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ABSTRACT

Urban air pollution, water pollution, improper disposal of industrial waste
and noise pollution are some notable dimensions of environmental
degradation in Bangladesh. These dimensions of environmental
degradation are more severe in the city areas. Khulna is the third largest
metropolitan city of Bangladesh which is situated in the south-west region
of the country. Various types of industrial firms are located at Khalispur
areaof thecity. Thedwellers of the areaface varioustypes of environmental
problems arisen from industrial pollution. This study narrowly defines
industrial pollution as water pollution and air pollution generated from
industrial units. The industrial firms dispose inorganic substances like
mercury, sulphur compounds, lead, nitrates, cadmium and petrochemicals
into water bodies which cause water pollution. Similarly, by emitting
Nitrogen Oxides (NOx) and Sulphur Dioxide (SO,), industrial firms pollute
the air in the study area. The effects of water and air pollution are far-
reaching which affect not only the environment, but also human health.
Industrial pollution generates adverse effects on health and increases
household costs leading to economic losses. This study tries to address
household level costs associated with industrial pollution and finds that
environmental awarenessisrequired among citizensto take mitigating and
averting measures.  © 2013 Trade SciencelInc. - INDIA
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INTRODUCTION

Theindustria revolution of themid-19" century has
introduced new sourcesof ar and water pollution. That
pollutionisoneof theleading sourcesof global envi-
ronmenta pollution. Theindustrial development of an
area createsjobs, money, economic opportunity and
industrial waste™, Giirliik*® triesto explaintherela

tionship between economic growth and industrid pol-
[utionin the European, Euro-Asian and African-Medi-
terranean countries. Reinert et d '3 provide an assess-
ment of theimpact of increased economicintegration
within NorthAmericaonindustrid pollutionintensities
inthe Great L ake states of the United States. In addi-
tion, Hettigeet d.1¥ find the rel ati onshi p between trade
policy and thetoxicintensity of industria productionin
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Least Developed Countries (LDCs). Dasguptaet al .[*Y
usedatafrom Brazil and Mexicoto analyzerelation-
shipsamong economic devel opment, Sizedistribution
of manufacturing plantsand exposuretoindustrial pol-
[ution. Wang™ reportsan empirical analysisof indus-
trial water pollution dischargein China. Streetset d.["
find that considerable air pollution is caused by the
manufacturing firmsand power plantsinthe south coast
of China. Lemanet d.[@ trytodevelopanindustrid air
pollution monitoring system for improvingworkplace
environment. Heshler et d 1% gatethat South Floridais
acenter of industry, which generatesasignificant amount
of air pollution from sugar production, power plants
and scoresof smal manufacturers. By themiddleof the
20" century, the effects of industrialization and urban-
ization have been spreading in countries around the
world. Ostro statesthat air pollution representsasig-
nificant public health hazard to residents of Jakartaand
other cities such as Bangkok, Mexico City and
Santiago, which arecons stently exposedtohighlevels
of ar pollution.

Theindugtrid unitsaregenerding diversified forms
of pollutionlikewater, air, noiseand so on. Industrial
wastes often contain hazardous chemicalsand metals.
Thesewastes pollute surrounding environment. Indus-
try disposesitswastesinto riversand municipal sew-
age systems. Water pollutioniscaused by dumpingin-
dustrial waste into waterways, which leakages into
groundwater and waterways. Drinking water iscon-
taminated with the presence of these chemicalsinto
water bodies. Useof contaminated water createswater-
bornediseaseswhichlead tolong term hedth hazards.
Air quality dropssharply inindustrial areasswhichre-
sultsinhighleve of hedth problems, cancer and pre-
mature death. Therefore, this study tries to address
hedlth problemsand household level hedlth costs, spe-
cidly costsdueto work dayslost, associated with wa:
ter and air pollution resulting fromwastedisposal form
industrid unitslocated a Khalispur areain Khulnacity
of Bangladesh.

