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Abstract

Stunting, a manifestation of chromalnutrition, is widespread in IndiaThis coupled withbiased
preferenceof parents towards their eldest sdvasled to stuntingand underweightemong girls

that grows sharply with increasing birth ordéhe study the impact afinenvironmentalwater
pollutant onstunting and underweighin arsenic contaminated regioms India. Using a large
nationally representative household survey and exploiting variation in soil textures across districts
as an instrument for arsenic, we find that arsenic exposure beyond the safe threshold level is
negtively associated with Heigtibr-ageand Weightfor-age Negative effectare largeifor girls

who are born at higher birth orders relative to the elder dNélsin India analysisshows that the

effect of arsenic contamination tealth outcomeamong girls is comparatively higher in regions

and communitieswith high preference for sohis, we argue, suggests that thek of adequate
nutrition and health care during early chidhood can make girls more vulnerable to external

environmental hazasddue to their lower immunity and under developed bodies.
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1. Introduction

Across the globepne out of every four children under the age of five suffer fromergestunting

(UNICEF 2017) More than 30 per cden tve iofndaWhild $udtihgg st un
which is associated with chronimalnutrition has long lasting effecton health and overall
development of child. Stuntedchidren fall sick more often, are more likely to have learning
difficulties, under perform in school and thus, have reduced future ea(Gilmyswe and Miguel,

2008; Barker et al., 1993; Case and Paxson, 2008)

Stunting, as measured bgw Heightfor-Age z-scoregHAZ), is caused by lonterm insufficie nt
nutrientintake and frequent infectionsStudiesin India suggestthat height disadvantage among
chidren increases with steeper birth order gradient, particularly among gmis height
disadvantage aterializes at second birth order and increases thereon with increasing birth order
(third and higher).This might be due to biased preferemo€ parentstowardstheir eldest sons
which in turn affecstheir fertiity decision and resouradlocation across chidrer{Jayachandran

and Pande, 2017; Jayachandra and Kuziemko, 20t#E)qualintra-householdallocation of health

inputs made availble on the basis of gender and birth orderthus a majordeterminant of

nutritional statusf children

Numerous studies havavestigatel the relation between gender aobid growth indicatos
(height and weighta s det er mined by their respective s hi:
However,in addition toadequate nutrition, safe drinking water aansndispensable input to child

health. Across the world, more than 2,000 chidren under the age of five die everfyamay
gastrointestinal diseases. Out of these deaths, 90% are attributed to unsafe water consumption
(UNICEF, 2013).All things held constnt the effect ofdrinking contaminated watemn child

health outcomes should not differ by gendéowever, in the presence of gender bias, girls might

be more likely than boys to be adversely affected by environmental pollutants in drinking water.
Lack of adequate nutrition and health care during their early chidhood can make girls more
vulnerable to external environmental hazards due to their lower immunity and under developed
bodies. To the best of our knowledge, tudy has addresdthe role that @nder plays in the

relation between chid health and accessate drinking water.



In this paperwe investigatethe impactof exposure t@rseniccontaminated groundwaten child

health outcome# India. Overconsumption of arsenic can lead to fagdlth outcomesuch as
kidney and heart failure, mental llnesses, cancer;related diseases, and adverse pregnancy
outcomes Children are more susceptible to arsenic because of their lower immunity levels and
relatively higher proportion of body water compared to adults. Moreover, epidemiological
evidence suggests thatseniccrosses thelacentaand adversely impacts healthutero and later

in life (Rahman et al. 200Rile et al. 2016).

While there is epidemiological evidence that arsenic affects chid gromtttomesWatanabe et

al. 2007 Minamoto et al. 2005 we argue that in the presence of gender bias, gay be more

likely than boys to be adverseippactedby drinking arsenic contaminated wat€his is because
nutritional deficienciesincluding shorter periods of breastfeedingght exacerbate the adverse
impact of environmental exposure to arsenic on health outcfffale. arsenic is known to readily

cross the placenta, exclusive breastfeeding protects infants against arsenic (Fangstrom et al.
2008)2Thus, if girls are less likely to be breastfed or given adequate nutrition in childhbed,

adverse health effects of arsenic exposure can be more sevemggirls.

