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There are six operational Sugar lactones in Kenya uamsiy:- r\iuui±ciH 

sugar company ltd., Nzoia sugar company ltd., South Nyanza sugar company 

Mux 

• j iiciuciu ougai uompc i i i i Lu . j iliciou AiniLajQ ougai luuuoui itu. anu, 

Miws.ni Sugar Factory. These companies process sugarcane into sugar and. also 

inciTlcLgc: unci! xiuL-icuo pjxxn uciuiwiiS* r-in unc la^uui j.cc cli c iu^dtcu ilcax uciiuaiiciiu 

r ivers. Water abstracted for "use in the factories is allowed to f low back after 

Li cauiiicu u • i iic Iuciiiu.JLa.ocurj.iig pioocoiD ui o u.̂ a.1 lQiigid uo ul canc wa.c311j.115 anu 

cleaning } milling for extraction of the juice from the 

s udiK 1 CiariiiCduion, 

iiiLiauiuii* cvai/uiauuii anu LI j olaiiiQauOIi. 1 Dt IRuot iiigniiicaj.1L, lat LUI 

influencing operations and waste water characteristics are mud} dirt and trash A L1 . 1 11 P - 1 *» • • cuiluciiL Oi uiiS uanc ai 11 v ai ex.u biic laCtui Y • iviUSu Lnc DUXCL±' iavjuuntia 
t ry to adhere to pollution standards but due to numerous problems) pollution 

L. JL JT UJU u LIGIJ UJL J tJ V TRL 1 v y'cu.1 

A lNUbauic criviiunmciiLai uama^c allying 1 lum waouc! uibL-iiaigcc) u j L>II«C 

above factories have been reported along N van do .River where vi l lagers 

dj- T— 1 * A ^ i • . A. ̂  ̂  1 ^ ̂  ^; ̂  ̂  m 1 ownsuream nave compiaincu. Oi luc uiaLnai ĉ-a noni inc ±acuoricq. iucoc 

d-i 1. • . 1. •». 1 *- 1 ° loCnen"gco nave indue URTI 1 1 v ci wauci uiipaiauauiC) O U U U I D U L C U UU ivllimg VJI 

f ish and other l i fe forms in the river? he nee } a number of economic activities 

such fishing nave since been abandoned along the river* The impact of 

n ! • • |1 • r- 1 j> n • - . _ 1. _ . . . jJUiiu uiOn builcnuiIY ma^ milcG UY LUC xuiiuwnlg iautuia. 

T -N ~ _ , , _ ^ ^ OWLILCR U A A D J-JAOIII UJJPCX 1 C: I ~ I L 1J • - - ̂  • - - - — • • — giOua I1C4U1; 

uiaunaigcu w AOICO I I U I U cue SYS LCIIIJ UNCI c u j UUIIL-CIILI aulug YUIIUTAILBIS 111 

r iv e r Nyan d o • 
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[nj The major portion of Nyanza's rural population is located along the 

polluted segment since the upper zones are settlement schemes dedicated 

mainly for sugarcane. Most people live in the lower sections close to the 

r iver where surface water pollution is greatest. 

Similar pollution problems have been reported in Nzoia and Migori r ivers which 

receive discharges from Nzoia and Sony Sugar factories respectively and 

Mumias factory which discharges final eff luent into the river. 

1.2 Policy Concerns in Kenya 

Achieving a universal provision of safe water and sanitation services is 

among the most important goals of development". Pollution of any vital 

uomesoic wauer source is unereiore a uOp poncy issue in any country, c ouii ted 

wafers nicdtis wor scnsu UGS.1 uu conu.iuions an d spreading Oi wauer uorne 

a - 3 T -

diseases « in this conicXui water pollution uscomcs psrt ana pctrcej. of the 

health policy in any country. In the case of poll 

uuion along r iver Ny ancio the 

most- immediate policy concerns uxiat arise relate to questions such as to what 

extent are the rural communities living along the polluted segment of the river 

worse oif as compared to their upstream counterparts'?T Are the costs of 

pollution to these communities smaller or larger than those costs that could, be 

borne by the factories in underoaKnig alternative and more eff icient waste 
J Indeed uue j^roporaon Gx. lug population ssrvsu uy e wa^er is itseu 

an index oi eiivironmenua± Quality and development* 
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management measures? As pollution controls become an increasingly important 

part of the government's resource management activity in Kenya, the question 

of the ultimate incidence of r iver pollution and abatement, costs now assumes a 

larger part of national concern. Under these circumstances) a framework is 

urgently needed where the burden of pollution and controls of the pollution 

can be shifted onto the consumers of sugar. 

The other policy concern is on the links between environmental 

degradation and an accentuation of deprivation and hardship which take forms 

that impinge on household members differentially. Fetching of water for 

domestic use in most rural communities fall upon women and children 

(Dasgupta 1S93, pp.294). Hence when allied to other household chores and their 

farming obligations) the workload of women in terms of time increases 
i 

^rasticahy In view of these empirical observations) the ef fect of water 

pollution along Nyando might have increased women's work—load in a way that 

calls for urgent, policy intervention. As this has not happened as yet) several 

important benefits to the affected community have already been foregone. 

Estimates indicate that in many developing countries where water is 
supplied through a public stand post, daily usage ranges between 20 - 70 
litres per capita. In areas where women walk long distances to draw water, 
usages are Close to the biological minimum of 2-5 liters per person daily. 
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j.n proceeding with, this study, the broad objective will aim to answer 

the following question: What e f fec t does the current control strategy have on 

ambient concentrations of pollutants on r iver Nyando and what is the impact 

of these pollutants on the vil lages downstream? The specific objectives of this 

study Vv ill 

Evaluating the extent to which r iver Nyando benefits the communities 

around it. 

