primary Maturation pond.

length — 291 m.

Breadth — 305 m.

Water deptb — 1.25 in.

Nominal retention tinies = 7 days

d) Secondary Maturation

length —

Breadth —

Water depth

Nominal retention

pnnds

295 m.

305 in.

— 1.25 in.

time. = 7 day.

6.1.3. Pond Lay~itt

b) Secondary facultative

length —

Breadth —

water depth

Noniinal retention

At Dindora, pretreatment include automatic

coarse screena, storm water overfiow and venturi.
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flunie. Inlet vork. consist. of 2

constant velocity channel. in which automatic

screens with 25 mm opening facultative.

Provision has been made to have washouts

in each pond and also to isolate any pond for

desludging See fig. 6.1 approximate layout.

At the star4 of study period the two

maturation ponds on Line A had been emptied for

remedial work. This made it necessary to sample

Line B only. Raw waste water sample was taken

after the sereen while the other samples

were taken at the pond outlets of all pond.

on Line B. Toward. the end of the study

period the two maturation pond. started filhing

up.

Observation during the study period showed

the pond. to be bright green in co].ou.r • There

was a hittie bit of scum at the corners of the

pond. but not much. The whole place had grass

cut and the paving slaba are all in place.

During early morning there was fokm~ngat

pond outlet to the river.

A few species of duck and stork thrive in
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in the pond. and about 10 hippos have their

home in the pond.. These hippos are docile and

do not cause problents to the plant operators,

however, they sometimes raid the surrounding

farm. and cause havoc to maize patches.

The sampling was done mostly around 10.00

— 12.00 hours in all cases and the samples were

in the laboratory by 14.00 hoai’s.
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6.2 EMBU W.S.P.

This system comprises of one circular pond and

a small maturation pond.

The first pond is circular with a middepth

diameter of ilOm and water depth of l.37m. The

sewage is conveyed to the pond via a screen and a

submerged inlet pipe and at the end of the inlet pipe

there is a scuinboard. The pond is furnished with a

baff le wall to avoid short circuiting. The outlet is

near the centre of pond, where an inlet box is placed.

From the inlet box, the water is conveyed in a concrete

pipe at the bottom of the pond to the second pond.

4

Fig. 6.2 EMBU PRIMARY POND
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The slope of the embarkm~ts for the first pond

is 1:2.5. om the “wet” side and 1:2 on the “dry”

side • The embarkmentsare renderedmasonry giiiing protection

against waves and growth of vegetation. At the inlet

the mamonry is extended to the creat to serve as

temporary area for removal of surface scum.

The second pond was originahly constructed as

a temporary pond during the desludging of the first

pond but after desludging, the pond was used as a

secondarypond. It has an. area of about 2000 in2

and depth varies from 1w — 2m. It has no botton hining

and there is a lot of seepageand at times there is no

outlet flow.

The outlet of this pond goes to a small stream

which later joins the Rupingazi River.

There is no detailed calculations of the sewage

treatment plant avaihable but the main design figures

appear to be as fohiows (CowI Consult 1983).

Population served 9000 persons

Estimated dry weather 3
682 in /d

£how

Total pond surface area 12.141 in2

Total Retention line 65.75 day.

The pond. had desludged from May to August 1983 and

they started filhing around Septemberto December.
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6.3. LARAT[NA W~S.P.

This waste water treatment plant catei’s for

Karatina Municipahity and it is composed of 4 pond..

These are

a. Primary Facultative pond

b, SecondaryFacultative pond

c. Primary Maturation pnnd

d. Secondarymaturation pond

The dimensions for the pond. is as followst—

Primary Facultative Pond 2
Area = 13,000 m

Depth = 1.10 m

Secondary Facultative pond 2
Area = 4130 in

Depth = 1.65 in

Primary Maturation Pond Area = 1850

Depth = 1.65 m

The raw sewage is screened and the fhow is measured

by a 450 V — notch. The daily average flow is about

6 • 5 h/sec which is ~ppr.Ximat~Ly 560 m3/day.

The pond area is well taken care of and the grass

on the embarkment/trimmed. Only signs of deterioraj4on /is

is that plastic membranes used to line the botton of

the pond. is floating on the surface in the Secondary

facultative pond.
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Sampling was done at the inlet of raw

sewage and at all the pond outlets and five samples

were cohlected each time. The labehhing for the samples

was as fohlowss—

KR for Raw Sewage

for Primary pond effluent

for Secondarypond effluent

IU’L~ for Primary maturation effluent

KM2 for Seconciarymaturation effluent

At the start of the study period the algae in

the pond was green throughout and there was no

offensive smeli.

Fig. 6.4 gives the pond layout.



T
PRIl

- - pc~i~J~

0•’

$

K464r’
g,~4 t

g

‘iG. 6.4



62

7. RESULTS AND DISCUSSION

The resuits obtained after analysis of samples

painta a dismal picture.

The strength of the raw sewage i-eceived by the W.SP.is

abovo 550 ing!].. This, coupled with apparent overloading

and infiexibility of their operation points to problems

in achieving the desired goals at 20/30 mg/l

(BOD5/suspended solids) and high colif~rm removal as is

expected with WSP. The resuits obtained show that there

is room for improvement and it is even necessary to

improve or build extra ponds at some of the sites ui~der

conaideration.

Before starting regular analysis of the selected W.S.

Pond., a lot of problems were encountered. The

biggest problem was organisation especially how to get

the necessary reagents. It took almost 4 months (from

Sept~ber 1983 to December 1983) to get the chemicals

from Germany. This means that the study period was

shortenecl by 4 months since it was supposed to end by

end of February 1984, being of 6 months duration.