Using geographical variation in arsergoncentration in watemwe estimate thessociation
betweenarseniclevels andchild health outcomes (stunting amaderweight)in India. But relying

on regional \ariation in groundwatearsenic levels is problematic duetie correlation between
concentration levels of arsenic in groundwater and economic activity of regionnsimce,
agriculturally dominant regions in India havagher levels of arsenic contamination in
groundwater. This is primarily due to overexploitatioh groundwater, ste naturally occurring
arsenic dissolves out of rock formation when groundwater level drops significantly jEMada

et al. 2007). To overconthis identification chalenge, we use an instrumental variable framework
in our analysisOur data is sourceddm the 201516 round of the National Family Health Survey
(NFHS4).

1Arsenic poisoningpr Arsenicosis, is a chronicillness resulting from drinking water with high levedssehicover a period of

time.

2Consistent with thisdllowing an arsenic awareness campaign in Bangladesh, Keskin, Shastry and Willis (2017) find that mothers
were more likely to exclusively breafted infants and for longer. These babies had lower nigrtates and fewer episodes of
diarrhea during childhood.
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We use the variation in fraction of clayey soil textures across districts \aittate to instrument
for arsenic levels in groundwater to measure its impacthidd health Finer soissuch as clay
have relatively higher particle density and are less porous than coarse sandy soil which increases

the concentration of contaminated water (Mc Arthur et al, 2001).

Instrumental variable estimates indicate that exposure to arsenic in groendaatnegativand
significant impact on HAZamongchildren &ss than five years of agegardless of gendefo

test if the effects arlarger among girlsdue to a nutritional disadvantaggelowing Jayachandra
and Kuziemko (2011), we study the effe€tbirth order on the association between arsenic and
health outcomes/Ne find thata one standard deviatiancreasen arseniclevels in groundwater
leads taa reduction iNHAZ by 0.035(2.11 percentand 0.061(3.67 percentstandard deviatios

for thesecond born and third bogirl child, respectivelyrelative toamale child born at first birth
order3Thesedfindings are robust to the inclusion of district level controlswieatheywater quality
measures, pattern of cultivation, education qualty iscome Further, wefind similar negative
effects of arsenic oweightfor-age (also calledunderweight amonglater born girlsas compared

to the eldest sonThese resulthold consistent even after accounting for all district level controls.

The gender bias in nutrition and resource allocation has been extensively researched in India
(Gupta 187; Behrman 1988; Jayachandran and Kuziemko 2011; Jose 2011; Fledderjohann et al.
2014; Jayachandran and Pan@817 Pande 2019 Son preference in India cdre explainedby a
combination of economic, religious and sociocultural factors suchtelmealty and patrilocaty
associated with theindu Kinship system (Dyson and Moore 1983). Moreowgreritance rights

are in favor of sons and religious ritesHinduism, includingdeath rituals areconducted only by
themale heir (Arnold, Choe and Roy 1998).

Consistent with this hypothesis, we filgtterogenous effects of arsenic exposure by sex ratio,
religion, caste and urban/rural status. In particulae,adversesffectsamong later born girlare
relatively largerin districts with negatively skewed sex ratiwhere patriineal Hindu kinship

8Jayachandran and Pande (2017) attribute the disadvantage of being a later born daughter in India to two effgirts wFitst,
are born at higher birth order have older sibligsh an increasd likelihood of having an older brothérhiswould lead to a

“sibling rivalry effect” with a | aomleeboy shildaThesecorfd méctarismhiso us e h o |
fertility stopping behaviorelated o thedisadvantagassociated with beinglater born girl ina family with no boys Parents with
only daughters would be keenon havaiggon, i rrespective of their desired family si

asanegative income shock and thus limitedome will be spent othem
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system igmost likely followed (Gupta 1987)Adverse effects are also larger Hindu households

compared toMuslim householdsand households located in rural locations.