MATERIALSAND METHODS

Sudy area
Khulna is the third largest industrial city of
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Bangladesh. It liesto the south of Jessoreand Narall
districts, east of Satkhiradigtrict, west of Bagerhat dis-
trict and north of the Bay of Bengal. Thiscityislocated
onthebanksof the Rupshaand BhairabriversinKhulna
District. It is an important port city of Bangladesh.
Khalispur isan urban thanaunder Khulnacity corpo-
ration. Khalispur iswell known asanindustria area. It
isthelargest juteindustria areaof Bangladeshwhich
wasestablished in 1986. Thethanaoccupiesan areaof
11.47 sg. km, which is bounded on the north by
Daulatpur, on the east by Dighalia, on the south by
Sonadangaand on thewest by Dumuriaupazila. This
study followsan areasampling procedureto select seven
wardsof Khalispur thanaas study sites. Sinceama-
jority of thelarge-gzedindusgtrid firmsof thisthanaare
locatedinward number seven, eight, ten, deven, twelve,
thirteen and fifteen, this study has considered these
wardsas study area(seeMap 1).

Location of Manufacturing Plants in the Study Area

Source: Authors’ compilation
Map 1. Location of manufacturing plantsinthestudy area

TABLE 1liststhedemographic featuresof these-
lected wards. Thetabul ated dataindicatesthat ward
no. 12 holdsthetop position from both the number of
households and total popul ation. Ward no. 7 takesthe
lowest position form both the perspectives.

Data collection

Thisstudy has used both primary and secondary
data. Secondary datahas been collected from various
books, articlesand websites. Publicationsof theKhulna
Deve opment Authority (KDA), the Department of Me-
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teorol ogy, the Department of Environment and Centra
Pollution Control Board are the main sources of sec-
ondary datafor thisstudy.

TABLE 1: Basicfeaturesof theselected study sites

Ward No. Area(inacre) No.of Household Populationin 2001

7 102 3,741 14,808
8 115 4,448 18,545
10 237 4,004 18,518
11 90 4,793 19,398
12 250 11,408 52,036
13 301 5,256 19,959
15 595 6,072 25,724
Total 2,535 51,586 224,597

Source: BBS, 2001

Tocollect primary data, thisstudy hasfollowed well
structured questionnaire survey procedure. A pil ot sur-
vey hasbeen undertaken through using adraft ques-
tionnairein consultation with loca peopletograspan
overall idea about the study area, and to assess the
impact of water and ar pollution on the hedlth of house-
holdsin selected areas. After compl eting the pil ot sur-
vey, necessary modificationsare madetofinaizethe
guestionnaire. Primary datais collected by administer-
ing astructured questionnaire survey through aface-
to-faceinterview with the head or any other working
member of the household. The population of thisstudy
coversthedwe lersof the selected wardsin Khalispur
thana. Thisstudy has considered 105 households as
samples. A total of 15 respondentsare surveyed from
each of the selected seven words.

M odel specification

Thisstudy followsthe Freeman™ model of house-
hold production functionto estimatethewillingness-to-
pay for safedrinking water and clean air that theciti-
zens of industrial areas breathe. An individual’s utility
function may bedefined as:

U=U(X,L,H, Zi) )
Where, Xistheindividuds’ consumption of goods and
sarvices, L denotestheamount of timespent inleisure
of anindividua, H representsthework dayslost dueto
water and air pollutioninduced sickness, Z isavector
of characteristicsof theindividud likeeducation, hedlth
statusand wedl th.

Anindividua deriveshigher utility fromthe con-
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sumptionof X, Z andL, whileH resultsindistility. An
individua produces good hedth by combining mitigat-
ing and averting activitieswiththegivenleve of water
and air pollution (Q), hishedth statusand other socio-
economic characteristics. Therefore, the household
hedlth production function can bewritten as.
H=H(M,A,Q,Z) @)
Where, H isthe number of work dayslost dueto sick-
ness, M ismitigating activities, Aisavertingactivities, Q
islevel of ambient water and air pollution, Z isavector
of socio-economic characteristicsof anindividud.