Permission to visit and sample some of the W.S.P.

took so long especially Dandora, the Nairobi City

Coinntission took almost 3 months to grant permission and

lay conditions necessary.
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Owing to the long distances especially to Embu/

Karatina (almost 400 kin..) it was necessaryto use an

ice box and the time taken to bring the samples to

the laboratory was almost eight hours. This means

that the samples could not be analysed the same day.

The volume of work to be done in the analysis was

quite big (8 samples for Karatima/Embu) and 5 for Dandora.

Out of these samples, the following paraineters had to

be obtained, suspended solids, pH, Eschericia coli,

Biochemical Oxygen Demand and Chemical Oxygen Demand.

Due to the 5 working days/week, care had to be taken

50 that the 48 hr. E Coli count, the BOD5 tests did mot

fail on Saturday or Sunday or on a public holidsy since

the laboratory remain. closed on these days.

In addition, some samples especially for E Coli

gave no count and this could possibly be attributed to

the sample botties being contaminated. Some other

resuits of BOD5 and C.O.D. were suspect and these could

be attributed to human error and probably cate to the state of

some of the reagents. For BOD5, the starch indicator

didnt give dear colour changes sometimes.

Nevertheless, the following results were obtained.

Where there is astericks *, it means that the resuits

were suspect. It sho~ld bo nsted that all saaples

analysed wore grab samples.



Table 7.1 TABIJLATION OF RESULTS

All aamplea carried let .n grab aamploe

EM = Embu Maturatjon
pond effluent

EMBU

DATE OF
SAMPLING

WHERE
SAMPLED

CHEIIICAL
OXYGEN
BEMAND
(COD)

ing!].

BIOCHEMICAL
OXYGEN
DEMAND(BOD )
mg/l

SUSPENDED
SOLIDS
S.S
ing/1

E COLI
per
lOOmL

7/2/84

ER

EP

EM

7.6

7.9

8.0

1408

1152

400

ERRORIN

DILUTIONS

350

280

100

-

4x107

3,7x105

16/2/84 ER

EP

EM

7.5

7.8

8.0

1600

368*

272*

1307

423*

350*

745

195

115

NO COUNT

8.9x105

7x104

6/3/84

-

13/3/84

ER

EP

EM

ER

EP

EM

8.2

8.5

8.4
—~----

7.1

7.4

7.4

1328

576

176
-

1408

1152

400

743

243

223
-

660

310

240

505

275

125
-

770
475

125

l.75xl07

4.9xl05

1.04x106

4.9x106

2.2x104

1x104

ER = Embu Raw waste water EP = Embu Pond effluent

A



Table 7.2

S

S

KARATINA

DATE OF
SA}IPLING

WHERE
SAMFLED

pH CHEMICAL
OXYGEN
DEMAND
(COD)
mg/l

BIOC~EMICAL
OXYGE$
DEMAND(BOD )
mg/1

SUSPENDED
SOLIDS
s • s
ing!].

E COLI
per
1 oomi.

2/2/84

KR

~i

~2
DI1

DI2

7.4

8.2

1080

808

448

352

304

548

172

180

145

130

339

296

227

147

111

7/2/84

KR

KP

~2
DIi

DI2

7.5

7.8

8.4

8.5

8.0

1600

960

920

520

1400*

ERROR
IN

DILUTION

360

210

270

70

20

5.6x10
6

1.7x106

l.4x10

l.2x105

4.0x104

16/2/84

KR

KP
1

1(P2

IcM1

~2

7.0

7.5

7.8

8.1

7.8

1080

640

272

416

418

960

443

373

473
333

650

160

190

180145

4.1x10
7

2.3x106

8x104

—

3xl04

6/3/84 KR -

~l
I~p
KM~

DI
2

7~u~9
8.7
8.6
9.0

8.4

1136
736
720
384

448

577
163
8~
50

263

- 395
390
380
145

- 180

3.6x1O~
1.7xlO
5x1o

5
lxlO

—

Karatina contd,



Table 7.2 Karatjna contd.

KR. 7.0 1456 837 540 1.6x107

13/3/84

KP
1

KP2

DI1

7.9

7.9

7.3

912

32

1184

267

353

560

475

355

510

1.1x10
6

2x].05

1~1O~

KM
2 7.5 560 395 225 —

= Raw sewage at in.let
= Karatina primary facultative pond effluent

= Karatina secondary facultative pond effluent

= Karatina primary maturation por~ effluent

= Karatina secondarymaturation pond effluent or outfall

‘.0

KR

KM2
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Table 7.3 DANDORA

PH COD BODC TS SS E. COLI

SAMPLEDON 22/2/84

RAW - 7,9 1080 — 585 555 1.32xl07 -

FACULTATIVE
POND 1 F

1
8.0 448 243 300 3.06x10

6

FACULTATIVE
POND 2 F

2 8.2 288 175 210 9.27x10
5

MATURATION
8.3 416 150 135 7.1x105

MATURATION - 8 • 5 - 3o4 115 125 1~.7x105

SA11PLED 0W 29/2/84

RAW 7.2 *272 *153 175 3.13x106

FACULTATIVE
POND 1 F

1 7.3 512 147 277
6

1.22x10

FACULTA~ÏVE
POND 2 ~ 7.5 528 157 250

.

1.6xl0
5

MATURATION
POND1 M

1 7.6 512 137 225 4.lxlO
5

MATURATION
POND 2 M

2 7.7 352 78.3 125 l.Ox]O
5

SA}IPLED ON 19/3/84

RAW 8.5 720 *88.3 - 230 -_4.63x106__-

FACULTATIVE
POND 1 F

1 8.7 576 123 290 2.5xl0
5

FACULTATIVE
POND 2 F

2 8.9 448 125 265 1x10
5

MATUftATION
POND1 M

1 8~9 512 130 230 1x10
4

MATURATION
POND 2 M

2 8.9 416 75 195 1x10
4
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TABIJLATION OF RESULTS

DANDORA

SAMPLED 01 31/1/84

COD ~OD
mg/l

T.bl. 7.4

Pil TS SS E COLI
sg/1 per lOOs].

