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Wastewater Use in Cauliflower Production and
Farmer’s Health: An Economic Analysis

SHAHZAD KOUSER ABEDULLAH, andABDUS SAMIE

The present study aims to estimate the economigegabf negative externalities of
wastewater use in cauliflower production. Costdfgranalysis is employed to estimate the
farmer’s health externalities in the productiontesec The data are collected from 200
farmers (100 from each group, wastewater and fragmyin the year 2006 from two peri-
urban villages of Faisalabad city. Ignoring thdueaof negative externalities, wastewater
use is profitable in vegetable production but whiwe economic value of negative
externalities are factored in the analysis, theltestrongly discourage its use. The cost of
health externalities due to wastewater use in fltawér production (only for a three-month
crop) is Rs 3.2 million from the 741 acres plantéd.Faisalabad, 5,283 acres of vegetables
are cultivated using wastewater, and the valuewi hegative health externalities amounts
to Rs 90.7 million in a year. A huge economic lds® to wastewater use may attract the
attention of policy agents to intervene. Amondeatiént available options, installation of a
water treatment plant appears to be most viableminimise the external effect of
wastewater use in peri-urban agriculture.

JEL classificationQ25, O13
Keywords: Cauliflower, Wastewater, Freshwater, Externalitiésalth Damages,
Cost-benefit Analysis

1. INTRODUCTION

The demand of water for household, commercial, s$trial, and agricultural
purposes has increased remarkably all over thedwoflhe population of Pakistan was
136 million in 1998 [Population Census Organisatf2001)] and is expected to double
by 2025. Population and income growth will furthenost the demand of water in
multifarious sectors and it will lead to severe avadtress in the near future [Seckler,
al. (1998)]. Growing water scarcity is threatenirgp@omic development, sustainable
human livelihoods and environmental quality [ScBtyuqui, and Sally (2004)]. At the
same time, due to increased industrialisation, gameration of wastewater will also
increase leading to more opportunities for expagdiegetable production on wastewater
in peri-urban belts.

Due to increasing pressure on water demand, plaramercontinually searching for
new sources of water that can be used economicailty effectively to cope with
development process. The use of urban wastewedgriculture is a centuries-old practice
that is receiving renewed attention with the inshe@ scarcity of freshwater resources in
many arid and semiarid regions of the world [Ensgtlal (2004)]. It supports livelihoods
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and generates considerable value in urban andugmit agriculture despite the human
health, crop productivity and environmental riskssaxiated with this practice [WHO
(1989); Pescod (1992); USEPA (1992) and Van derkHeeal (2002)]. It is estimated
that one-tenth or more of the world’s populatiomsuimes food produced on land irrigated
with wastewater [Smit and Nasr (1992)]. As popalatcontinues to grow—the use of
wastewater is certain to increase, both in ternaexds irrigated, and volumes applied.

Some form of treatment is needed to meet the wptality standards that are set
by international organisations and national govemts. A wide range of wastewater
treatment methodologies currently exist that canone all harmful pathogens and other
pollutants to make it safe for agriculture and ef@ndomestic use [Von Sperling and
Fattal (2001)]. Rudimentary treatments can be t&dhip crops that are not consumed by
humans, while sophisticated type of treatment ¢uiired for unrestricted use [Haruvy
(1997)]. However, wastewater treatment method menended for hot climates is a
system of wastewater stabilisation ponds [Mara (2P0 Most of the developing
countries are facing severe financial constrainis #hus using wastewater without any
kind of treatment for agriculture purpose.

Peri-urban vegetable production is a major userunfreated wastewater in
agriculture sector of Pakistan. Nothing is wronguse treated wastewater because it is
profitable even after internalising the cost ofegmalities [Haruvy (1997)] but there are
serious concerns in apply untreated wastewatereigetable production. Untreated
wastewater is not only affecting productivity ofriggltural labourers by increasing the
probability of getting sick but it also affects theil productivity in the long run. Further
it is affecting the quality of ground water by léawy nitrate and other pollutants from
agricultural fields and is also multiplying the expulitures on medical treatment for the
poorer of the poor. In order to shift this groupoee the poverty line Government not
only have to take measures to increase their dgriell productivity but also have to
provide conducive environment to reduce non-pradacexpenditures (medical) by
improving physical infrastructure.

The story of negative externalities of wastewaternot ending here yet
because it also affects the environment and th&he&consumers using vegetables
grown with untreated wastewater. However, presstidy did not deal with
consumption and environmental related externalitis&ler the assumption that
almost all Pakistani eat food after cooking at syMagh temperature and majority of
the pathogens are either died or became ineffedbiyecooking at such a high
temperature. Secondly, it is difficult for the consers to differentiate vegetables
grown with wastewater and freshwater. Hence, iiremely hard to identify the
consumers who are using vegetables daily grown widktewater because source of
supply of vegetables to the consumers is changmg@weryday basis. The data on
environmental pollution related variables is notiéable especially for our study
area and therefore, cost of environmental damadasmtieated wastewater use is
also not included in the analysis.

The costs of health damages of untreated wastewater not yet been estimated
in Pakistan and present study is attempting tdHil information gap by estimating it in
terms of loss in earnings, and medical treatmesitsco
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The rest of the paper is organised as follows. ti@e@ delineates the empirical
model and discusses the data collection proced8eztion 3, derive the results that are
useful to understand the cost of externalities ast@water use in cauliflower production
and it also facilitates the reader’s approach talewstand the issue of negative
externalities of wastewater use in vegetable pridinc Final section summarises the
discussion and recommends policy suggestions lasedpirical findings.

2. EMPIRICAL MODEL AND DATA COLLECTION PROCEDURE

2.1. Valuing Benefits and Losses of Wastewater UseCauliflower Production

Different types of production function are availbto study input-output
relationship but Cobb-Douglas (beside its restrectproperties) is more popular and
commonly used to study such relationship in theécajure sector. Hence, the Cobb-
Douglas type of production function is employedehend it can be written as follow;

Y = AF918%2| % pda| Os g & e DrtaeDo*dsDs 4 @
Where

Y = Yield of cauliflower in Kg.