/ -i i > j-/ 

/ O \ vw 

wy 

Investigate the existing and j^ast social norms of behaviour regarding 

water use. 

l'icaouic Unc ic iauvc U U I I L I I U L I L I U U OI unc quailuv ui vSTa-uei i.e. puuUbcu 

and "unpolluted ' to the welfare of the communities upstream and 

downstream i.e. by showing the extent of costs of pollution ' 

downstream villages. 

Un u.er"fcci.rY6 an empirical analysis and vali da Lil. of the in± ormation 

l u i i c L i c Q uO cxiiu w jucnuiluauuu ux pax alllcuci5 ia l clx tr cisiacnuiai uu a. 

v anu ucSigii S11Sl-CL!ilciuic nuuaciiuiu a A'aLCi ma.ilcL§ c: m c 11: 

onxHcou ruii^ y inuci v ciiwuii iLcaou.i_ ca In bile aiicuLcu vinagcia. 

I 1 Tr < * /» * 
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especially those m the low — potential areas where r ivers are only seasonal. It 

• • — r\ i i "i ' - r» CDumaLcu uiicxi. IC&ii) "Liicui -J U JJCI Lent KJ I LUG pcupic licivc: >=»CLIC: 

water points. Tne level of coverage g'oes down as low as per cent. Further3 

during the dry seasons 5 seasonal water sources often dry up ̂  making 

/» r "I • . r* • • •» i ArtA 1 » - • 
UI&UCIIILGD UU vvatcT iung CXIIUI LJI I,C:II CAL-PCUIUG U Kiiuiucli ca. In i^uuj LUC L^dbiOIlai 
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health survey which, assessed access to water resources 13y women in various 

parts of the country. A summary of the f indings of the survey is provided 

below. The table demonstrates the importance of r ivers as source of water in 

Kenya. About 37 percent of Kenyans obtain their water directly from r ivers. 

Another 31 percent who use piped water obtain it indirectly from rivers. In 

total) about 68 percent of Kenyans obtain their water from r ivers either 

directly or indirectly. Inspite of this great importance of r ivers as a domestic 

water source especially f o r rural dwellerSj numerous industries discharge their 

waste in most of the major r ivers almost on a continuous basis. 

T>„V.1„ 1 1 lauic i. I 

x lie rci^cjjiuige uji nuuicu Wion a ^ c o o uO 
Var ious Water Sources in. ICenyaj 1383• 

L u c a l i u n / P i p e d 
1 
1 W e l l s ana Lakes ana R i v e r s 0 Inert* TOTAL 

P r o v i n c e Wa Ler J S / K o l e s Puiiub ( X ) 

Uru&n 30 o 4 . 4 i - > 3. 
„ 
U 0. R 6 100 

| 

R u r a l I S 2 i o •4 
. „ 

3 43 9 1U 2 iuO j 

N a i l o b i 95 o 
1 

1 0 . 
„ 0 1. 7 0. 1 

i 
xuu 

C e n t r a l 3 , 9 xo 9 2 . 7 3o o 6 - 100 

Cuas L 1 xO 1 15 » i 15 7 1. 2 100 
„ 
c.as Lt;rii » 4 26 .4 3 7 38 0 7 . 5 100 

Nyanza xo 8 | xo D » . 5 27 1 25 . 4 100 
1 
1 
1 

Rxx L Vaxxey i.H 3 
1 

• 2 
4 51 o, 7 1 

xuO j 

1 
! wes l e r n 22 5 

1 
10 

j 
7 » .7 52 .0 5 100 j 

1 TOTAL 30 7 I S . u 
„ 

3 36 3 „ o 6 1 
I 

Source: Republic of Kenya., 7Xenya Demographic and 
IIEcxiUJ.I O U I VCJ' xtcpOi U I O U J « 
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in the later part of the paper. In the best of all possible, this study will also 

provide policy makers with a basis on which to compel producers and 

consumers of sugar to faoe prices and costs which reflect the true cost of 

Nyando r iver resources. 

2.2 Description of the Study Area 

r J 

Tne stuay area is found m Kisumu District which lies in a depression 

that is part of a large lowland. It surrounds the Nyanza Gulf, a protruding 

part of Lake Victoria at the head of which is Kisumu Town. The Nyando r iver, 

the basin of which is extended to about 3450 Km" has an annual run-off of 

about 510 million M1', The existing condition of the water quality of the Nyando 

r iver is much serious compared with other r ivers in Nyanza province . The 

suspended solid [SSj concentration is very high - nearly 10 times of that of 

the other r ivers such as Sondu river. Besides, heavy water pollution caused 

by biodegradable substances can be seen along the lower reach ox the r iver 

due mainly to drainage from the agro~processing factories which are located 

along the middle reach of the river, i n e density of the popuiaaon amouritcu ,uo 
ocn i j/ci ounc. peri uai tvui D,v xcuu. u v cl ou pc:! v̂ eriL. ui oilc a^li v e jjupaiauun 

u; Lilc iVctnw yLcnTL aic auiauuuiucj. is. i.^\j piuuuCuOn AO gcaicu uuvVaiUb LUC 

suusisusncc wion maize a nd sorghiUii as the main fo oQ cropSj in some cases 
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sou rem g and values attache d to difxer ent water sources j parcels of land, and 

the need for compensatory measures. Draft (questionnaire for this activity has 

been annexed at the end of this paper. Data on pollution levels will be 

obtained from Kenya Marine Fisheries Research Institute (they collect and 

analyse tlie discharges from river Nyando regularly)* 

A f! rFTTT:,/17?'Vr A A7"P /̂/O \T/~< Tp nm TT A T rccrrnc MRRRP r»/n4r"n ITT r?<or r RRMT/^\R MR\ A 
JLJIJZI^XIX AIYIY OIIJR J. \J RXIU I U J U ^ U .HIJSJ XRURJ-I^J JL KSJ- JR KJUXJ W ± ±U±\ ± KS A 