RAW 7.2 1240 548 1176 350 —

FAcULTÂ~XVE
POND F1 7.4 240 172 584 130

4
3.7x10

FA~ULTATIVE
POND £3 7.5 160 180 408 138

6
3.7z10

NATUATIOJ
POND)11 7.6 240 145 98 142

5
3.3z10

MA~RATI01
POND 7.9 200 130 , 476 78 8

3.lxlO *

SA1~LED01 ,/2/84

*AW 7.1 1141 -_~.0 ~.5 7x10
6

FA~LTATXYE
POND 6.~ 364 175 215

3
8x10

FA~ULTATIU
POND 2 ~2 7.2 544 137 l~O 62.4x10

MATURATION
POND 1K1l~

7.0 248 67 140 6.3x105

14kT~kATIN
POND 2 ~ 7.2 28e 113 110 4.1x105

SA1~L~01 14/2/84

14W —~ 6.6 *]~Ø 188 135
5.5~i0b

PA~LTATIY1
POWD 1F~ 6., 321 120 215

6
2.9x10

FA~L2&x~ya

~A 7.1 368 86.68 255 7.4x10
5

NATUZATIOJ
POJD1L~7.2 288 75 160 5.5x105

)(ATUIA?XU
POND 2 ~2 368 75 4.9,c10~



Tabi. 7.5

% Reductions in BOD5 COD, E COLI and S.S.

For Dandora W.S.P.

REDUCTIONPERCENT (%)

DATE 31/1/84 9/2/84 14/2/84 22/2/84 29/2/84 19/3/84 Ave %

REDUCT
ION

BOD

COD

E Cc,li

S.S.

76.3

99.8

77.7

77.8

73.1

94].

78.6

60.1

—

91.1

—

80.3

71.9

98.7

77,5

48.8*

33*

96.8

28*

87.1

—

99.8

75.7

81.4

96.1

.-

PERCENTREDUCTIONIN BOD , COD, E COLI and 5.5.
For Karatina

5W.S.P.

REDUCTION PERCENT (%) -

DATE - 2/2/84 7/2/84 16/2/84 6/3/84 13/3/84 AVERAGE %

BOD

COD

E Coli

S.S.

76.3

—

—

—

—

12.5*

99.3

94.4

65.3

61.3

99.9

77.7

54.4

60.6

99.97

54.4

52.8

61.5

99.93

58.3

—

62.2

61.1

99.77

71.2

PERCENT REDUCTION IN BOD
5, COD, E COLI and S.S.

for Embu W.S.P.

REDUCTION (%)

DATE 2/2/84 7/2/84 16/2/84 6/3/84 13/3/84 AVER.AGE

BOD

COD

E Coli

S.S.

—

—

—

—

76.9

98.76

71.4

73.2

83.0

99.74

84.6

70.0

86.7

94.05

75.2

63.6

71.6

99.80

83.8

68.9

79.6

98.1

78.8
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7.1 Karatina W,S,P.

Over the study period these ponds did not perform

as well as expected and they did not fulf ii the

20/30 ing!]. 50D5/SS standards. However the

percent reduction in BOD5 over the 2~months

study period averaged 6 2.2%. From the results

it is apparent that from late December to middie

of March, there is a decrease in percent reduction

in BOD5. Perhapsthis has got a connection with

observatjons made on 3rd March 1984 when the

pz~nary maturation pond (1CM1) had turned slightly

brown especially at its inlet. The following

week on l3th March, 1984 it was noticed that

the secondary facultative pond 1(P2, the primary

maturation pond 1CM1 and the final maturation pond

1CM2 had turned slightly pink and especially so

at the banks and corners. It was also observed

that the pink colour was predominant where scum

and floating sludge mats had collected.

In the pond KP2, it was also observed that the

polythene used to line the bottom of pond had

started floating to the surface. This could mean

that there is some leakage. During the study

period, the effluent was just a trickle and this

did not compare with the influent raw sewage.

Since the study time concided with the hot dry

season, it can be asswned that the seepage and

evaporation took a sizeable volume of pond water.

During this period, there was vigorous algae

growth and this can probably account for the high

BOD5 values obtained since the saniples were

filtered.
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The pink colour could have been caused by growth

of coloured micro organisnis if suiphide or sulphate

concentration was high. Generally such micro organisms

are associated with waste waters that contain excess

hydrogen suiphide (Gloyna 1971). Note that from the

tabulated results of 6th March the pil of KM~

reached 9.

Fig. 7.1 ehwing Karatisa ia].et to prisary
facultative p.sd — Notes the scu
at botto. .f picture
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In the primary facultative pond KP1 there was a lot of

scum and despite the efforts of the two pond attendants

to disperse it they stili kept on reappearing.

The E Coli count resuits obtained showed that the

effluent from W.S.P. was quite high although an

average reduction figure of 99.77% was obtained over

the period. This does not compare with 5xl0
3. FC/lOOml

From a study carried out in 1977 and 1978 (Bozniak 1978)

around January to March 1978 it is dear that the 1984 resuits

for the sanie period is worse. The BOD and COD influent

is higher today than 1978 and consequently so are the

effluents. See Table 7.6a and 7.6b for comparisori.

This could probably indicate that the pond effluents

content of algae is too high.

Table 7.6 a BOD, COD ~uspeadd a.lid re.ults
f.r Jas. Feb. March (B.z~iak 1978)
All reeulte are is sg/1

MONTE PARAIIETERS RAW
SEWACE

PEIMART SECONDARI TER
TIARY

MATU~AT.

fl.O.D. 315 35
-

20 - 24 17
C.OD. 195 133 105 97 -

8.5. — — — — — — —

FEB.