A = Intercept of the model.

F = Fertiliser nutrients in kg per acre (total ofNand K).

S = Total quantity of seed in kg.

L = Total quantity of labour in hours.

P = Pesticide cost in Rupees per acre.

I = Hours of Irrigation (proxy for the amount of wat

E = Level of education of household head (Proxynfianagement).
D; = Dummy for variety (‘1’ for early and local vatie in wastewater and

freshwater areas, respectively and ‘0’ otherwise).

D, = Dummy for soil type (‘1’ for high productive d@ind ‘0’ otherwise).
D; = Dummy for seed source (‘1’ for home made seetl'@notherwise).

p = Stands for random shocks.

In the above equatioa,, a,, 0z, 04, 05, dg are the partial production elasticities
and a4, Og, Og are the coefficients of dummy variables. It is thonoting that in both
groups (wastewater and freshwater areas) farmees gaowing two varieties of
cauliflower but difference in sowing method (tralasping and dibbling) is only
observed in freshwater area. Difference in sowmahod in freshwater area is mainly
depending on variety (local or imported). If fanmi@re growing local variety then they
use transplanting technique, otherwise they emplogibbling method. Therefore,
difference in sowing method in freshwater arealoartaptured by using the dummy for
variety. Two varieties (late and early) in wasttawarea differs in terms of sowing time
but not in terms of sowing methods and therefovenmy for variety in wastewater area
stands for difference in sowing time. To capture variation in soil types dummy for
soil is introduced for both wastewater and freslewadreas. High productive soil
includes sandy loam soil and less productive ristl@aamy and sandy soil.
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A three stage estimation technique suggested hyaddsPope (1978) was employed
to obtain unbiased parameters of production fundtidoth wastewater and freshwater areas.
The results of third stage in estimation technigresused to estimate the predicted yield of
two groups (wastewater and freshwater areas) log Esjuation 1. The variation in yield due
to difference in input use and management factass been captured through production
function and the remaining variation is purely dige difference in quality of water
(wastewater or freshwater) and random shocks. tthdeassumption that random shocks are
similar in both wastewater and freshwater areasa(ls®e respondents who have been selected
from both wastewater and freshwater areas are tdosach other) therefore, it is reasonable
to assume that difference of variation in yieldwb groups is mainly due to difference in
quality of water. The difference in revenue (pcestl yield x price) could be referred to the
contribution or loss of wastewater use in vegetplideluction but there is a difference in costs
of production in two groups. Hence, the differen€aet profits of two groups should be
referred to the contribution or loss of wastewaiss in cauliflower production and per acre
average net benefit of wastewater use is estinaatgi/en below.

i (Pwi Yoi = Cwi) % (Pfj Y.fi ~Cy )

NB,, = NVQ, - NVO; ==L N - 1= ¥ )

Where
NVQy = Average per acre net profit of cauliflower wittastewater use.
NVQ = Average per acre net profit of cauliflower witegshwater use.
Y; = Predicted yield per acre bth farmer with wastewater use.

R, =Price of cauliflower of-th farmer in wastewater area.

= Predicted yield per acre pth farmer with freshwater use.

P; =Price of cauliflower of-th farmer in freshwater area.

C,i = Per acre cost of cauliflower production (costrgfuts and wastewater) of

i-th farmer in wastewater area.
Cy = Per acre cost of cauliflower production (cosirgfuts and freshwater) of

j-th farmer in freshwater area.

The subscriptsi" and ‘j” stand for thei-th andj-th farmer in wastewater and
freshwater areas, respectively whil®&"*and “M” represents the total number of
observations in each group, respectively. Theedbfice of net economic benefit of two
groups NB,) is called the per acre average net benefits dfteveater use without
incorporating the cost of externalities. The engihaf this study is to incorporate the
cost of health externalities in cost-benefit anialynd therefore, first of all it is required
to explain how the external cost of health is eatad.

2.2. Economic Value of Labour Productivity Loss

There could be potential risk of disease(s) wittsteavater irrigation. llinesses
caused by wastewater pathogens may result in:
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« loss of potential earnings; and
« medical costs.

Loss of potential earnings or labour productivity évaluated by using
opportunity cost principle. These losses are gtiadtin economic terms by using
the information on prevalence of disease (numbesick days, full-time or part-time
work due to sickness or off-work, generally calledstricted activity days in
literature) and daily wage rate. Wastewater itigya creates different kinds of
diseases and the value of labour productivity leg84_PL) due to theses diseases (in
both wastewater and freshwater area) is estimat@snual productivity loss of
unemployed and underemployed sick individuals itineged by employing the
equation discussed below;

VLPL=(SD*WR* Prob* TP, +.....+(SD*WR* Prob*TP), ... )]

Where

SD = Average number of sick days.
WR = Average wage rate in the study area.
Prob = Probability of gettind®-th disease.
TP = Total population in a given community or studga
Q = Total number of diseases attributed to wastewste i.e. fronP=1 t0 Q.

Medical or healthcare costs and inconvenience co$tsvastewater use in
cauliflower production should be added to obtaialtcosts of health related illnesses.
The medical costs include, the cost of medical attaton(s), cost of medication,
transport cost, cost of defensive expenditure (oaetd use of medicine, protective
measures etc., to avert the disease risk in futang]) any other out of pocket illness
related expenses. The private treatment cost eamsbd as proxy (opportunity cost)
for medical costs because public healthcare ishhigibsidised in Pakistan.