Rivers are part of natural resources whose services are not traded in 

an open market. Consequently } their economic vaiue or the cost of "their 

ucoti uLLiuii iiluoo uc l i i ic i icu. in ti,xc oaac ui i i vc i iv,yaiiuOj uicic cw. ̂  oWO 

classes or benefits which are in danger of being eroded through industrial 

pollution: on-site benefits that accrue to those using ~che river? and oif~site or 

external benefits* The primary oh -site benefits are the water provision for 

various uses and the recreational opportunities. Off— site or external beneiits — 

those accruing to people outside tne r iver area may be interred through 

which can reduce air pollution and modify microclimates. The 

provide habitat for wildlife j serve monumental iii1 emonal functions j aod 

visual diversity? and is indeed a landmark. The benefits accruing TO this local 

common—property resource extends well beyond the above stipulation. Common 

property resources provide the rural poor with partial protection from 

unusual economic stress (Dasgupta, P. 1993} i.e. m tnis case fisheries etc. For 

landless people they m ay be the only non-human asset at their disposal. I t is 

therefore not difficult to see why common—property resources matter greatly 

to the poorest; o± ciie rura± poor m a society. 
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Tilers are inherent difficulties of measuring environmental damage 

resulting froin waste discharges ] hence environmental authorities have to 

direct attention to war u a poiic y Ox a ttain mg satisfactory1 environmental 

quality levels (Malorj K»G» 1932)» This policy focus is oaseo on implicit premise 

that waste discharges can be accurately controlled by the polluting indus trie s3 

authority's monitoring problem* In this case? it is much easier to estimate the 

cost of achieving these targets than to estimate the loss from not achieving 

Tjfiem. 
n 

Realisticallyj the industrial ' dischargers are faced wi th a stoci.iast.ic 

ponution coniiG! prouicm dus to Liicii.' mati l ity <_.o control with any great 

degree Ox accuracy the quantity and quality of wastes associated with any 

specitic levels of their production activities. Stochastic events include 

equipment malfunction; variations in input quality, and process upsets. As a 

result, firms do not have complete control over their emissions. In line with 

the remarks by Forster A. I3ruce (±388) sufficient condition for success of 

economic instruments depends upon the specification of the production and 

pollution discharging technology. In the case of Nyando r iver monitoring of 

individual polluting actions is difficult since the dischargers are dispersed 

and pollution there is non—point, while the damage cannot generally be 

inierred from observed ambient pollution because (i) ambient pollutant levels 

have a random distribution that is contingent on the level of abatement 

undertaken and/ or (ii) the actions of several polluters contribute to the 

Emphasis on Stochastic" is necessary to create a distinction from the 
images invoked by Hardin G. (1968) "the tragedy of the commons". 
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5.2.1 VaiidfitlGxi of COutlu £f£Ht Va.lUS.t7Cn EstlTUatSS 

A frequent ly used theoretical validation technique involves modelling the 

dependent variable using a method such as ordinary least squares (OLS) 

regression. In this way, a priori expectations about the resulting equation, for 

instance which dependent variables should be significant and what direction 

their coeff icients should be in, can be tested. The VvTTP of a household for 

r iver water is modelled as a function of those variables that might be assumed 

uiiiucn^c oUlu uciiiaLiiu. I ilc general TiiOClel IS. 

T.TRN-N — TTi/TRLJ RN O \ »* 1 r - i ' u , 1 • o ;:) 
lJ U L-J 

wne re 

V.-frrnrp _ VV X JT X • — 1 L.X1 • — respondent's willingness to pay lo r water at location j; 

i _ • j -

i — laouuic iLii respon^enc; 

Tj — vector of preferences or tastes of ith respondent; 

-J ; — vector ox relevant socio~economic characteristics of ith r 
CO MULLUCII it. 

J sing tli =5 marginal e f fecc apprcaciij the values attached, to water 

downstream can be com pared LIIGDC; Ox L u c u p & LI CRCLJ.IL IAJ OTRC; uuC C I I C ^ L U I 

pollution. The h^ pothesis to be tested with i*egard to "V7TP is the emoedding 

~ ti — ̂  /1 nno i T-t-C I I C ^ I A ITI JLICIX x. I O U U yxaoc,) • J. J. llO CiiCUl j long discussed m the CVM liter atui 

liOul Cilc w j. r JLVJJL" 3. uiOiS HlCiuSiVe 200u» i f ic la^uci guOu III ay uc uiuic 

inclusive with respect to geographic coverage j time j or any otner attribute* 

I he essence of this is also zo detect alleged arbitrariness IITCO the entire 

vdiuadun iii unics oLuuy unS icpOi tcu w 1 r JLWJ. iivci," Wd^d u.j-'oUJL ̂ cljix 