Individua sdetermine consumption expendituresof
goodsand servicesand cost of mitigating and averting
activitiesbased on household income. Anindividua’s
budget constraint can be specified as:
I =Y+W(T-L-H)-X-PmM-PaA=0 ©)
Where, Y isnon-wageincome, wiswagerate, (T -L-
H) istimespent at work, Tistotal time, P_istheprice
per unit of mitigating activity and P, isthe price per unit
of averting activity. For the given prices of mitigating
activities(P ), pricesof averting activities(P,), wage
rate (w), income (1), individuasmaximizeequation (1)
with respect to X, M, A and L given the budget con-
straint of equation (3). Thecorresponding Lagrangian
functionis
L=U(X, LXH, Z)+A[Y+W(T-L-H)-X-P_M-P A] 4
Where, 1istheLagrangemultiplier. It referstothe mar-
gind utility of investment in mitigating and averting ac-
tivitiesto get rid of sickness.
Empirical specification

Empirically, we can estimatethefollowing regres-
sionmode conssting of the household hedlth produc-
tionfunction.
H=B,+B,.M+B A+B._Age+B,BCI+B . Cho+B Dys+p Typ
+B,HD+B,RD+B, SD+B, Ast+B, EP+v (5)
Thedependent variable of equation (5) isH (Work days
lost), which represents the number of workdays|ost
per person dueto diseases/ symptoms associated with
air and water pollution. The considered explanatory
variablesof equation (5) are:
Mitigating activities (M)

M indicatesmedica expensesto recover fromill-

ness, which coversthe expendituresincurred dueto
water and air pollution related diseases.
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Avertingactivities(A)
Arepresents costsof averting activities.
Age

Agerefersto the years of age of aworking indi-
vidud.

Job nature(BCJ)

BCJ standsfor bluecollar jobs, whichincludesin-
dividualshaving floor jobsinfactories, roadside shop-
keeper, hawkers and rickshaw pullers. Thisvariable
depictswork placeenvironment. It takesvaueoneif a
person hasablue-collar job and zero otherwise.

Chronicillnesses

Chronicillnesses such ascholera(Cho), dysentery
(Dys), typhoid (Typ), heart disease (HD), respiratory
disease (RD), skindisease (D), asthma (Ast) and eye
problem (EP) aretaken asdummy variables. It takes
thevaueoneif anindividual hasaparticular disease,
otherwiseit takesthevaueof zero. Thisvariableac-
countsfor theindividud’s health stock. Chronic illnesses
areused asproxy for thelevel of water and air pollu-
tion.

RESULTS

Inthestudy area, large-scaleindustrial unitssuch
asPlatinum Jubleejutemill, Crescent jutemill, People’s
jutemill, Daulatpur jute mill, Khulnahard board mill
and Khulnapower station (see Map 1) are operating.
Theseindustrid unitsaredischarging wasteinto water
suppliesandinthearr, which pollutesar and water qud-
ity. The discharged wastes have been causing wide-
gpread environmentd problemsin thestudy area, which
intern have been creating serious hedth problems. Fac-
tory workersand peoplewho arelivinginand around
theindustria zonesareespecialy vulnerable. Accord-
ingtotheEnvironmental Science Engineering Program
at the Harvard School of Public Health, about 4 per-
cent of deathsin the United States can beattributed to
air pollution. Morethan 500,000 Americansdieeach
year from cardiopulmonary diseaselinked to breathing
air pollution®, According to Shareefd®, about 40 per-
cent of aFrench hospital attendanceislinked toindus-
trial pollution. Cropper et al.' state that long-term
exposureto pollution can reduce life expectancy by
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making peoplemoresusceptibleto chronic obstructive
pulmonary disesse.

Socio-economic featur esof thesamplehouseholds
Ageof therespondents

Average age of therespondentsis 39 yearswitha
minimum ageof 16 yearsand maximum ageof 68 years
respectively. About 28 percent of therespondentsfall
in 41-50 age-group. Another 27 percent and 23 per-
cent respondentsfall in age-groups 31-40 and 21-30
yearsrespectively. Therestsbelongto 50+ age-group.