Annual loss of money value due to medical expene#tulY MEL) for both
wastewater\{(MEL,) and freshwater grower¥KELy) is calculated as follows:

VMEL =(CC+MGFTC+PC+OQ), (PB TP, +.. +
(cc+MC+TC+PC+0C)s (Prob*TP)s ... . (8

Where

CC = Average cost of medical consultation in the siamnp
MC = Average cost of medicine in the sample.
TC = Average transport cost in the sample.
PC = Average preventive cost in the sample.
OC = Average other costs in the sample.
Prob = Probability of being affected from a certainagises.
TP = Total population in a given community or studga
S = Total number of diseases attributed to wastewee, i.e., from R=1to S.
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2.3. Cost-benefit Analysis after Internalising theCost of Externalities

Per acre per crop Average Cost of Health Dam@g#D) due to wastewater use in
cauliflower production is estimated as follows,

(NLPLW + NMELW)
Total wastewateareain the sample

CHD,, =

w

(%)

Where, NLPL,, NMEL,, are Net Labour Productivity Loss and Net Medical
Expenditure Loss, respectively due to wastewaterinwegetable production and on per
crop basis it is estimated as defined below:

VLPL, _VLPL,
4

3 (6)

NLPL, = (

Where,VLPL,, andVLPL; are values of labour productivity loss of wastewaied
freshwater vegetable growers, respectively ancestienated by implying Equation 3 for
both wastewater and freshwater growers separatetyan average farmers are growing
four vegetable crops in wastewater and three ciopseshwater area in a year and
therefore, we have dividedLPL, and VLPL; by four and three, respectively because
these costs are estimated on per annum basis bataguproductivity analysis is only for
one crop (cauliflower) season. That is why it imtpot to maintain the same period of
analysis in production and externalities. Net Madli Expenditure Loss due to
wastewater useN(MEL,) in cauliflower production is estimated by employiequation
as given below.

()

VMEL, _VMEL,
4 3

NMEL, =(

Where VMEL,, andVMEL; are values of medical expenditure loss for wagtavand
freshwater growers, respectively and are estimdgdimplying Equation 4 for both
wastewater and freshwater growers, separately.e, Heg have again dividedMEL,, and
VMELs by 4 and 3, respectively due to the reasonsstisdabove in labour productivity loss.

Finally, per acre per crop Net Benefit (Loss) ofswavater useNBwg) after
internalising the Cost of Health Externalitie€HD,) in cauliflower production is
estimated with the help of Equation 8 given below.

NBye = NB, —~CHD,, .. (8

Where,NB,, and CHD,, are respectively, average net benefit of wastawase
without internalising the health externalities amderage cost of health damages (or
health externalities) with wastewater use in vegletaroduction. They are estimated by
employing Equations 2 and 6, respectively.

2.4. Sample Data

Stratified random sampling approach is adoptedottect input-output data from
two strata (wastewater and freshwater). The igpiput data from 100 cauliflower
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growers in each stratum (wastewater and freshwese@gndomly collected in 2006 from
two villages Chakera and Chak No. 4, respectivélifassalabad city in summer season.
These two villages are representative of caulifloyeoduction in wastewater and
freshwater areas, respectively. The data on diffiekinds of sickness and number of
days of sickness is also collected from each stratvhich is used to estimate the
probability of sickness from a particular disease each stratum (wastewater and
freshwater). The detail of medical expenditure different kinds of sickness is also
collected from two groups which allowed us to estienthe total expenditure to get
medical treatment for each kind of sickness. Tdimbility of treatment costs is cross
checked by asking expenditure details of differ@inknesses from medical doctors. In
majority of the cases we observed that informatioren by farmers are reliable and
matches with doctor’s perception and where it wagimere we took the cost of treatment
given by the doctor. This information is used stiraate the cost of health damages for
both groups which made it possible to estimatesitiernal cost of wastewater use.

However, it should be noted that the impact of esster use on consumer’s
health has not been considered in the present skechuse it required laboratory test and
more detailed information from consumers which itdel expansive to collect and
arrange. Due to resource constraints it is decige@xclude it from the analysis.
Secondly, we are eating vegetables after cookirayvary high temperature and most of
the pathogenic organisms which are dangerous faltthdie at such a high temperature.
Therefore, it is hard to capture the cost of exlities of wastewater use on consumer’s
health.

3. RESULTS AND DISCUSSIONS

Mean values of different inputs and outputs on pere basis for two groups
(wastewater and freshwater users) are estimatedeanlls are reported in Table 1. A small
number of farmers (10-15 percent) used farmyardumsain freshwater area but in
wastewater area no farmer observed doing this ipeadndicating that wastewater is a
substitute for farmyard manure. Farmyard manumeiserted into nutrient nitrogen or-N
It is evaluated based on the average market priseassuming that if farmers would have to
supply that amount of N from Urea, then they havpay the market price for it. Average
dose of fertiliser nutrients (nitrogen and phosphej used by farmers in cauliflower
production in freshwater area is 134.5 kg per adrieh is significantly higher compared to
the amount of nutrients (39.3 kg per acre) in weater area because huge amount of
nutrients includes in wastewater [wastewater cost&9 percent more nitrogen than the
recommended level set by WHO, Ensiakal (2002)]. It clearly indicates that wastewater
works as a substitute of fertiliser and helps tedas 3170 per acre for wastewater growers
due to less use of chemical fertiliser. Averagell®f seed in freshwater area is 0.7 kg per
acre while in wastewater area it is 0.9 kg per agrieh is significantly higher compared to
freshwater area. In freshwater area majority ef fdrmers are purchasing seed from the
market while in the wastewater area almost all éasmuse home produced seed. The higher
amount of seed in wastewater area might be duewerlrate of seed germination in
wastewater compared to freshwater area or homeaugeddseed has lower probability of