(unpolluted) sJiiouiu. UC si g nil lcantiy d i f ferent from the re "Porte q WTP f o r r i ver 
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water uo wn suream (polluted)* 

5.3 DG±OXIS2V& GI~ Averting JjJzp&jo^GitiiT&s Iby chs Afx&ct&d ViUcH^os 

For almost every kind of environmental unpleasantness we face* there 

are averting expenditures we can make to reduce) and sometimes completely 

remove the damage. Economists have long been aware that averting behaviour 

is both possible and practice dj and they have often suggested that 

expenditures on such behaviours can De used as a measure of the costs 

• J f' —— -P ">*| j. * 8 imposeu on society uy various xorms Oi pollution • 

Recent studies analyse the benefits or environmental improvements wnen 

households make defensive expenditures to alleviate pollution erfect-s. If the 

iiU u. sehol d can take defensive measures again s^ pollution3 it can choose the 

quail uy OI its persona.", environment u y cnocsm§ a isvsi O.L G e± ensive 

expenditures. Evidence of dGfciisivc or av<3 r t m g cSp6TiGiturc3 such as use of 

wa^er pu 

ri f iers, movijig away irom pOuiVibioii sourcsj insuaixauon oi new wa^er 

points, boiling of water etc can be sought and their costs estimated. A 

comparison oi levels of defensive or averting expenditures can be used as a 

measure of cost of pollution. 

The divergence between averting expenditure r . . :. - ~ 
oo1 tunon • ' . ie ract that some consequences of pollution cannot be 
inverted due to limits of technology and income. 
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5.3.1 Validation 

It is postulated that the averting expenditure would be a function of: 
+ + + + -r + 

AX = FUIIIY, AW, EBU, PI, ALT, WQUANT, WTP, ) 

where 

AX = Averting Expenses 

IIIIi — Household Income 

AW = Awareness regarding the state of pollution 

EBU = Level of formal education 

PI = Intensity of Pollution 

ALT = Existence of alternative water sources 

WQUANT = Quantity of water used by the household 

WTP = Willingness to Pay for improvement of water services 

However, as suggested by Bartik J. Timothy 1988. the defensive 

expenditure model relies on important assumptions that may prove questionable 

in some of these applications. These assumptions are: 

(a) Befensive expenditures are perfect substitutes for pollution reduction 

and have no value other than alleviating pollution. 

(b) There are no significant adjustment costs associated with reducing the 

level of investment in defensive measures. 



5.3.2 Defensive or Averting Expenditures and Willingness to Pay 

Courant N. P. and Porter C. R. 1931 have considered the relationship 

between the willingness to pay for environmental quality and averting 

expenditures - that is, the costs of measures undertaken in e f forts to 

counteract the consequences of pollution. The major results are: (a) Averting 

expenditures are not in general a good measure of "willingness to pay; (b) 

averting expenditures are not always even a lower bound on willingness to 

pay; (c) even when averting expenditures are a lower bound, the difference 

between the level of such expenditures and willingness to pay cannot be 

attributed to the unavertable aesthetic' consequences of pollution. 

o .--t using 1 rave.i Time an d Household "Titu e-Bu dget ' to Value Water 

An important indicator of reduced productivity of the r iver resources a 

la Joctha N.S. (1992) is when local people must spend greater time and longer 

distances to collect water from alternative sources or use a lesser quantity of 

water today compared to tne past. The travel time method estimates the value 

ho u.senolds uictCc on r iver water* based on urav el hab IbO to fe î Cii water, n 

measures uiie u.enianu. function for uravei ô uraw wa^er Wnicn implies tnat 

travel are function of price and perhaps other variables that might shift the 

demand function such as income, age, household size, distance, etc. In the 

case of r iver Nyando, the travel time of r iver pollution might be explained by 

shifts to new water points (hence imposing new travel costs) net the travel 

time and cost of fetching water from the r iver. This entails measuring the 

resulting change in time. The value of water in this case would equal to the 

total time taken times the opportunity cost of labour i.e. wage rate for 

unskilled labour. Users close to new water sites would also be expected to 
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make more use of waiter, because its implicit price, as measured by travel time, 

is lower than for the more distant users. Thus the ultimate results in this 

approach enables construction of a demand curve based on (a) costs of 

getting to the site, and (b) foregone earnings or opportunity costs of time 

spent (and an associated consumer's surplus). 

Based on a framework developed by Whittington Bale, Mu Xinming and 

Roche Robert 1S9G, a village typically chooses from among a limited number of 

water sources. Because dif ferent water system improvements result in di f ferent 

time savings, the choice of water service level involves a trade-off between 

increased costs and the benefits from reduced time spent hauling water by 

members of the community. For example, yard taps or house connections 

reduce the time spent collec tirxfi wdLi>ei* liac? most, uiiu tuey sirs stiso ^iie most 

expensive s e w ice ootion. liar iupumps dind public fountains are of ten c^eap in 

terms of capital and operating and maintenance costs, but water must be 

carried from the source to the home. More handpumps or public foundations in 

a village can reduce the average travel time from houses to sources, but this 

aiso increases total capital costs. 