Finally, existing studies finds that children born at higher birth orders have a higher probability of
being from a large size famiywWe conduct robustness checks where we separately acoount f
family size and birth order effectEhe results are robust the use of gender of the first born as

an instrument fofamiy size.

Our findings contribute to theunder studied link betweegender,environmental polutants and
chid growth measuredo the best of our knowledg#is is the first studyto explorethe role of

genderin the relation betweeanvironmental pollutant@andchild healthoutcomes

The remainder of the paper is structuees follows: Seddn 2 revievs the existing literature In
section 3 we provide a detailed description of the dataset followed by the empirical framework
presentedin section 4. In section 5 we report the primary findings of our stuckding
heterogenous effects and robustness cha@dly, insection 6 we give concluding remarks and

policy implications of our analysis.
2. Literature review

This paper is relatei the literature thadtudiesthe imgact of gender discriminatiprmeasured by
unequal parental investmenton chid health Although such difference might prevail in both
developed and developing countries, but the magnitude is quite significant for developing
countries (Lundberg 2005Chung and Das Gupta 2007For instance in Ghana,Garg and
Morduch (1998) find that higher birth omdehildren experience more stunting and are more likely
to be underweight as compared to their elder sibling, particularipeifelder chid isa son,

suggestingparental differences in seurce allocation amongpns and daughters

Jayachandran and Par{@®17) examine variation in provision pfe-natalandpostnatalhealth

inputs across birth order gradient. Their findings suggest that parents allocate more prenatal inputs
during a pregnancy when they do not have ang. Surprisingly, theauthors fi areverse pattern

for postnatalinputs such awaccinationand duration obreastfeedingwhen the elder child ia

girl. Jayachandra and Kuziemko (2011) show that mstieth no sors or fewersons who want

to conceive again would limit their breastfeeding duration for new born dauglherauthors



argue that lower rate of breastfeeding for girls increases their vulnerability to water related

contaminants and thus, in turn increases their morteditg.

Our paper is also related to the literature on the effect of environmental pollutarmisaldm
outcomes of chikkn Epidemiological studies have established thatiylife environmental
exposure play a role in growthoutcomes(Walker et. al. 2007)In economicsmost studies have
focused on the negative health outcomes of air pollution (AGmuoez et al. 2012)-oster et al.
(2009) evaluateheimpact of clean industry certification program on pollut@and consequentially
onrespiratory diseasemmonginfants in Mexico Goyal and Canning (2017nd negative impact

of air pollution on irutero health and other chid growth indicators in Bangladesh.

A handful of papers have looked at thifectof drinking contaminatedvateron child health in
developing counies Kile etal. (2016) show that motlewho drank arsenic contaminated water
during pregnancy were more likely to give birth to Jaeight infants.Greenstone and Hanna
(2014) stug the relation between environmentadgulations (air & water) and infant mortality in
India. Theyfind thatregulations related to water pollution han@effect on infant mortalty rates
Do et al. (2018) show that curtaiment of industrial pollutionthe River Gangesled to lower
inciderces of infant mortality in IndiaBrainerd and Menon (2014study theimpact of harmful
chemicals released in watea fertiizer useon infant mortality and chid health outcomes and

find that exposure to fertiizersluring pregnancyas anegative impact on child health outcomes.
3. Data and Data Source