'One ton of farmyard manure generates 10 kg of actixrient of Nitrogen [Ali (1996)].
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germination compared to the market purchased s&eetage labour use in freshwater area is
120 hrs per acre while in wastewater area it is A5 per acre. The labour used in
wastewater is slightly higher because wastewartereies have to plant nursery for cauliflower
and also do hoeing practices. Further, farmeveastewater area face more severe problems
of weed due to untreated irrigation water whichumegmore labours to manage the fields.
Average irrigation hours in fresh and wastewat&asrare 29 and 11 hours per acre,
respectively, implying that intensity of wastewatew is very high compared to freshwater.
That is why wastewater farmers require less timerrigate their fields compared to
freshwater users. This implies that wastewatersusgluce their costs in two ways, (i) they
pay less price for each hour of irrigation compatedreshwater users, (i) due to high
intensity of wastewater flow compared to freshwatexstewater users required fewer hours
to irrigate their fields which lead to reductiortieir costs of irrigation and labour. Moreover,
timely and surplus availability of wastewater alfofarmers to grow more number of crops
compared to freshwater growers and they are algxyieg high prices because they are
selling a larger part of their crop early in thase. Average pesticide costs in both fresh and
wastewater areas are Rs 525 and Rs 1227, respedimplying that amount of pesticide
used in wastewater area is significantly higher mamed to freshwater area. The high
pesticide costs of wastewater users are due to tigpping intensity and favourable
environment for pests to grow. After having infetion about early harvest and significantly
higher amount of pesticide use in wastewater am@umers need to avoid consuming early
cauliflower because toxic chemicals in pesticidaldde extremely hazardous for health.
Average land rent in fresh and wastewater areaRksr£0520 and Rs 15610, respectively.
Per acre rent of land for wastewater area is $igmifly higher compared to freshwater area
because of high cropping intensity (due to reliatlpply of wastewater), cheaper and more
nutritious supply of water in the area. Mean ptedi yield (i.e., after capturing the impact of
different level of input use and management fagtofcauliflower in fresh and wastewater
areas is 8975 and 8659 kg per acre, respectindigating that yield is higher in freshwater
area compared to wastewater area. The wastewdiemig used in the study area since last
thirty years and low average yield in wastewatenas probably due to deterioration of soil
productivity or use of home made seed. Accumulatigpoisonous chemicals on upper layer
of soil resulted to lower the soil productivity.

Table 1

Average Values of Input-output Quantities on Pere/asis for Two Groups
(Freshwater, Wastewater) of Water Uses

Variables Freshwater Wastewater
Yield (Kg/Ac) 8975 8659
Fertiliser (NPK in Kg) 134.5 393
Seed (Kg) 0.7 0.9
Labour (Hours) 120 135
Irrigation (Hours) 29 11
Pesticide Cost (Rupees) 525 1227
Annual Rent (Rupees ) 10520 15610
Education (Years of Schooling) 6 4

" It represents that values are significantly déferfrom each other for two groups.
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3.1. Results of the Production Function Analysis

In the literature various techniques are availdableestimate the non-linear model
described in Equation 1, and different studies rawmployed different techniques to obtain
consistent and asymptotically efficient estimathss{ and Pope (1979); Antle (1983) and
Antle and Goodger (1984)]. There is slightly diffiece of deriving weights in Just and Pope
and Antle’s approach but the basic idea is sinnildyoth the techniques. Hence, three stage
estimation technique suggested by Just and Po€)(ikPemployed to estimate the input and
output relationship in cauliflower production ahé tetail of estimation procedure is given in
Appendix-l. In cross section data like the onespleged in this study, problem of
heteroscedasticity may generate asymptoticallffioigrdit results [Just and Pope (1979)]. A
variety of tests are available to test the exigenic heteroscedasticity. In this study, the
Breusch-Pagan test, preferable to other testsodasons cited in Kmenta (1986), is applied
to diagnose the problem of heteroscedasticiffhe null hypothesis of homoscedasticity is
rejected at the 5 percent and even at 1 percem, lsuggesting the presence of
heteroscedasticity in each group of data set. tthimasymptotically efficierfs’s, three stage
estimation technique developed by Just and Pop&)1i8 employed to establish the input-
output relationship as defined in Equation 1 fadilawer and results are reported in Table 2.
In three stage estimation technique the value diipteideterminationf¢) improved from 65
and 72 in the first stage to 85 and 83 in the thiadje for wastewater and freshwater areas,
respectively. The significance levels of almoktaekfficients are also improved in the third
stage. The results are of individual groups (weeter and freshwater) are comparable with
the results of pool data i.e., when both groupspamed and dummy for one group is used.
The results of production function for pool datagported in Appendix-Il. The discussion
about the production function coefficients of irgpum the following pages is about the
individual groups for which the results are repaiteTable 2.

The coefficient of fertiliser nutrients (NP) is p@idge and highly significant in
wastewater area but in contrast to our expectatimmgoefficient of fertiliser is negative
and significant for freshwater area as reportefiahle 2. The negative sign of fertiliser
in freshwater area is due to over utilisation atiliser which is clear from the mean
value of fertiliser use revealed in Table 1. Insteavater area farmers are using 1 to 2
bags of urea per acre while in freshwater areadesrare using 4 to 6 bags of urea and 1
to 2 bags of DAP. Hence the total amount of naotsa@ncreased significantly than the
fertiliser standards set by the Ministry of Foodgridulture and Livestock, [Federal
Water Management Cell (1997)]. It is posing a niegatmpact on output and thus
reflecting in terms of negative coefficients of tigser in production function for
freshwater area. It represents the third zoneradiyction function which clearly shows
negative marginal contribution of fertiliser in plection process.

In freshwater area, the negative and significardffament of seed implies that
might be seed is over utilised or seed is not blétaccording to local soil condition and
environment. A separate study need to be conduotptbvide such evidence. However,
coefficient of seed is positive and significantiastewater area which is according to our
priori expectations.