MAR.

B.0,D.

.~

fl.O.D.
C.O.D.
~S• S.

—

353

353
~78

—

—

-.J2.L...I..

~
~

—

—

J.&L,..__~

59
i6~

—

—

9~

57
28Ô

—

~

26
1Ö7~



Showing reaults .btained
All resuits in w~g/1

KR KP1
RAW PRIMART

SEWAGE FACULTATIVE

Table 7 .6b fros Karatina W.S.P.

~2 KM1 ~2
SECONI*RT PRD(ARY SECONDART
FAcUL~J~FIVE )4AIVRATION MATURATI 01

1

p

2/2/8$
BOD
~g/i

COD
SS

548

io8o
339

172

808
296

180

448
227

145

353
147

130

304
111

7/2/84
BOD

COD
SS

—

1600
360

—

960
210

—

920
270

—

520
70

—

1400*
20

16/2/84
BOD
COD
SS

960
io8o

650

443
640
160

373
272
190

473
416
180

333
418
145

-

13/3/84

BOD
COD
5$

BOD
COD
SS

577
1136
295

—

837
1456

540

163
736
390

267
912
475

85
720
380

353
32

355

50
384
145

-

560
1184*

510

263
448
180

-

395
560*
225
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7.2 Embu W.S~P.

At the start of the study period in January 1984,

the primary pond had just started filling up after

desludging. However it was observed that there

was a dense growth of algae. Lots of scum had

collected at the inlet and the pond attendants were

kept busy removing the floating scum. Though the

pond surrounding aie well taken care of it is important

that records for flow measurements, pH and regular

analysis should be kept. The resuits obtained

from analysis show that en the average BOD5 reduction

is about 70% with effluent BOD5 values averaging

271 mg/1.

Suspended solids (S.S.) of effluent averaged

116. 3mg/1.

Clearly this does not meet the effluent standards

of 20/30 mg/1 BOD5/S.Se and it fai~terrib1y.

E. Coli reduction is roughly 98% which is quite

high although the E Coli count of 3.73xl0
5 EC/100 ml

does not compare favourably with the required

standard of ~ FC/l00 ml,

From studies carried out by (COWI consult 1983) it

appears that the COD and BOD of influent aad eeflu.nt

ie fa~ zch higher t.day thas at the tiae erf the

COWI eessult study.

Probably, the reason why such resuits were

obtained is because the pond community has not

stabilized since desludging was done recently.

For the time being, the W.S.P. attendants should

be pa~ided with better tools to remove the scum

and probably a boat or raft to make their work

easier on the pnd.



- 75 —

Table 7.7A Analysis of composite saniples of
influent and effluent from first
pond (coWi consult 1983)

— --- - —- —

Removal

%
—~— —- ———— —

-___I

Influent

mg/1
— J—_-__

Effluent

mg/1
-——S-

BOD5

COD

Suspended solids

Free and saline
Ammonia as (N)

Albuininoid Amnionia as (N)

- Phosphateas (P04)

393

619

351

53

11

- 11.3 -

61

147

52

38

3

0.1

84

76

S~

28

7R

99

Table 7 .7B Coliforms in effluent from first pond and
in Rupingazi River (COWIconsult 1983)

-

Co].iforms/100 ml Faecal
coliforms/100 ml

—~-- — ——-— ——— r r

EFFLUENT 5 p.m.

EFFLUENT 8 a.m.

RIVER 9 a.m.

3.1 x io6

1.4 x ~

1.7 x 10~

1.2 x io6

2.6 x 106

3.0 x io2
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Fiff. 7’~ shnwin~r scum baffie and scum
which has accumulated at th~’
inlet of nrimary nond

t

Fig. 7.2 showing coarse screens at
Embu
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Fig. 7.4- shows submerr~ed iniet pipe and
sctum baffie at Embti Primary pond

Fip’. 7.5 workmen removing scum using
dippers at Finbu



Fig. 7 .7 Maturation pond outlet
Note that flow is just a trickie

Fi’r • 7.6 Maturation pond at Embu



7.3 D&ndora W.S. Ponds

The Dandora ponds proved to be the biggest

problem during the study period. The problern

arose because out of the 8 ponds existing, 4 ponds

in series were selected. This was diie to the

fact that, of the two parallel lines, Line A which

bas 4 ponds was out of function due to reniedial

works on the last two ponds, therefore Line B

was selected but the problem arose when the last

two ponds on Line A started filling up. It is

not dear what effect this had on Line B which was

being studies. See Fig. 7.3 for the pond layout.

At the beginaing, the 2 facultative ponds

on Line A were discharging into the 2 facultative

ponds on Line B, Later on the two parallel

lines started operating independently.

From the results obtained it is quite dear

that the ponds are grossly overloaded and they can

not meet the 20/3Omg/l BOD5/COD effluent standards.

On the average BOD5 reduction was about 76%

while suspended solids was 77%. The flgures are as

follows:BOD5 average 97.7 mg/l, COD average 320mg/l.

When the raw sewage BOD5 and COD values are compared

with the design figure it is quite dear that the

W.S.P. are not working projerly.

Design BOD5 340 mg/l

11 Suspended

Solids 360 mg/1

Actual BOD5 Load average = 547 mg/l

Suspended solids average = 327 mg/l
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The E Coli reduction was obtained as 96.1% and not as

high as expected and the E Coli count of effluent

was 2.36x105 EC/lOOmi on the average and this does not

compare favourably with the standard requirement of

5.l0~ FC/].00ml. It was observed that there was dense

mats of floating sludge and scum at the inlet of

DF
1 (Primary Facultative pond) and there seems to be

short circuiting along the length of ponds. Nobody

seems to think of breaking these sludge mats and they

are very adorous. There is a boat that could be used to

help break this mats, The automatic screening machines

at the raw waste water inlet are always breaking down

and the maintenance crew is having a hard time repairing

them.