Educational attainment of thesamplerespondents

Thelowest educationa attainment level of there-
spondentsisclassoneand thehighest level ismaster’s
degree with mean educational attainment isclassten
(SSC). Thecollected primary dataindicatethat all of
therespondentsareliterate. However, about 41 per-
cent of therespondentsfailed to crossthe SSC bound-
ary.About 12 percent respondents passed only the SSC
level and another 16 percent passed only HSC level.
Approximately 28 percent of the respondents have
higher than HSC level education.

Job statusof therespondents

Thisstudy considersday labors, factory workers,
roads de shopkeepers, hawkers, rickshaw-pullers, other
non-motorized vehicle pullersand motorized vehicle
pullersasbluecollar job (BCJ). In contrast, business,
government job, privatejob and semi-government jobs
areconsdered aswhitecollar job. Among variouswhite
collar jobs, government job dominate over other avail-
abletypesfollowed by business. Among variousblue
collar jobs, the dominating threetypes arerickshaw
puller, hawker and factory worker.

Health assessment

Human hedthisvery closdly linkedto environmen-
tal condition. Dueto pollution exposureinindudtrid areg,
human health may be seriously degraded. Peopleliving
in the industrial zone suffer from various diseases.
Dweéllersof industrial areas of Khalispur arefacing
varietiesof environmenta problems. They haveto bear
severa costsdueto pollution exposure. The primary
datarevea sthat the respondentsand their family mem-
bersof thestudy areaare suffering from severd water-
bornediseasesand air pollutioninduced diseases. The
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symptom and severity of air pollution related diseases
ishigher than that of water-bornediseases. Thefield
leve dataindicatesthat approximately seventy two per-
cent havewater-borne diseases, whilemorethan ninety
percent of therespondentsare sufferingfromair pollu-

tionrelated diseases.

HD RD SD Ast EP
Disease

N.B.: Cho = Cholera, Dys = Dysentery, Typ = Typhoid, HD =
Heart disease, RD = Respiratory disease, SD = Skin disease,

Ast = Asthmaand EP = Eye problem.

Source: Field survey, 2012

Figurel: Prevalenceof diseasesin thestudy area

HYes =No

Percent of the
Respondent
[ -\ ) 5
o © o © O

[=)

Cho Dys Typ

Themost common weater-bornediseasesinthestudy
areaarecholera, dysentery, typhoid. In addition, heart
disease, respiratory disease, skin disease, asthmaand
eyeproblem are considered asindustrial air pollution
induced diseases. Primary datareved sthat about two-
third of the respondents suffered from cholera, about
half of therespondents suffered from dysentery; while
only about sixteen percent of the respondents suffered
fromtyphoid inyear 2012 (see Figure 1). Morethan
three-fourth of therespondents suffered from respira-
tory and skin diseases and about two-third of there-
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spondents suffered from eye problemsin year 2012.
The dataalso indicate that about half of the respon-
dents have heart disease and about one-third of the
respondents have asthma problem.

Estimation of work-dayslost dueto sickness

Thisstudy usesequation (5) to estimatework days
lost (H) dueto sickness. H representsthe number of
work days lost per person per year due to diseases
associated with air and water pollution. Accordingto
theliterature, thisH dependson M, A, Age, BCJ, Cho,
Dys, Typ, HD, RD, D, Ast and EP respectively. Here,
M and A refer to mitigating and averting activitiesre-
spectively. Agereferstotheage (in years) of aworking
individua . BCJ standsfor bluecollar jobs. Cho, Dys,
Typ, HD, RD, D, Ast and EP refer to cholera, dysen-
tery, typhoid, heart disease, respiratory disease, skin
disease, asthmaand eye problem respectively which
are considered asthewater and air pollution related
diseases Anindividua who hasachronicillnessismore
susceptibletoair pollution exposureandislikey tohave
higher medica expensesand higher number of work-
dayslost.