7t is based on the sample data that if the hypathelshomoscedasticity is true, the ordinary least
squares estimates of the regression coefficierdasldmot differ significantly from the maximum likieood
estimates that allow the possible heteroscedasfitusch and Pagan (1979)].
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Table 2

Results of Production Function for Two Types oféV&roups
(Freshwater and Wastewater)

Wastewater Freshwater
Variables I Stage ¥ Stage  %Stage  {Stage ¥Stage 4 Stage
Intercept 6550.44 150 255453 9708.78 11.65  3214.3%
(2.78) (0.18) (0.90) (1.81) (1.58) (0.18)
Fertiliser 0.00Y% —0.004¢ 0.03" —-0.04¢ 1.16* -0.04'
(0.52) (-0.01) (2.16) (-0.72) (1.44) (-1.59)
Seed 0.007  -0.59¢ 0.20 -0.20" 2.65" -0.28'
(0.32) (-1.13) (1.82) (-2.97) (2.65) (-1.67)
Labour Hours -0.03 0.90" 0.20 -0.07" -1.40¢ 0.23
(-0.50) (0.63) (1.99) (-0.92) (-1.32) (1.51)
Irrigation Hours 0.15 —0.59¢ 017" 0.08" -0.91 0.26"
(2.00) (-0.36) (4.83) (1.34) (-1.57) (3.57)
Pesticide Cost 0.00 0.02* -0.002 0.00" —0.01* 0.003"
(0.02) (1.14) (-1.52) (1.71) (-0.41) (2.19)
Education 0.00 0.03* 0.0 0.00" 0.06" 0.02"
(0.13) (0.79) (1.62) (1.62) (1.98) (2.01)
Dummy for Variety -0.0% -0.12¢ -0.04 - - -
(-1.36) (-0.36) (-1.97)
Dummy for Soil 0.10" 0.04* 0.05" 0.16" —-0.18¢ 0.12*
(6.76) (0.10) (2.44) (8.83) (-0.62) (1.75)
Dummy for Seed Source 0.01™ 0.77 -0.78 - - -
(Home=1, Otherwise=0) (0.49) (1.56) (-1.66)
Dummy for Sowing Method - - - 0.18 -1.94" 0.21™
(3.20) (-2.35) (3.46)
R? 0.65 0.14 0.85 0.72 0.27 0.83
Adj.—R? 0.57 0.05 0.80 0.66 0.13 0.79

*** = Significant at 1 percent, ** = significant & percent, * = significant at 10 percent, ns =sighificant.
Figures in parentheses are t-statistics.

The signs for the coefficients of labour hours othbfreshwater and wastewater
areas are positive and highly significant. Caolifér like other vegetables is a labour
intensive crop indicating that improvement in labsupply could further enhance the
productivity of cauliflower. Similarly the signeif the coefficients of irrigation hours in
both freshwater and wastewater areas are positiiehaghly significant, indicating that
water is scarce resource in both areas and adalitsupply of water could improve the
productivity of cauliflower. The contribution oféfshwater in the improvement of yield
is higher than wastewater. It is because wastewateontaminated with poisonous
chemicals coming from different industries, indiitas and households and moreover, it
is completely untreated.

The coefficient of pesticide cost is highly sigaé#nt in both groups and its sign is
also consistent with priori expectations. Howerefficient of pesticide cost is larger
in freshwater area compared to wastewater aredyimgpthat marginal contribution of
pesticide use is comparatively higher in freshwatea than wastewater area. It is due to
the reason that wastewater farmers have high pildlgabf being affected their crop
from insects because wastewater fields have mardumive environment for insects to
survive and breed. This argument can be suppdryepesticide cost incurred in both
sample groups and it is observed that pesticide isamore than double in wastewater
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area compared to freshwater area. The coefficieatiucation is positive and significant
in both groups according to priori expectationsplymg that investment on education
could help to enhance the productivity of caulifeyw

The dummy for variety (stands for local variety ehis also called early sowing
variety) in wastewater is highly significant witkegmative sign implying that farmers who
are planting their crop early are getting loweldjielt is surprising then why farmers are
planting their crop early? When weekly price dmsition in near by market is observed
then we get the answer. The price of caulifloweearly weeks of harvest is found to be
enormously higher compared to the price in lateekse implying that farmers in
wastewater area are rational and substituting Igeldywith high price. This clearly
indicates that high prices in early weeks of harees contributing more than the loss in
yield incurred due early plantation. The varietyminy in freshwater area stands for
local variety. The positive and significant resutfiearly depicts that local variety in
freshwater area performs better than imported tarie

The dummy for soil (i.e., sandy loam soil) is pesitand significant in both
groups but contribution is higher in wastewateraareThe dummy for seed source is
negative and significant, implying that home ma&eds performs better than other
sources. It might be due to the reason that inaploseed or certified seed is not being
used properly according to the supplier’s instiutsi

3.2. Cost-benefit Analysis without Externalities

Net benefits of wastewater use in cauliflower pmithn are estimated by
employing Equations 2 and results are reported abld 3. Cost-benefit analysis
highlights the differences in net return for twagps (freshwater and wastewater users)
in cauliflower production. The gross revenue, whanly depends on production and
output price, is low in wastewater area comparefiashwater area. Mainly it is due to
low predicted yield (yield after capturing the effeof difference in input use, soil
characteristic, and management factors etc.). [ble average predicted yield on
wastewater fields clearly depicts that untreatedsteumater has negative impact on
cauliflower production in the long run. The impadft differences in input level and
management has been captured through productiottidanin both groups and the
remaining variation in predicted yield is referredthe difference in quality of water
which is affecting the soil fertility. Hence, tlifference in average yield of two groups
is due to soil fertility loss which is taking plackie to wastewater use. The cost of
pesticides is more than double in wastewater itegjasite as compared to freshwater
irrigated fields. This might be due to high crappintensity and favourable environment
for pests to grow in wastewater fields.

Fertiliser is one of the major contributor in cagst in freshwater area and it is
significantly higher compared to wastewater fieldseshwater farmers spent four times
more on fertilisers compared to wastewater farmerghe low cost of fertiliser in
wastewater area is due to the fact that wastewatstains high amount of nutrients
(Nitrogen and Phosphorus) and it encourages fartoarse low doses of fertiliser.