Our datacomedrom Demographic and Health Survey (National Famigalth Survey, NFH&,
201516), administeredy theMinistry of Health and Family Welfare (MoHFW5overnment of
India (Gol). NFHSIis a nationally representatidatase that comprise®f 1,11,667 children who
belong to the age group of O toThe surveyprovides information on keydemographics health,
nutrition andrelatedemerging issuem India. Itis the only dataset thatovides information on
anthropometry measures suchhaght and weight of children in the age group & Yearausing

z-scorescalculatedn accordance withVHO guidelines

To assess thmpact of water pollution on childhealth we usetwo measures of child health. First,
we studyHeightfor-Age (HAZ) for childrenin the age group of O toyears HAZ is acommorly

usedyardstickto measure stunting or nutritional status of child(®eaton and Drez2009) It is
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a cumulative measure of nutritional dearth from birth or conception onweamdss the best
aggregate measure of malnutrition among childietis correlatedwith outcomes at later stages
of life. Stunting is linkedto underdeveloped brainbwer retentio and reduced leaing ability

thatadversely affestproductivity and earning capaciof an individual

Apart from stunting, w also study the effect of arsenic contaminationurmterweightmeasured

by Weightfor-Age z-scorefWAZ). Underweightis asymptom of acute malnutrition andaslire
consequence of inadequate intakdéood or high incidence of infectioudiseases such as diarrhea.
Stunting andinderweightare aspects of malnutrition that are closely linked to each other. Presence
of both stunting andunderweightin achild intensifies the risk of mortalityBriend et al. 1986
Waterlow 1974

Figure 1 plots the HAZ scores by birth ordamong boys and giridt is clear from the figurehat
HAZ among girlsdecreases with increasing birdider. In particular, thgpercenageof girls who
aremoderatly or severdy stuned increases with birth ordérFor instanceat first birth order
approximately 10 percent of girls suffers from severe stuntihgh at later birth order increases
to 12 rcent and 15 percent forand 3+ birth oder, respectively Similar patterns visible for
boys Similarly, figure 2 shows that th@ercentage of girlsvith moderateto severeunderweight
increasesvith increasing birth order. Birth order effecis stunting andunderweightreflects the

poor nutritional status among gidend boysparticularly at higher birth order.

The average HAZANnd WAZfor our sample is1.66 and-1.64 respectively The NFHS data also

includes a host oindividual, household and family background characterisfid® summary

statistics of the variables that are included in our analysis are shdwblén 1.The data is gender

balanced with girlscomprisng 48 percent othe samplevith an average age o¥ 2Znorths While

34 percent othe sample consists of chidren at first birth order, 29 pereeatat second birth

orderand 37 percent of children are at higher than second birth @d&r. per cent of mot
uneducatedwhie 68 percent are educated (14 pergamhary, 39 percersecondary and 9
percenthigher and above). The average age of metimethe samplés 27 years. More than three

fourth of our sample comprises of rural househeidh 31 % scheduled cas{&C) andscheduled

tribes (ST) and50 % belong to other backward classes.

4 Moderate stuntingefers to HAZ thatie between-1 to -2 while ®vere stuntingmplies aHAZ of less than3.
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3.2 District level Control variables

Data on total productiomnder rice and wheat production is obtained from Ministry of Agriculture
and Farmer’'s Welfare. D a tlrgianf Meteorological rDepartment i s p
(IMD) at district level in Indiawith amean valueof 79.24mms District level sex ratiand lteracy

data is acquired from the 2011 Census of Indllae average sex ratio and literacy rate in our
estimation sample is 82and 68 percent respectivelijo control for district level gross domestic
product,we also use data on Monthly Per Capita Expenditure (MPCE) frémog®d of NSSO

(National Sample Survey Offices a proxy for district level GDP.

Data for the level of arseniand ironin groundwater is provided hwhe Central Ground Water
Board. Folleving the WHO qguidelines, the Bureau of Indian StandardS)(Bas notified a
standard ob0 egL—1 (microgram pelter) for arsenic in drinking water. The level of arsenic in
groundwater is aggregated at the district level from block level Tageappendix provides a map
of arsenic affected regions of Indi&/e restrict the analysis to only those states where the presence
of arsenic is measured beyond the threshold limit in at least one dBtiicinal datasetcomprises
of 73,160 children under he age of five across 9 arsenic affectedtstmand 261 districts, where
105 districts are arsenic affected and 1&i®& norarsenic affected districts. As shown in Table 1,
the average level of arsenic BH07.32microgram per literacross districts in India, remarkably
higher than the threshold limitApart from arsenic, mean level of iron is 1.6 mg/l as indicated in
Table 1.