The choice of which technology is most appropriate for a given 

community may thus be heavily influenced by the perceived magnitude of 

pollution of one source i.e. the r iver ano the "'-"aiue of time which households 

assign to the time savings for di f ferent sources. Since each source is 

dif ferent in terms of price, collection time, and taste, the utility that a 

household derives from using one source will be dif ferent from the utility 

derived from using the others. The indirect utility function is defined using: 

price of water, P; collection time per litre - travel time for the household to 

the source and return, and fill time at the source, COL; and taste, T. 
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Based on random utility framework* Whittmgton et al 1330 postulated the 

utility function for households h cnoosmg water source r, 
TT.'t. _ T7 rnT>,TT71 p A O fT nAC'TTTI T>L7/~<K/f T.TOTV*T?M T?HTT \ lj 111 — V lll\ X ll'Aji, OrtkJil, il̂ OiJiH, vv OiVLliji-l , lijL/UV- 1 I 

where 

TIMAL' = total time spent collecting water per oay, including travel 

time. Queue time* and fi l l time (minutes per day). 

CASII = total amount of money paid for collecting water per day, i.e., 

the cash price times the amount of water consumed per day 

TASTE= household's perception of the taste of water from open wells 

— equal to one if the taste is poor, zero otherwise 

juiL/ui'i- totaj. annual household income (in thousand of Kenya 

shillings) 

number of adult females in the household 

number ot years of formal education of family members 

and used discrete choice model to derive an estimate of the value of time 

spent hauling water. They conclude that if the value of time is defined as the 

marginal rate of substitution between the time spent collecting water and the 

money paid for the water, it can be calculated from two of the estimated 

parameters ot the conditional multinomial model. 

The importance of the above exposition lies m what has al?i"eadv been 

WOMEN= 

EDUCT= 

alluded to wner e as suggested by Bartik J. Timothy 1988 in the defensive 

expenditure model which relies on several important assumptions. In the case 

of travel cost the assumptions that may prove questionable are that; 

(a) The choice of alternative water point downstream is strictly because of 

the need to avoid polluted r iver water. 

(b) All the travel adjustment costs are associated with shifts awav from 



which goods and services are defined by the attributes embodied in them, and 

the values of these goods and services are the sum of the values of the 

attributes which they contain. The theory of hedonic prices applies to 

agricultural commodities as well as to manufactured goods. Implicit price for 

each of the characteristic of a goods quality can be calculated with reference 

to changes in price due to changes of the characteristics. When goods or 

services contain an environmental characteristic the same logic follows — the 

market value of the environmental characteristic is "embedded" in the market 

price of the good or service which contains the characteristic. The hedonic 

methods include two valuation techniques: property—value approach, and wage-

differentiated approach. 

To determine the e f fec t r iver to pollution to land values, Iledonic price 

models can be estimated to determine the relationships between land values 

etc with proximity to r iver, household size, age of household he ciu.5 income, 

uenure sriangcincn'ts3 e'L.c. The property Veil tie u.ITa eren uis.i s approach k/j.o neereu. 

by Rosen S. ( ly/4) provide a measure of uenen^s or coscs that can be 

cLL^iibuted to certain variables. Tt is generally recognised (Frankelj M» 1S8o) 

d i f fer ences in amenity levels across space give rise to di f ferences m property 

values, and that the latter uinerences provide a oasis ior estimauins ^ne 

implicit worth of the amenity. The vehicle for analysis in this case is a closed-

r iver basin with spa' distrib of amenity levels. Questions addressed in 

this regard include the following: Does amenity level change with the segments 





a vector oi vaxia.foj.es describing tne socio-economic characteristics 

ox the district containing the fth property 

the V C cii- in which t,j ic iLxi y roper ty was sold 

The hedonic theory gives no guidance on the proper functional form of the 

relationship among characteristics, but it is often presumed to be linear for 

simplicity. The general approach is to regress housing or land prices on a 

group of explanatory variables, such as house s.ge, and a number of location 

variables, including one or more "environmental variables" such as water and 

air qualit y, or proximity to an environmen tal amenity, J. L. IS ani.ici~pa^eu. th 

proximity to r i ver Nyando will exert negative influence on the price of land. 

This can be captured by estimating the demand for land plcng the r iver and 

comparing the gradients of price change upstream and downstream. The price 

gradient should be lower downsti'eam and greater upstream. However, practical 

problems may preclude the use of the above method especially in the context 

of r i ver N van do where eSL.Iniacing c> wo Uid be problematic. A more serious 

problem involves speci fy ing the current list of variables to explain variation 

in land p Lice U I IC to the ' noise enect oi ot her V Cti iables. 

riuQubtiviLy aiiu jL/U£S Oi JJIU-UI VCI £3iLtv 

A drastic decline in the number of products or species in the r i ver 

following the disappearance of a number of species i.e, f isheries which the 

vi l lagers used to gather from tne r iver in the paso may aiso us a major 

indicator of environmental degradation of the r iver . 



5.6 The Effects on Health and Health Expenditures 

Dasgupta P. (1993) has discussed an analytical framework in which a 

person's health can be considered as an output. In this framework, the 

commodities and services and the background environment that go to 

determine a person's health are seen as inputs. It we think of safe water as a 

critical input to health especially with distinction to water borne diseases, 

then- di f ferences in incidence and episodes (and resulting health expenditures) 

of waterborne diseases downstream and upstream are good estimators of the 

impact imposed by current water sources. The costs of these are much higher 

when a person struck by such diseases is constrained in his ability to engage 

in productive or remunerative work. Tnere is substantial literature on the 

association between poor water, inadequate sanitation, and ill-health. However, 

there is still much controversy about the aetiology and method oi transmission 

of these diseases is poorly understood, and some controversy about the 

relauv e importance ox the u. ii ± eren L. lac uor s which are s^a^i stically an u 

ob servationally assoc lated with ill-healuh in actually causing various diseases 

and infections* In view of this empirical positions, the incide nee or episodes OJ. 

disease will be used as an indicator of environmental quality rather than 

incidence of water-borne and water-washed diseases (Anderson D. and 

Cavendish W. 1992). 