The cost of seed is also high on freshwater fielisipared to wastewater area
because farmers in freshwater area purchased dbeids from market at higher prices
while it costs less to wastewater users becauseutehome produced seed.
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Table 3

Comparison of Costs and Benefits (Rs/Ac) of Cawl#r Production in
Two Sources of Irrigation in the Study Area

Classification Freshwater Wastewater
Gross Returns 42516 37243
Cash Costs
Pesticide 525 1227
Fertiliser 4094 924
Seed 3692 -
Labour 2820 2922
Land Preparation 3414 3678
Irrigation 2082 686
Total 16627 9437
(88) (74)
Non-cash Costs
Seed - 1054
Labour 2197 2266
Total 2197 3320
(12) (26)
Total Labour Cost 5017 5188
(27) (41)
Total Cost 18824 12757
Net Benefit 23692 24486
Net Benefit Per Unit of Cash Input 1.4 2.6

Figures in parentheses represent the percentageab€ost incurred in cauliflower production.
Note: Labour cost also includes weeding cost (manual).

The total cost of labour (hired+family) in wastearatrea is slightly higher than
freshwater area due to intensive use of labouwtding because in wastewater area the
probability of germinating weeds is higher thansfreater area. Moreover, labour
required to spray pesticide is higher in wastewatesa than freshwater area. The
contribution of labour cost in total cost of protion is 27 and 41 percent in freshwater
and wastewater areas, respectively, indicating teagetable production is a labour
intensive enterprise. Even wastewater vegetalidyation is more labour intensive than
freshwater. This suggests that expansion of wagswegetable production could
expand the absorption of labour in agriculture @ect

In wastewater area land has become more compadtaadciue to wastewater use
for a long time (since last 30 years) and it regmirelatively more cultivation and
planking cost. The farmers give more cultivatiamsl plankings to make the land soft
and to eradicate weeds. Therefore, land preparatist for cauliflower is higher on
wastewater irrigated farms compared to freshwatigraited areas.

The cost of irrigation is another major cost. Rreater farmers have much higher
irrigation costs compared to wastewater farmense fieason of this big difference is less
availability of canal water in the freshwater aegal it forces the farmers to supplement
irrigation with tubewell water which is very costtiue to high diesel costs, whereas the
farmers who used wastewater had a clear advamagens of low priced wastewater.
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Cash cost in freshwater area is Rs 16627, coninigp@8 percent of total cost but
in wastewater area, the total cash cost is sméiber freshwater area and it is Rs 9437,
contributing 74 percent to the total cost. Howewvem-cash cost is higher in wastewater
area (Rs 3320) than freshwater site (Rs 2197). cs¢ of family labour is the major
component of non-cash cost. The amount of cashisdsgher than non-cash cost in
both areas, implying that farmers depend more orketidase resources for cauliflower
production than resources available at home.

The net benefit is estimated after deducting totat from gross return; it is
almost four percent higher in wastewater area coeapto freshwater area. The rate of
return per rupee of cash cost is estimated aftedidg net benefits by total cash costs to
observe the rate of return on cash investment ulifaver production. The rate of
return from cash investment is higher in wastewatea than freshwater site (Table 3)
because of lower cash cost incurred in wastewatea.a Net benefit or value of
wastewater use is estimated by employing Equatievhig¢h is Rs 794 per acre and Rs
588354 (Rs 794 x 741 acres) for the whole studg &efore internalising the cost of
externalities of wastewater use in cauliflower prctibn.

3.3. Economic Value of Externalities

As mentioned earlier, the present study considbes health externalities of
wastewater use, i.e., labour productivity loss anddical expenditure incurred on
different kinds of sickness and results are dissdiss below.

3.3.1. Estimating the Probability of Different Diseases

Chakera is the main site, where untreated wastevgabeing used for irrigation and
contained a high concentrationlafimintheggs andaecal coliformbacteria that exceeded
far the WHO guidelines [Ensinlet al. (2002)]. This poses a high potential health tesk
both farmers and crop consumers. Due to limitegll@ve resources we did not get the
blood test of the farmers to see the real effecthealth of different pathogens and
moreover, it would have provided the information cate point in time but we are
interesting to get the information of different &mof sickness over the year. We collected
data from 100 farmers and asked them, how manystiimey get sick and what kind of
sickness doctor diagnoses for them. Further,dor many days they could not go to work
due to a particular sickness mentioned above. pfolgability distribution for each kind of
sickness in both groups is estimated by applyiregy dparse data rule [Andersaet, al.
(1977)] on cross sectional data of 100 farmersrasdits are reported in Table 4.

The vegetable farmers operating in wastewater amedound to have significantly
higher prevalence of hepatitis, vomiting, stomas#in allergy, cholera, diarrhea, typhoid
and dysentery than those who are growing vegetatitbscanal or tubewell water. This
implies that probability of existence of pathogansl being affected from these pathogens
is significantly higher among farmers and workergoived in different farming activities
on wastewater fields compared to those who aregehm farming with canal water or
freshwater. This clearly indicates that wastew#&emers are at a high risk. Simply,
because they have intensive contact with wasteveatahey do most of the field works
manually and barefooted. However, probability efer and cold was almost the same in
both areas because these sicknesses dose not dppéamvastewater use.
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Table 4
Per Year Labour Productivity Loss in Wastewater &neshwater Areas
Wastewater Freshwater
Probability  Average Days Real Probability  Average Days Real
of Sickness Labour of Sickness Labour
Productivity Productivity
Disease Loss Loss
Hepatitis 0.12 110 1536612
(25610)
VVomiting 0.12 1.3 18626
(310)
Stomach 0.12 108.3 1513330
(25222)
Skin Allergy 0.14 9.1 127718
(2129)
Cholera 0.06 5.7 79159
(1319)
Diarrhea 0.04 2 27938
(466)
Typhoid 0.06 76.7 1070972
(17850)
Dysentery 0.04 12.5 174615
(2910)
Fever 0.22 8.8 123183 0.20 7.9 261329
(2053) (4355)
Cold 0.16 134 186838 0.14 7 162974
(3114) (2716)
Total 347.8 4858991 14.9 424303
(80983) (7072)

Note: Figures in parentheses are values of Labour Rtivity Loss in Dollar terms.