Otherwise the plant is well taken care of and the

embankmentsand paving slabs are all in place.

~he grass is cut short. However there is a lot of

foaming at the outf all and this is especially so in the

morning hours up to 10.00 hrs. Generally, the colour

of pond contents is green and beconies progressively

lighter towards the final maturation pond.

There is some wildlife in the pond which inciude

ducka, stocks and most of all a herd of about 10

hippos seem to enjoy the surroundings. See Fig. 4

Some people come to bird watch here and this could

become risky as the Nairobi City Commission is not

responsible for their actions in case of accidents.
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Fig. 7.8 Inlet works at Dandora W.S.P.

Fig • 7.9 sho’~iing embankxnentbetween
the two parallel lines A and 8.
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Fig. 7.10 A hippo having a nice time in
the primary maturation pond at
Dandor a

Fig. 7.11 shows ducks and stoclcs that inhabit
the maturation ponds at Dandora
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Fig. 7.17 Outlet structure on final maturation
pond at the line A before it fill.d
up after remed±al work was done.
Note the paving slabs are in place.

Fig. 7.13 shows outf all from final maturation
pond on line 5
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Fig. 7.14 Gauge measuring effluent from
final maturation pond on line B.
~ote the frothing that occurs

~:i~ ~

Fig. 7.15 Outf al]. to river showing the
frothing
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8. CONCLUSIONSAND RECOMMENDATIONS

To conciude about the resuits, it is very

difficult since the available analysis resuits are

so few. Generally, to evaluate how well the W.S.P.

are working, the following points have been raised

as regards design criteria, 20 mg/1 S.S. recoinmendations,

question of algae being discharged with WSP effluents,

whether the high BOD5 COD, S.S. have a bearing on the

evaporation and seepage, etc.

8.1 Desjgn Criteria

The current design criteria as stipulated in

(Report No. 9 WHO1973) should be evaluated with

resuits obtained from the existing W.S.P. This

is very important especially when the question of

20 mg/1 of S. Solids is raised.

The algae that fiows out with the effluent of

WSP can be quite high in some cases and as far as

WSP effluent is concerned, it appears that 20 mg/1

S.S. is not realistic. This is so when one

considers the nature of algae. Retention times

should be checked since short circuiting probably

occurs in most ponds.

8.2 A1g~eand WSP eff luent
The algae that is discharged with the W.S.P.

effluent will exert a delayed BOD5 value. This

is because the algae is on organic material. To

ascertain the true or more realistic value of

BOD5 of W.S.P., the samples should be filtered

which was not done in this study.

8.3 High BOD~COD and S.S. values

Since temperatures are high in the study

areas, the question of evaporation and seepage

should be looked into. Is there any relationship

beteen the high BOD5, COD, S.S. and the evaporation?

1f so what is the extent of this relationship?
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8.4 Total Kg BOD5/day removal

To know how W.S.P. are functioning it

would be better to evaluate the total Kg BOD5/day

removal and to get this, the flows of raw waste

water entering the WSP and the effluent should be

measured. By comparing the BOD5 of influent and

effluent, a realistic figure can be obtained for

total BOD5 removal in Kg/day.

8.5 Need fQr further research

Considering how short the study period was,

it is feit that there is need for further research.

This research should cover the topics mentioned in

8.1 8.4.

In addition, the sampling should be done at

various levels at the pond outlets to see whether

E Coli counts will vary with depth of samp].ing.

Such measurements like flows in and out of

W.S.P., pil, temperatures and weather conditions

should be noted daily. This is to help in

monitoring the WSP performances.

The following page gives sug~estions and

recommenctationson how to improve the performancc~

of W.S.P. Foi-’ the recommendations to be

cieaningi~i, the responsibilities of Local

Authorities (o~ners)and plant operators have

been defined.
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SUGGESTIONS AND REC0MM~NDATI0NS

The operation of W.S.P. is the responsibility

of the local authority as well as the operator. Between

these two — each has a set of responsibilities and

colletively, the fulfilment of these responsibilities

means proper operation of the W.S.P.

8.6.1 Owners Rosponsibiiity

It should be the responsibility of the owner

(local authority) to:

— have a trained conscientious operator

who is capable of operating the installation.

— Provide a trained competent maintenance

crew to back the operator

— provide the necessary tools, material and

parts neededfor proper plant operation and

maintenance

— Provide proper instructions and orientation to

to the operation/maintenance crew

— Provide opportunities for plant personnel

to increase their imowledge by their

participation at meetings and special



88

training courses. This will give the personne]. a

sence of importance in knuwing that their work is

appreciated . This gives them personal satisfaction

on top of their monetary benefits.

— Provide salary/emoluinents that are commensurable with

the responsibility. Quite often the aalaries paid

to most operators is not what would be expected

considering the importance of the W.S.P. and the

amount of money used to construct them.

— Laboratory facilities for control and asseasnientof their

own performance

8.6.2 Operatrs Responsibi].ity

The operator is responsible Lor:

— the efficient and proper operation of W.S.P. to meet

the effluent qualities stipu].ated by the standards.

- Maintaining equipment, building and grounds.

— Maintaining a safe healthy environment

— Performing or having tests performed and making

observations for the proper operation of W.S.P.
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- properly interpreting and applying laboratory

analysis resuits.

— Notifying the local authority far enough in advance

so that tools, parts and supplies will be available

when needed,

— Keeping records

— Write reports to senior personnel

8.6.2. ~ OperatLo~and Performance

Ponds cnn be operated in parallel or in series. Fig 8

shows ponds in parreils operation. In parallel operation

the influent waste water is discharged in equal amounts

to all the primary ponds • This is used to distribute

excessively high loads to all ceils.