/innnnTrr*jT/RR7?c rrr\TI R^RYR RR*-\r T\TTJPNJRT^APT*7V-»IITO • " I - L / J L I JL- l^ll t\JJLJX>^ 1 J.J1 1 lLll V JTILY x 

The government, relies on regulations such as licences' or standards to 





I oi L'I6 O.JLI Jndu s"tricil Envix onmental Stm idard in Kenya 

. cun*r oci Ma.xj.niuB ?oiiuLi«JM Limit 

1 1 
I 1 BOD i5 days N'j I L'J exceed 20 ing /1 

Suspended Solj.ua Noi.. lo exoeeu 30 rng/1 
1 PK 5.0 3 . 0 
1 Heruury NoL Lo exceed 0.05 ma/I 

„ Toxic CUJU heavy me Lais No I lo exceed 0.X my/1 
Fhenuls Kul to exceed 2 Bljj/1 

FV (4 Hi-a) Not Lo exceed 25 aî /1 
_ 
i entperci t,ure 

• To till Coloforms 
ICO 

f C L. 

3/1GG mla 

; 
i 
I i I II Oil arid Grease I Trace 

ii n I 
II 
• — 

Source: Ministry of Water, Records. 

The above mentioned standards have been varied by the Ministry of Water 

Pollution Control Department depending on the degree of dilution of fered b 

the receiving stream and the water use downstream from the discharge point 

The above standards compare favourably witn international standards 

guidelines given in the table below. 
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Agro Chemical and Food Company (ACFC* 

Ethanol, an organic chemical, is commonly used as an industrial solvent, in 

medicine, and in the manufacture of alcoholic beverages. It can be used as 

fuel but is costlier than hydrocarbon fuels. Sthanol (ethyl alcohol) can be 

produced by fermentation from three main types of bicmass raw stocks but 

the main one used by Agro-Chemical and Food Company in the Nyando basin is 

uhe su gar bearing mater is Is such as s \i SJ ar c an e an ci molasses» Ethanol 

production produces a number oi waste products having an impact on the 

environment. No exuremelv toxic was^e streams are associated with the b 

conversion though occasionally some heavy metals may be found. The most 

commonly used, me tho wj resulting in minim um ethane! loss* is to withdraw •it 

irom 01 ie botiAJui oj : the still during or a±^er GiSoij.1aL.10n iinus tuc uerm 

s ta l l a g eT ins waste csn have a biochemical, oxygen cemand (DOÎ  ) as hi^h as 

40,000mg/ liter and 

contain ahoux 10 percent or solid material. All th croc 

pOSSl u ilities may render a general inciu strial jyollu tion standard inapplicable. 

There may be a need for industry specific to address water pollution problems 

in Kenya. 

C O , "Tl-̂ n . . t : X I „ J T. r — : _ „ 7 "1 i ̂  : rOuuiiXuix nauagciuciit anu "kolci riOucCuuij 

6.2.-1 Indigenous Management Practices 

Unlike global commons, the problems of managing local commons is often 

not the village users, but other agencies (Dasgupta P. 1SS3 pp.220) in many 

developing countries. Traditionally local commons such as village ponds and 

tanks, pastures, water-shed drainage and riverbeds, and sources of fuelwood 



water. 

jucgioiauvc ri<jyiDiOIiC5 I U I N auct JJI U W U I I 

The Law has the potential to provide the structural framework and controls 

necessary for rational, informed and wise decision-making as it relates to the 

use and management of natural resources* Thus, sound, environmental law 

could provide incentives for < I ) the rational use and protection of natural 

resources* / the prevention of environmental damage! and (3; the promotion 

of environmentally-sound policy and planning for development. 

On Water protection) Seccion 3 ox tne "Water Ace vests tiie ownership of 

c v c i ) uuu. ̂  •UL WSLCI in Liic v ci i.uutriio. vvai^i ics. ueiiJlcu clo STLncrj. uciii^ 

suriace water i.e», rivers, lakes, ponos, swamps, and marshes or ground vv rx ter 

in tixe iorm o± a spring, stream, lake or swamp in or oeneath a water course. 

The Vv a t e r Act man if e s u s 1 it 11 e co n c e r n for wat e r o u all t y. 11 m ak e s knowing or 
T 

negligent water pollution an Oiience \section 158} uiit IL>S main thrust, is nou 

Y I c v ciioing OI" I CUJ trcsisiuH 1-J.J.e punu uiGli VJI wcilci' \ .UI aguuH; O.JIT, I C C I I . iDi. x.itv 
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water whether on the surface or underground, which belongs to him or which 

fox" the time being he is authorised to take." Tnis section is reactive and fails 

to assert that the body of water under question shall not be exposed to any 

uoc .111\'j:i v to deg j"ciu.Q o GCL-IO ll 158(1) soaues tnac II. I S an Ox fe i IOC to uauoc a 

source of water supply for human consumption or domestic use to become 

poij.ui.eu. j-iiKe section j . j onis section is reactive, n. esta uiisnes criminal 

liability th at comes inLO play after the offence has been committed. (BragGon* 

q TT 1 0OO. 7C \ 

kJ . ii. j J. oc c** t u / * 

According to iuragdGnj the major gsps in legislative coverage relate to {1) 

Citizen Rights: Existing sta tutes that rebate to environ men ua± makers u.o no u 

confer any rights or remedies on private citizens whose rights or interests 

are injured by acts or failure to act. (2) Environmental Quality Standards! Key 

areas } sucii as ambient air pcnuuion3 iiave no explicit, environmental c^uaiioy 

standards. (3) Environmental Impact Assessmenti No agency has legal au thority 
/ to carry out and apply environmental impact assessment. 