The primary dataindicatesthat on an averagemore
than thirty two days of therespondentsarelost dueto
sicknessinayear. TABLE 2 listssimple correlation
coefficientsamong thecong dered explanatory variables
of equation (5). Thecorre ation coefficientsindicate how
strongly thevariablesare correl ated. In case of moder-

TABLE 2: Simplecorreationsof thevariablesin thewor k dayslost model

H M A Age BC] Cho Dys Ty HD RD SD As EP
H 1 - - - - - - - -
M 022 1 - - - - - -
A -027 116 1 - - - - -
Age 021 -219 -158 1 - - - -
BCJ .163 -114 -249 061 1 - - -
Cho 374 212 -153 -110 .211 1 - -
Dys .236 -165 -046 .083 .167 -061 1 - - - -
Typ .098 -018 .100 .127 -081 -009 -013 1 - - - -
HD 178 .008 -120 219 -059 ~-088 .084  .003 1 - - -
RD 173 .092 .083 -127 -151 004 .028 -047 .139 1 - -
SO 282 -112 .03 -091 -069 .085 211 -130 .055 213 1 -
A¢ 138 012 -052 -132 -177 -012 -135 -185 -026 -004 .007 1 -
EP 132 -098 .066 -085 ~-102 -057 -081 -092 -148 -103 022 -018 1

N.B.: M = Mitigating activities, A = Averting activities, BCJ = Bluecollar job, Cho = Cholera, Dys= Dysentery, Typ = Typhoid, HD
= Heart disease, RD = Respiratory disease, SD = Skin disease, Ast = Asthma, EP = Eye problem.

Source: Authors’ calculation
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ately correlated explanatory variables, asisthecasein
our study (TABLE 2), theimpact of multicollinearity is
not too severein estimating the standard error of the
estimated fis.

TABLE 3ligtstheestimation resultsof equation (5).
All of the considered 12 explanatory variablescome
out with theexpected positivesigns, dthoughnot al the
vaiablesaregdatigticaly sgnificant. ThevariablesChol-
era (Cho), Dysentery (Dys), Asthma (Ast) and Eye
problem (EP) are statistically significant at 1 percent
level, Bluecollar job (BCJ), Typhoid (Typ), Heart dis-
ease (HD) and Skin disease (D) at 5 percent level
and Respiratory disease (RD) at 10 percent level of
sgnificance
TABLE 3: Coefficientsof theexplanatory variablesin the
work dayslost model

Variable Co-efficient Std. Error

M 2.05 3.97
A 2.29 2.39
Age 0.10 0.11
BCJ 6.00** 251
Cho 11.28*** 254
Dys 6.41*** 2.36
Typ 8.19** 3.16
HD 5.97** 2.36
RD 5.39* 2.73
D 6.78** 2.86
Ast 8.01*** 241
EP 8.17*** 2.49
Constant -11.00 8.19
Adjusted R square 0.372

F statistics 6.133***

N.B.: *** p<0.01, ** p<0.05, * p<0.1; Dependent variable: H =
Work days lost; Explanatory variables: M = Mitigating
activities, A = Averting activities, BCJ = Blue collar job, Cho =
Cholera, Dys = Dysentery, Typ = Typhoid, HD = Heart disease,
RD = Respiratory disease, SD = Skin disease, Ast = Asthma, EP
= Eye problem.
Source: Authors’ calculation

Thedatigticaly sgnificant resultsindicatethat dl of
the considered diseases, such as cholera, dysentery,
asthma, eye problem, typhoid, heart disease, skindis-
easeand respiratory disease have significant influence
on the dependent variable, thework dayslost. Since
these diseasesarewater and air pollutionrelated dis-
easeswhicharedirectly linked withindustria pollution,
therefore, thestudy findingsindicatethat industria pollu-
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tion has asignificant impact on work dayslost. The
vauesof adjusted R squareand F-va ue show that the
overdl regressonisgatigticaly sgnificant.