In series operation the waste water is discharged

to the first pond and then after treatment it fiows

into the second pond, to the third pond. Each pond

provides add.itiona]. treatment.
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The quaiity of the effluent from W.S.P.

depends to a large extent upon the amount of algae

in the effluent. Algae i~ normally less in the

secondary pond than in the primary.

HARC*

Fig. 8.1

Ponds can be operated in PARALLEL or in SERIES.
The following diagram shows ponds in parallel
operation
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ECOND/~R‘~

DISCI-IARGE

Fig. 8.2 Diagram shows ponds in series

8.6.4 How to determine whether W.S.P. are working
properly

Laboratopy tests are important but an Operator can

also deternrj~~pond efficiency by observing waste water

colour, odour, vegetatjon growth and formation of scum mats.

8.6.4.1 Colour: A proper].y functioning facultatj~re pond

with a 4az’~k apar’1din~gree~icoLour. This is mainly caused

by the large amou~nj~of growing algae. Si.nce there is lesa

algae in the secondarypond it will be clearez’ • 1f the

colour changes to a 4uJ.l gre~ei or yeflow problenis are

developing. The Pl-! and DO (Dîssojyed Oxygen) are
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dropping and blue green algae are becoming predo—

minant. When the colour in the ponds changes

to ~ dark ~reen or even bl&ck, there is a

problem and anaerobic conditions have turned the pond

septic.

A brown colour creates no problem when it is a result

of certain types of algae. However, this is not good

if it is diie to silt or bank erosion. (WPCF)

In summary the colour in a pond indicates to the

operator the following conditions:

Dark spariding green — good; high pH and DO

Duil green to yellow — not so good, pil and DO are dropping

blue green algae are becoming

established

— very bad, pond is anaerobicGrey to Black

Tan to brown

Red or pink

— OK if causedby type of algae blooni —

Not good if due to silt or bank -

erosion

— presenceof purple suiphur bacteria

(anaerobic conditions) or red algae

(aerobic conditions) . This could be

occasioned by the development of coloured

micro organisms especially in facultative

ponds during the hét seasonif sulph—

ide or suiphate concentration
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is high. Their presenceindicate prior overloading

stratification or operational deficiency (Gloyna 1971)

8.6.4.2 S1u~dEeni~ts

Significant deposits will occur if the pond is

heavily loaded. Another common reason for

accumulation of deposits is storm water. Storm

water enters the sewers and therefore the pond.

The sand and silt in the storm water tends to settie

very quickly near the inlet pipe and there is

a sludge build up and the following signs may

be observed.

— excess solide carrying over to secondary

pond.

— thick sludge cover

— sludge mats

1f solide settie near the inlet pipes~

these solide should be removed by pumping to the

shre.

To prevent sand and grit build up near the inlet

pipe.

— grit chainbers shou].d be installed

— repair broken sewers

— ensure adequate distribution of influent
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8.6.4.3 Or~anjcoveijoad~j~

To determine pond loading it is necessary

to know the average daily flow and the BOD ~- of

the raw waste water. A coinposite sample taken over

a period of 24 hours given a representative sample.

Using the average flow and the average BOD5

value taken over a period of several weeks, the

load.ing can be calculated as follows:

loading
= Flow x BOD

Kg/ha/day

1000 x area

where

Flow is in m
3/d.ay

BOD
5.is in mg/1

Area is in hectares

Comparing the results obtained with the design

loading should show whetber pond is overloaded er

not. In Kenya a conunon].y used figure is 225 kg

BOD5/ha/d.ay.

(Fraser 1973)

In some instances an otherwise normally

operating pond suddenly turns septic er anaerobic.

This condition becomes even more critical if pond is

overloaded. The reason for it is the following.

The biological cycle in the pond may generate just

enough dissolved oxygen for the days need.
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But during the hours of darkness, when the algae

do not have the sunlight necessaryLor growth, and

oxygen production, the bacteria continue to use

oxygen. Consequently, there is a sharp decline

in oxygen production • For an a].ready overloa ded

pond, this may be enough to turn the pond

anaerobic overnight.

Possible solutionçto organic overloading are

— convert flow pattern series to parallel

operation

— Instail aeration equipment

— add more ponds.

Note The organic overloading is normally caused.

by increased population and by increased

volume of industrial bad

— installation of aeration equipment is en

expensive short term solutions.

8.6.4.4 Hydrau]jc. over1oadi~g

Hydraulic over].oading may be causedby incraased

volume of waste water chie to incraased population or

by increased volume of industria]. wastes. Other

causes include storm water infbow and infiltration.

Hydraulic overloadirig rechices the detei2tion
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times in the ponds.

The following could offer possible solutions

to reduce waste water flows

— locate and remove illegal su.i~ace‘water coa*ec*ions

— repair any broken sewer lines

To reduce water usage and thereby the waste

water flow

— increase cest of water

— instali meter to discourage wastage

— encourage industries to recycle water

where possible

To be able to operate pond properly, the daily

waste water flow should be measured. Flow

measuring devices in common use inciude

— Parshall flume, V—notch or rectangu].ar weirs

— recorders used in conjuction with flumes

and weirs and provide a continous record

of fiows om a chart.

To calculate flows, the method is shown in

Appendix 3

8.6.4.5 riod.i.c Samples

1f possible samples of the effluent are taken

weekly and the Lollowing analysis performed.
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— BOD5

— SS (suspendedsolide)

— feaca]. coliform, (E. coli)

effluent dissolved oxygen

The samples should be refrigerated or packed in

a cool box with ice and transported to the laboratory

as soon as possible. Waste water samples for E.coli

tests should be collected in seperate sterilized

botties.

The feaca]. coliform test shou].d be started. within

6 hours after sampling. The other tests should be

started within 24 hours of sampling to get accurate

resuits.

Finally a monthly record of all laboratory

analysis should be kept for future reference.