6.2.3 Economic Instruments for Pollution Control 

The traditional approach to environmental management ^use 

specifies the technologies that firms must use in reducing pollutioi 



?C TT^C' /T.TTJ CI T; 

IJ-l^J/ 11 t Ulu 

leads to dirtier air than "would have otherwise resulted by substantially 

raising the cost of constructing new plants. The key to avoiding such 

perverse results is to devise incentive systems that will limit overall levels of 

pollution while fostering technological innovation to reduce abatement costs. 

Kenya's Seventh National Development Plan for 1394-1996 notes that 

health and environmental damage costs have so far been largely transferred to 

others, especially to the Government and later generations, under the economic 

principles, polluters will increasingly be confronted with the full costs of their 

activities under "polluter—pays'' approach. The other range of options to be 

considered curing the plan period 1994—96 include effluent or emission cnarges 

on water effluent; toxic releases: solid waste disposal: reduction of tax benefits 

and subsidies promoting unsustainable development such as below—cost use on 

sale of energy, minerals, ground water or forest resources; and the 

introduction of new tax Benefits to support sustainable development, sucn as, 

accelerated depreciation allowances and tax write—off for pollution abatement 

equipment and environmentally sound technologies among others1" . 

a. ne search tor cost-ef fective and implimentabie measures for pollution, 

control has been expanding. The eariy work by OECD in developing the 

principle that the pohuter pays * has evolved into an active literature 

examining the tradeoffs between t±i6 use of command™and-control [_CACj and 

tne marlYSt-- based incentive (_M131 j systems* It is increasingly realised that most 

* f - - J- - - • • • • _ , _ _ _ „ a. _ i n . _ . .. T T 
uiiuci oiixa pill asc j x L. x » 11O0 o xca i w net u uiic pui x u L. c J. w i n 

be pay ing t o r i . e . whietlier the p o l l u t e r w i l l pay compensdt ion t o 
U U U S C A I iSu T C U J I U I UX auat-cfilcni. Ox J. OX O U N U I A V C U I U T ; 

e m i s s i o n s t andards e t c * 
N,cpuu_L x C ux tver n j a . i ire oc v cu u x 1 ^ a t i u n a i . i/cvciuwuciit r _L an 

f o r 1994 - 96. Government P r i n t e r . 
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countries need a combination of both approaches and that each will be most 

effective in certain situations. Tietenberg's work on tradeabie permits and 

their use is an interesting example of the search for cost effective means of 

pollution control. With increasing Interest in privatization and the increased 

use of markets, it is very important to understand which approach is most 

effective in each situation"1. 

In contrast to the traditional regulatory approach, which makes 

mandatory particular forms of behaviour or specific technological choices, the 

economic incentive approach allows more flexibility in how the environmental 

goal is reached. By changing the incentives an individual agent faces a 

decision scope where, the private choice can be made to coincide with the best 

social choice. Rather than relying on the regulatory authority to identify the 

best course of action, the individual agent/industry can use his or her 

typically superior information to select the best means of meeting an assigned 

emission reduction responsibility. This flexibility achieves environmental goals 

at lower cost, which, in turn, makes the goals easier to achieve and easier to 

establish". 

Dixon A. John 1993. Economists ' Cont r ibut ion to 
Environmental P o l i c y and A n a l y s i s . Environment Department. The 
World Dank. 

15 
Tie tenberg , T.II. 1990. Economic Instruments f o r 

Environmental Regu la t ion . 
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I / 771—.„ J -
£ . T J IUJ-S JH.J Y CU I I I * •••«•#••••*•*•» 

/„, j Works m family farm 

[»>JNever works 

Appr oxi h < a lci v how ng" have you i;v e u. l vc u i" Pi's s s/3 u no we or c u rren o 

iocs ti on ? • • • • • years * 
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A L L , 

IT or the other members* how many o f these ai cr-

1 GLin^f females nuuii j- cjiictj.crii> 1 J: T H C I J E S 
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From (indicate source). 

PART II: SOCIO - ECONOMIC DATA 

B2.1 Land: 

1. Size of land holdings hectares or acres 
2. Area under cash crops hectares or acres 

3. Area under food crops hectai'es or acres 

B2.2 Do you have a title deed for you r piece of land? / J Yes /..JNo 

B2.3 List the agricultural crops on your farm and their acreage: 

[..J Sugar cane/acreage 

[..J Maize/acreage 

[..j Beans/acreage 

B2.4 [a] Do you use hired labour in your farm? L..J Yes [..] No For which 

activities do you use family or hired labour? 

Family Hired 

[aJ Floughing 

LbJ Weeding. 

[cj Harvesting. 

IdJ Grazing 

[ej Planting 

B2.5 Approximately how much do you earn from agriculture annually? 

Kshs 

B2.6 Number of livestock owned by household: 

Iaj Cattle .... 

IbJ Goats 

IcJ Sheep 

idj Chickens .. 