3.3.2.Labour Productivity Loss

By employing the probability and opportunity cosinpiple (on going market
wage rate) as discussed in Equation 3, the valmnpbial loss of potential earnings or
labour productivity loss due to each kind of sickeas reported in Table 4 for both
groups. In wastewater area labour productivity Idee to stomach ach and hepatitis is
found to be the highest US$ 75667 and US$ 2561dperively. Among different
diseases reported in Table 4 typhoid fever is chisebacterial pathogerséimonella
typhi) which is present in wastewater and it causedbaur productivity loss of US$
17850. The farmers during their farming activittesnain in contact with contaminated
soil which generates a high loss of potential ea®idue to skin allergy. Cholera which
is a severe form of diarrhea, also a source ofuapooductivity loss equal to US$ 1319.
Total annual labour productivity loss due to differ kinds of sickness is Rs 4858991
(US$ 80983) and Rs 424303 (US$ 7072) in wasteveatefreshwater areas, respectively
and the difference in labour productivity loss s4&R4 million (US$ 73912) which can be
referred to annual loss due to wastewater use.

3.3.3. Loss of Money in Medical Expenditures

On one side wastewater use causes different kihdsseases which affects the
labour productivity but on the other side the tneemt of such diseases required heavy
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expenditures on medicines. The affected membetthefsociety spend an enormous
amount of money to purchase medicines for treatraadtit leads to welfare loss to the
society. The data on medical expenditures is cte from the diseased farmers.
Annual loss of money in terms of medical expenaisuis estimated by using Equation 4
and results are reported in Table 5.

Table 5

Per Year Loss of Money to Medical Facilities in \éaster
and Freshwater Areas

Wastewater Freshwater
Medical Medical Medical Medical

Expenditure Expenditure Expenditure Expenditure
Disease (Rs) ()] (Rs) ()]
Hepatitis 2615200 43587 - -
Vomiting 18900 315 - -
Stomach 1918000 31967 - -
Skin Allergy 261800 4363 - -
Cholera 369600 6160 - -
Diarrhea 30800 513 - -
Typhoid 1494500 24908 - -
Dysentery 955500 15925 - -
Fever 757400 12623 478265 7971
Cold 598500 9975 249900 4165
Total 9020200 150337 728165 12136

* Medical Expenditure includes cost on medicineysdtation cost, prevention cost, and transport. cos

In wastewater area, medical expenditures for Hepasire the highest (US$
43587) followed by expenditures on Stomach (US$63)9 The costs of medical
expenditure for other different sicknesses are ntedan Table 5 for both groups. Total
annual loss of money in terms of medical expenditus Rs 9020200 (US$ 150337) in
wastewater area compared to Rs 549665 (US$ 1916)eshwater area. Annual
additional expenditures on medicines due to wadtawase are Rs 8.5 million (US$
141175). Not a single chance of death is foundtdugastewater irrigation in the study
area. Therefore, economic value of mortality (dshis not evaluated in terms of net
labour productivity loss of an individual over teepected life span.

3.4. Cost-benefit Analysis after Internalising theExternalities

The results of cost-benefit analysis before anaraititernalising the cost of
externalities are estimated and reported in Tabl€6st of health damage (CHJ Net
Labour Productivity Loss (NLR}), Net Medical Expenditure Loss (NME). and Net
Benefit of wastewater after internalising the cobexternalities (NRg) in cauliflower
production are estimated by implying Equations,%, énd 8, respectively.
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Table 6

Cost-benefit Analysis before and after Internalis®ost of
Externalities in Cauliflower Production

Cost and

Cost and Benefit Benefit
Categories (Rs) (Rs per Acre)
Net Labour Productivity Loss (NLR) 1108672 1496
Net Medical Expenditure Loss (NME)L 2973009 2798
Cost of Health Damage (CHP 3181681 4294
Net Benefit of Wastewater without Externality 58835 794
Net Benefit of Wastewater after Internalising theeEnality —2593327 -3500

Before incorporating the values of these negatiteraalities, net benefit or value
of wastewater use is Rs 794 per acre and Rs 58835494 x 741 acres) for cauliflower
production in the study area under the assumptiahdauliflower is grown on the entire
wastewater site in Chakera. Although, some otkegetables are also grown in the study
area but the cropped area under these vegetabiegligible in our sample.

Net labour productivity loss (forgone labour eagsh and net medical
expenditures on treatment due to wastewater usammnting to Rs 1108672 and
Rs 2117634, respectively for cauliflower productioriThe total external cost of
health damage due to untreated wastewater irrigatiaccauliflower production is Rs
3181681 for the whole study area (741 acre) andt®3! per acre. Hence, the net
benefit after deducting the values of these exi@ras become negative which is Rs
3500 per acre and Rs 2593327 for the entire stugya dTable 6). Under the
assumption that similar condition prevail for dilet four crops grown in a year in
wastewater area, net benefit of wastewater aftdermalising these cost of
externalities is also negative, amounting to Rs7B3®7 per annum for the whole
study area and Rs 13999 per annum per acre. Haweaverder to increase the
reliability of the results it is preferable to card future research based on annual
data for all four crops being grown in the studgar

4. CONCLUSION AND POLICY SUGGESTIONS

The main objective of this study is to carry oustebenefit analysis in cauliflower
production with and without externalities due tosteavater irrigation in peri-urban areas
of Faisalabad. Total costs of production of cémlier without externalities are Rs 18824
and Rs 12757 per acre for freshwater and wasteweageis, respectively. Per acre gross
revenue for freshwater and wastewater growers areld516 and Rs 37243, and net
benefits are Rs 23692 and Rs 24486, respectivelg. observed that both total cost and
gross revenue are higher for freshwater users bubenefits of wastewater users are
higher in cauliflower production. The benefit alwe of wastewater use is Rs 794 per
acre and for the whole study area it is Rs 58823%#e simple cost-benefit analysis
(when cost of externalities are not included) dieardicating that it is profitable to use
wastewater in cauliflower production.