8 • 7 ?1ain~tQnançe

Proper maintenance of W.S.P. is essential for

efficient treatment. To properly maintain pond

system the following factors shou].d be considered.

— odou.r control

— weed control

— vegetation control on the dike



98

— insect control

— dike maintenance

— control structure maintenance

— seepag. control

— toxic material control

— vanda.lism

8 • 7.]. • Odour Control

Odours may arise from a number of situations.

Frecpiently they are associated with the d.ecayof

matsof algae that have been blown to a bank

or corner • Chiamydomonasfor example can grow

rapidly and reduce light penetration.Airing hot period

and in sha].bow depths, sludge mats rise from - the

bottorn. These organic debris usually aocumu].atein

corners and if not disturbed the entire maas may

become covered with blue green algae.

Usually bacterial activity is intense and .dours are

overpowering (Gloyna 1973)

Odou.rs can also be caused by anaerobi.c con~itions

in the pond. Basically odorous condf*iona can bo caused

by:

— e~ensive cboud cover which re&tces the

amou.nt of sunlight and therefore the amount

of dissolved oxygen
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Fig. 8.4 Dispersal by floating mats by water jet
(Gloyna 1971)

8.7.2 Weed Control

Plants around or in the ponds cause problems.

Plants that grow to the surface promote concentration

of scum and sludge mats and encourage insect breeding.

Surface weeds~hich float on the waste water

surf ace poses a threat when they die. They cause

a high oxygen demand.

Control of surface weeds

— introduce ducks which eats the weed

— dear the area around the ponds to provicle a

good fetch distance lOOm all round is quite

t ~
v.

- t

good.
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— toxic waste that lcills a portion or all

the bacterja

— a sudden shock bad of high strengbh

organic wastes.

The solution to

immediate dispersal.

the floating maasto

bottom. This can be

jet from a hose.

the sludge mat problem is

Agitation of surface causes

break up and settie to pond

achieved by use of a water

A].ternatively a Loot powered i4aft or engine

poweredpadctLe wheel can be used to agitate the

surface. See fig 8.3. and 8.4.

T

..-—

S

Fig. 8.3 Dispersal by means of Paddie wheel (0.Faurby 1982)
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This causes mixing and some of these veecLs

can not flourish under these conditions

8.7• 3. ~otatipri, colktrol o~i the dike

Dikes have a protective grass cover. The

embarkments should be inspected regularly for

erosion diie to wind. Paving slabs should be

inspected to see whether they are sliding of f

as wind and wave action would cause erosion

of emba*Ianents. The grass cover on the dike must

be cut short always • Burrowing animals like moles

sho&.d also be checked for and exterminated as

their action can weaken the dike.

8.7.4. ]n~sect Control.

The most commoninsects creating problem

around W,S.P. are moaquitoes. A poorly maintained

pond with lots of growing rooted plants or scu.m

provides and ideal breeding site for mosquitoes.

Regulz’ clearing oE vegetation and of scum from pond

end is necessary to control insecta.

8 • 7.5. .Contr~olStruct~res

Leakage and corrosion are the nam cause

that aLLect control structures.

To reduce corrosion lubrication of gates and

valves is vital. To stop leaks gaskets shou.ld

be replaced.
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8 • 7.6. Coptrol of Toxic Matpr~,a3.

Prob].em of toxic materia]. in the unfluent cannot

be solved in the pond itself. Any indu.striai wastes

or any other discharges to the sewage are beat

controlled by elemunation at their source. Therefore

it is important to know which industrial

plant may be discharging toxic wasbesand maintain

good conununication with then.

8.7.7. Vap~.alj.sm

This can be reduced by

— installing lighting

— enciose the structures

— instail fen.ing around the wbole area

— have regu].ar surveillance

e.g. watchman etc.

8.8. ~a~fety

Safety and safety considerations are very

important not only to what is done in mata4’~ng

the W.S.P. but to every other aspect of pond

operation. A good operator must recognize his

responsibi].ity to himself, his Laiwtly his

co—workers, his community and his empboyer.
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Basic safety rulev must always be considered.

W.S.P. like other waste water treatment facilities,

must be treated with caution and respect from safety

and public health point of i~iew by operators and the

general public alike.

In some arcas, ponds have been source of

attraction to chilcLven as well as adu].ts for recreation

purposes. Incidenta of fishing and swiinming in W.S.P

have been reported,recreational use should be

discouraged and safety for many reasons.

The possibility of contamination or infection

from pathogenic organisms does exist when one comes

in contact with vaste water in W.S,P.

Perhapsthe following po±ntsshou].d be noted

— wox’kers should wear proper cbothing such as

overalls, gumboots or we].lingtons

— they should visit the doctor regularly for medical

check up.

— personal hygiene around W.S.P. sh~ld be omphasized

and washrooms provided with disinfectants should be
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ayailab].e

— first aid facilities should be provided

— lifebouys should be placed at strategic

places around embaukmeats.

Although very little monitoring of W.S.P. has

been carried out, general impressio~iis that ponds

are easy to construct and cheaper to operate than

trickling filters as used in Kenya.

Finally, if the recommendations arxi suggestions

given above are followed, it is possible to improve

resuits from existing (w.s.P.) and achieve even

better results from plants designed in the future.

This would justify the trend in Kenya of switchiig

from trickling filters to waste stabilization

which is evident for the last ten years.
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Appendix 1

Determjnatjon of flow through a V notch weir

The following information will help ~o determine

flow through a V—notch weir

~NGLE

CREST

To determine flow, measure the head of water above

the crest of the weir. Then use the chart on the

following page to determine flow in metric units.