[ej Others (specify) 

B2.7 Livestock keeping [Dairy animalsJ based on: 

i JOpen grazing 



l JZero grazing 

[ JNot applicable 

B2.8 Does the household own the following gadgets: 

[ J Radio 

I J TV 

I J Bicycle 

1 S Motor cycle 

I j Vehicle 

B2.9 What type of housing does the household have? 

[ J grass thatched 

i J Iron roofed with mud walls 

I J Iron roofed with block walls 

PART III: HOUSEHOLD TIME BUDGET 

On a day-to-day basis (particularly on a normal working day), how 

much time does the household spend on :he toiiowsng activities? 

!! i 1' 
Activity j Time ;jpeiit t.u»ily or weekly istate) jj 

1! 
a 
il 

jj P L 1 * , readmits water 

l| Fetching firewood 

|| Working uu the Farm ftsliamba) 

II 

| VOXKJ.IIg elsewhere to earn a living 

j Cooking 

| Obtaining food from the market 

11 „ . 

Household 
Head 

Spouse Children || 
II 
l 

| 





Dc yOU c?VtBr purchase xvater Y es[ ] No[ 

JLJ. ,)'cr-s C3L.&u<z L-iic ict/ QfCiajitii/ • I 

JJMUX 1 / JSame J CT ^ 

W3»S Does the family buy mere water today than several years ago'? 

[ J I j i v O" 

W3.10 yo ti Glycol?/! l-6̂2* any so arc icy oi water nn g cne year. 

I / J Nc 

woe -to oua^ uic 

II 
11 

II 

Distance in !>E, UOOKIUG BL I U M L L I 

1 
1 

Gleaaiag Livestock 
I 

Garden/ 
Irrigation 

River i 
I 

I I . . . T , . I -
I'UL C UU1C 

I 
I 
I 
I 

Roof catchaent 
I 

1 
I I 

I I 
POHU/ NGLI/ jprmg 

I 
I 

1 
I 
; 

riCGu Sater 
I 
I 
I 
I 

i 

licaiuj Private Robc 
i 
i 
! 

Other(specify] 
1 
1 
1 

Other (.specify) 
v3. .l3 What is the usual mode of transjporting water in your househo±d ? 

[t*] Bicycle [**] Qver—uead 

[*• j Donkeys f**j Vehicle or motorcycle 

t t rr s-i — ^ r.ris„« 
L**J iidjiuoai LP LJJL tv uctciu u.11 u 

i»»J L'UICI (OL-alyC/t 
T.rO T -VV V> • 1 

7.7 \> < ~ v\ O. JL 0 

L/icr Ivct Lc:!̂  SGLr i'Cc3 JOu 
/ ttiviWrnrfv / / *t »*»>*» / «#_/ proxin 

OJL.CTJS. COO/ 

/ , . J •>te [*•] diversity of use (h&Lmiig 

At what time of the day is the fetching of drinking water preferred? 

time wny 

_ — * - > ' _ w • - - c . . -wviidL LJIUJcS GJ. CJIC '-icij- cinu. IUKJH UIIC=> C/J. L/JC Jr&ciL io L.JJC: yuajioj' 

supply good? .day year. 

the day and month ot year is the Q*ua±ity oi 



[..j Hired labour 





v: TT- WILLINGNESS TO PAY FOR WATER 

If you were to be supplied with piped water at home or within 

reasonable proximity from your house, how much would you be willing to 

pay per month for all your household water needs? Kshs 

I f . you were to be supplied with borehole water at home or within 

reasonable proximity from your house, how much would you be willing to 

pay per month for all your household water needs? Kshs 

If the present river water was to be cleaned, hence the water be 

provided clean, free of any form of pollution,—how much would you be 

willing to pay per day for water from the river? 

Kshs. 

Suppose that a permit were needed for you or members of your 

household to draw water and bathe from the river. The permit would be 

valid for one year, and the money raised from permit sales would be 

used to improve water quality in the river. Would you pay for such a 

permit? [.*] No. [.• J Yes. 

If Yes, what is the maximum amount you would pay to get a permit for-

[..JDathing?....Kshs...... ..per month. 

[..jDrawing water? Kshs per month. 

You have made your trip to fetch water from your regular water source. 

Once you have reached that area, you found that a local authority has 

imposed a service charge on the water use. What would you be willing 

to pay as a charge oo <uraw a 

Kshs... •............ 

bucketful of water from this source? 

You have made your trip to fetch water from your regular water source. 
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V7.3 State all the gadgets you have acquired to improve on the supply of 

water and the cost of such gadgets. 

(1) Kshs 

(2 J...... •. .Kshs.................. 

(3 ) Kshs 

(4 ) Kshs 

PART IX: LOSS OF BIODIVERSITY (FISHERIES AND OTHER LIFEFORMS) 

F9.1 As far back as you can remember, do you think there has been a 

decline in fish stocks or ether life forms in the river? 

I..J Y es [..J No. 

F9.2 If Yes, state the other aquatic species you knew which are now extinct 

from the river. 1 2............ .3 

4 5 6. 7 

F9.3 IIow would you rank the following as the possible causes of extinction of 

the above: 

[....J Pollution of the river. 

[—j Cverexploitaticn. 

[...»j Destruction of river channels downstream. 

[....J Fluctuations in the river levels. 

F9.4 Describe as concisely as possible how the above changes have affected 

your life. 

F9.5 Give a historical account on the abundance of fisheries beginning from 

early 1960s to da 

F9.6 Give a historical account on the water management strategies beginning 

from early 1360s to date. 