CONCLUDING REMARKS

Industridizationisrapidly growingin both devel-
oped and devel oping countries over the time period
dueto socia progress and technol ogical advances. It
leadsto not only increasein volumeof production, but
also generate pollutionknown asindustria pollution.
Thereisatrade-off betweenindustria growth and en-
vironmenta quality. Bangladesh, asovereign statelo-
cated in SouthAsiaisa so facing that trade-off while
tryingto catch up with theglobd trend. Like other im-
portant citiesof the country, Khulnaisa so comprised
with agood number of industria units. Khulnaisthe
third largest industrid city of Bangladesh. Approximatdy
593.1 hector (4.48 percent) land of Khulnacity isused
for industrial purpose®?. Khalispur, the study site of
thisresearchisan urban thanaof Khulnacity corpora-
tion which is the largest jute industrial area of
Bangladesh. Severd largejutemills onenewsprint mill,
one hardboard mill, two steed millsand Khulnapower
station areSituated in thisdensaly popul ated Khalispur
region. A significant number of peoplelivinginthe
Khalispur industrial areaareworkinginvariousindus-
trid units

Jutemillsinthe study areaare producing various
jute based products and generating solid and liquid
wastes. These millsdischargewastes directly into the
nature and pollutethe surrounding environment, since
none of themillshasany wastetreatment plant. Small
fiber particlesof juteand jute products contaminatethe
air of the study site. Khulnapower plantisathermal
power plant, which generatesgaseousand liquid wastes.
Gaseouswasteisdisposed into air which generatesair
pollutionand liquid wasteisdischarged in nearby river
which degrades water quality. Thispower plant dis-
chargesfluegasinto air at 170-400 degree centigrade
temperature. Duetotheemissionsof fluegasfromthis
power plant, ar iscontaminated with excess veamounts
of carbon dioxide, carbon mono-oxide, black ash and
sulfur dioxide. Thestudy areaisnot agood choicefor
residential useassevera large-sized industria plants
areoperating there. The pollution generated from the
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industrid unitshas adverse effectsonindustria work-
ersand onthemass peoplelivinginthevicinity of the
indugtrid firms.

The primary survey findingsindicatethat the eco-
nomic condition of the surveyed householdsisnot so
good. A mgjority of the respondentsbelongto middle
classfrom economic viewpoint. The primary dataindi-
catethat amajority of the respondents have been suf-
fering from air and water pollution related diseases.
Approximatdy seventy two percent of the respondents
have suffered from water-borne diseasesin year 2012.
In addition, more than ninety percent of the respon-
dentshavesuffered from air pollution related diseases
inyear 2012. Thisstudy considerscholera, dysentery,
typhoid, heart disease, respiratory disease, skindis-
ease, asthma and eye problem as the water and air
pollution related diseases. The presence of moderate
correlaion among explanatory variablesof themultiple
regression, asinthecase of thisstudy, theauthors pro-
ceed with the health cost estimation model. The esti-
mationresultsindicateadatistically sgnificant postive
relationship of most of the cons dered explanatory vari-
ables, such ascholera, dysentery, asthma, eye prob-
lem, typhoid, heart disease, skin diseaseand respira-
tory disease on the dependent measure, thework days
lost. Suchfindingsclearly indicatethat industria pollu-
tionsgnificantly influenceshouseholdleve cost of people
livinginthesurrounding aress.

Industrid pollutionisaseriousconcernfor thestudy
areaand it isgetting monstrousover thetime. Itisal-
ready abig threat to the saf ety and hedlth of the people
whoareworkingintheindustry and/or whoarelivingin
thevicinity of theindustrid units. Tofully copewiththe
problem, concerned all stakeholders need to work to-
gether. Awarenessrising among theworkers, firm own-
ersand managers, and the masspeopleof theareaisa
preliminary but important step for handling the prob-
lem. Aswastetreatment plantsareadmost absent inthe
study area, anintegrated effort inthisregard might help
tofight with theburning problem of industrid pollution.
Theindustrial wastesthat are discharged without any
treatment process havedirect, multi-fold and far-reach-
ing consequences. Therefore, thisstudy suggestsfor
initiating wastetreatment plant establishment a the ear-
liest possibletime. Thismight reducethe cost of waste
treatment dueto scale of economies. The government
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and theindustry ownersneed to work with full co-op-
erationinthisregard. Suchinitiativesmight helptore-
ducethehedth cost of industrid pollution. However, as
thisstudy isbased on the data collected from asmall
sampleof aregion, therefore, the study findingsneed to
be carefully interpreted. Further study and research
covering all other aspectsrelated to the study topicand
study on other industrid areasof the country isneeded
beforetaking any initiativefor generalization of study

findings
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