25H

M~N

A!R
SPACE

1
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Determination of flow thraigh
a V notch

DISCHARGEPROMTRIAIIGULA* Y-IeoTal ~VJRS(METRIC UNITS)

Head Head
(H) Flow in cu m/d (H) 1-low in cu m/d
~n 90’ 60’ in 900 600

cm notch notch cm notch notch

2.5 11.9 6.92

3.2 20.8 12.0

3.3 33.0. 19.0

4.4 48.5 28.0

5.1 67.6 39.0

5.7 91.0 52.4

6.4 118 68.1

7.0 150 86.7

7.6 188 107

3.3 228 13!

8.9 274 :~
9.5 325 1~8

10.2 383 i

10.8 445 257

11.4 513 ~7

[2.1 589 340

12.7 670 3$~

13.3 758 436
14.0 850 490

14.6 948 545
15.2 1050 610

15.9 1170 676

16.5 1290 741

17.1 1,420 818

17.8 1,550 894

18.4 1,690 976

19.0 1,840 1,060

19.7 2,000 1,160

20.3 2,160 1,250

21.0 2,340 1.350

21.6 2,520 1,460

22.2 2,710 1,560

22.9 2,910 1,630

23.5 3,110 1,800

24.1 3,320 1,920

24.8 3,5)0 2,050

25.4 3,780 2,190

26.7 4,270 2,460

27.9 4,800 2,770
29.2 5,360 3,100

30.5 5,960 3,440

31.8 6,610 3,820

33.0 ~,7,290 4,210

34.3 8,010 4,620

35.6 8,770 5,060

36.8 9,570 5,530
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~pendix ~

Table for calculatlOn of discharge over

rectangular weir with standard end contraCtiOI~5

(METRIC UNiTS) DJSCHARGEOVER RECTANGULAR WEIR W1TH STANDARD END

CONTRACTIONS - CUBIC METERS PER DAY (cu m/d)

Head Length of weir (L)
(H) cm
cm 5.1 10.2 15.2 20.3 25.4 30.5 38.1 45.7 61.0 91.4 152

0.6 5.5 11 Ii 16 22 27 33 38 55

1.3 11 22 33 49 60 71 87 104 142

1.9 22 44 65 87 104 125 158 191 2)1

2.5 33 65 98 131 163 162 245 294 392 589 981

3.2 93 136 180 229 273 343 414 54 317 1,360

3.8 120 180 240 300 360 452 540 71) 1,070 1,S0~

4.4 153 229 300 376 452 567 676 905 1,350 2,260 ‘T

185 278 370 463 550 692 828 1,100 1,650 2.~50

5.7 332 441 550 659 828 997 1,320 !,9~c 3.i~2O

6.4 387 518 643 774 970 1,160 1,550 2.32C ~

7.0 447 594 741 394 1,120 1,330 1.’9G ~ -..~+70

7.6 507 676 3~5 1,020 1,270 1,530 2,0~-G 3.:6~ ~.10O
3.3 763 959 1,130 1,4~-0 1,720 2,290 3,~30 5.~0

856 1,070 1,230 i,6c: ~ 2,56~ 3,!~-: ~

9.5 948 1,190 1,420 1.780 2,1-0 2,850 4,2~0

10.2 1,040 1,300 1,~560 1,950 2,350 3,130 4,690 7,790

10.8 1,430 1,710 2,140 2,570 3,420 5,130 8,560

11.4 1,550 1,870 2,340 2,&10 3,740 5,610 9,323

12.1 1,690 2,040 2,530 3,050 4,080 6,100 10,100

12.7 1,820 2,200 2,730 3,300 4,390 6,590 11,000

13.3 2,360 2,940 3,540 4,720 7,090 11,800

14.0 2,530 3,160 3,790 5,060 7,580 12,600

14.6 2,700 3,380’4,060 5,410 8,070 13,500

15.2 2,880 3,600 4,310 5,720 8,610 14,400

15.9 3,820 4,590 6,100 9,160 15,300

16.5 4,050 4,870 6,490 9,760 [6,200

17.1 4,280 5,150 6,870 10,300 17,200
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The head over the

crest of a Parshall

Flume can be DIRECTION OF FLOW

rreasured 5y placing

a gauge stick in the

sewage at the float

in the flow channel

or at the pu’e leading

to the float well and

then taking a reading

of1 the free-f low

discharge char’t.

METRIC (JMTS

FREE FLOW DISCHARGE - PARSHAJ.L FLUME - CUBIC METERS/DAY

Head in
7.6 cm ~5.2 cm 22.9 cm 3~.5 ~-~‘

3.0 56 122 218
4.6 122 245 415
Ç,0 200 ‘390 637 ~56 1..~7’
‘.6 281 563 905 1,198 L~37
“2 376 759 1,200 1,566 2,3~0
0.6 469 954 1,520 1,960 2,91j

‘2.2 567 1,180 1,860 2,420
3.7 709 1,420 2,200

2,q10 4,310
15.2 829 1,690 2,600 3,400 5,040
16.8 981 1,960 3,010 3,960 5,350
18.2 1,100 2,250 3,420 4,500 6,680

• 19.8 1,270 2,550 3,890 5,090 7,~63
21.2 1,400 2,860 4,360 5,700 3,470
f2,9 1,600 3,210 4,350 6,310 9,1120
“4.4 1,720 3,550 5,330 6,980 10,400
~5.9 1,950 3,890 5,850 7,630 1~,400
Z7.5 2,060 4,260 6,380 ~,340 12.500
:~.9 2,290 4,650 6,940 9,050 13,600
30.5 2,440 5,040 7,510 9,730 [4,700
33.5 - 5,870 8,690 11,300 17,000
J6.5
~9.7

-

-

6,730
7%130

9,9~
11,200

12,900
14,600

19,400
22,000

Appendix 3

Calculation of discharge over Parsahi Flume

WELL

PLAN

ç GAUGE

WATERSURFAC

1 b --~~

LEVEL FLOOR

SECT tON