Wastewater farmers have high probability of getick compared to those who
are irrigating their land with canal or tube weldter. Total economic value of labour
productivity loss due to different kind of sicknessis estimated to be Rs 1214748
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(US$ 20245) and Rs 106076 (US$ 1768) for cauliflopeduction in wastewater and
freshwater areas, respectively. The differencdaimour productivity and medical
expenditure loss for two groups is Rs 1108672 (U8878) and Rs 2117634 (US$
35294), respectively in cauliflower production. talocost of health externalities of
wastewater use in cauliflower production is Rs 3@#ll and Rs 12.7 million for the
whole year in the study area. After internalisthg costs of externalities, the cost of
cauliflower production in wastewater area has Sigaitly increased compared to
freshwater area and the negative value of nettpnatih wastewater use is Rs 3500 per
acre and Rs 2593327 for the whole study area (T@plelt implies that cauliflower
production with wastewater is not economically feEeswhen cost of externalities is
considered. In Faisalabad more than five thousemd of land is being irrigated with
wastewater and population of approximately fiftpiksand is exposed to wastewater
[Jeroen.et al. (2004)]. Under the assumption that per acre obstealth externalities
remain the same for all crops and for all seasbans total cost of health externalities
in peri-urban vegetable production sector of Faisatl city (5283 acres) is accounted
to be Rs 90.7 million in a year. In order to make cauliflower production profitable
from wastewater use, the price of cauliflower hasncrease higher than the existing
market price in order to cover the cost of healtkemalities. Now the question is
whether society can pay higher prices? If notntbeciety has to reconsider the policy
of untreated wastewater use in vegetable productidime possible options are as
follows:

(1) At the macro level, government needs to imterfto resolve the issue of
wastewater use. One possible approach is to supglywastewater after
proper treatment, and the cost of treatment shoodd paid by the
government. The government can install the treatnpant and its cost
can be recovered within a couple of years by savirgy cost of medical
expenditures which is shouldered by the governnirenérms of providing
medical facilities at the rural side.

(2) A second possible option is to impose a taxdifferent industries which are
emitting this polluted water in the drain equalthe cost of health damages.
The revenue from taxation can be used to instalttbatment plant. The
imposition of tax will also encourage the indudtsi® to instal treatment
plants in their industries to clean polluted wabefore disposal in the drain.
In the present situation owners of those industaestting wastewater are
enjoying high level of profitability due to low cosf production but at the
cost to the farmers (in terms of health damage&ince, property rights are
not well defined that who will pay for the exteritiés and therefore,
government need to interfere to correct the welfdistribution among
different segments of the society.

(3) The last option is that the government shqag a subsidy equal to the labour
loss (forgone labour earnings) and medical exparebtto the inhabitants of
that area.
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Among these options, installation of a treatmerdnplthrough taxation on
industrialists is one of the most feasible and ficaly viable options to provide
immediate relief to the inhabitants of the areastuglied.

APPENDIX-I

Just and Pope (1979) proposed the following thtagesestimation technique to

get the asymptotically efficiemts of Equation 1.

(1) In the first stage nonlinear least square (Ntegression o¥; on F(X, 0) is

applied to Equation 1 to obtain coefficiends and F(X, a) = exp [(IX) a].
The NLS estimation in step 1 leads to consistefitases ofas, (sayd ), the
parameter of~(X). There are two reasons that why estimation befinst
stage is important—(i) at the first stage of estiorg we are not in a position
to examine the effect of input use on risk; (iijpauf risk is not important, the
efficiency of estimates (at least asymptoticallghde improved after taking
into account the problem of heteroscedasticityis possible to estimate by
using theas estimated in step 1 as follows:

n=Y-F(x,d)=en"v2(x,p)

(2) In the second stage an ordinary least squt&) regression of

where

Inju| = InfY - F(X,dlonln X to obtainp is applied as presented below,

I =B+ (n X)' B+

In h(X, B) = (In X)' B and this implies that

Inh™Y2(X, B) = —%(In X) B

(3) In the third stage, for asymptotically effistea's, Just and Pope (1979)

suggested a weightédl Sregression o on X with weights h_l/z(X, f&) . In

mathematical notations, &LSof Y =YhY2(X,B)=Y exp[(-1/2)(In X)'B

on F(X,a)=exp[(InX) a- (@/2)(In X)’[g] to obtain the consistent and
asymptotically efficientd s is employed.
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APPENDIX-II

Results of Production Function for Pooled Data afolGroups
(Freshwater and Wastewajer

Variables 1st Stage 2nd Stage Stdge
Intercept 8619.613 13.269 72.624"
(3.07) 2.77) (9.78)
Fertiliser —-0.00% 0.008¢ -0.00%¢
(-1.30) (0.02) (-0.32)
Seed —-0.026¢ -0.115 0.045"
(-1.09) (-2.24) (2.70)
Labour Hours -0.039 -1.635 0.534"
(-1.08) (-1.30) (15.69)
Irrigation Hours 0.074 0.021" 0.069
(1.98) (2.03) (1.87)
Pesticide Cost 0.001 -0.011" 0.010”
(1.57) (-0.66) (6.24)
Education 0.003 0.016" -0.004"
(2.17) (0.48) (-3.32)
Dummy for Soil 0.140° -0.192* 0.182"
(11.42) (-0.68) (14.45)
Dummy for Seed Source 0.036" 0.506 -0.157"
(Home=1, Otherwise=0) (2.04) 1.27) (-11.02)
Dummy for Source of Irrigation 0.037" —0.656° 0.268"
(Wastewater=1, Otherwise=0) (0.77) (-0.60) (7.13)
R? 0.62 0.10 0.83
Adj-R? 0.59 0.08 0.81

*** = significant at 1 percent, ** = significant & percent, * = significant at 10 percent, ns =sighificant.
Figures in parentheses arstatistics.
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