The data on soil texture @ébtainedfrom Harmonised World Soil Database (HWSD) which was
established in July 2008 by tifeood and Agricultural OrganisationFAQO) and International
Institute for Appled System Analysis (IIASA). HWSD global soil database framed within a
Geographic Information System (GIS) and contains updated informatiomordoh soil resources.

It provides data on various attributes of soil including texture and composilsireported in
Table 1, e average clayey soil across districts is approximately 28 percent.

4. Empirical Model

Weinvestigative whether exposure to arsenic has an impact on growth of chidren as measured by
Heightfor-Age (z scoresand Weightfor-age (z scoresYhus, we estimate théollowing OLS
regressiorseparately for boys and girls
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We are interested in measuring the effect of arseniworotitcome variablesheightfor-age and
weightfor-height of child i in district d of states as givenin equation (1). The main explanatory

variable isArsgswhich indicates theoncentration level of arsenic in groundwater in distlieind

state sé mgpresents vector of controls for individual level characteristics (gender, age and age
square), mot her charact er i s lyibaclgrouhdmhdrdcteristcss e d u
and socieeconomic characteristiqseligion, castefamily sizeandplace of residenceyVe also

control for district level controls(m y for rainfall, pattern of cultivation, presence of other
contaminants(iron),> per capita consumption expendityresex ratioand literacy. Finally, we

include state fixed effectin our regression analjdisteroskedasticity robust standard errors are

clustered at th® SU (Primary Sampling UnitgvePp.

Estimating the effects airsenicon nutritional outcome# equation (1)using regional variation

in arsenic levels, igproblematic sincethe intensity of economic activities in a regiomy be
correlated with arsenic concentration levels. In areas with high economic activitgxuiegéation

of groundwater is a major cause of arsenic contamination since naturally occurring arsenic
dissolves out of rock formations when groundwater levels drop significantly (Madajewicz et al.,
2007). Hence, to overcomeetissue of endogeneity, wesel an instrumental variable approach.

4.1 Instrumental Variable Approach

Arsenic concentration is higher aglayeyrelative to coarse soithus we exploit the variation in

soil texture across districts within a state to instrument for arsenic groundeatmination.

Finer soils have relatively more particle density and lower porosity levels and as a result, their
permeability level is relatively lower than loamy sahich faciltates arsenic concentration in
groundwater(Mc Arthur et al. 2001; Madajécz et al. 2007).Figure 3 provides the visual

evidence for thepositive correlationbetween arsenic and soil texture.

Thefirst stage equatiors given by

> Additional robustnesshecksin the appendix controls ftuoridesand nitrats

6 PSUWs (Primary sampling unitire unique and smallest working unit in NFHSsurvey. It has well defined and identifiable
boundaries andepresents either a village (rural) or census enumeration block (u@anjindings areobust to clustering at the
district level instead of PSU.

"Loamy soil mainly consists of higher proportion of sandy and silty soil relative to clayey soil.
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We instrument arsenic soil contamination us®wilsi.e. the percentage of clayey soil in district
d. Rest of the specification is sameiasequation(1) above.The main identifying assumption is
that sail texture fractions affebealthoutcomes only through the impact on the level of arsenic in
groundwate®p.

A threat to identification is thahcome might be affected by pattern of cultivation which is
determined by soil texture. For instanae India, water intensive crops (rice) angtigated in
areas with clayey soil due to its water retention capacity unlke sandyAsaile show in the
results our regressianare robust to the inclusion diktrictlevel ratio of rice to wheat production
Further, we also ifade sex ratio (measad at district level) as soil texture caffiect economic

outcomes through relative female to male employment rates (Carranza 2014).

An additional threat to our identification strategy exists if clayey soil varies with other weather,
geographic or demogphic factors and these might affect economic outcomes. We provide
evidence of no correlation betweproportion of clayey soind several district level indicators

of weather (rainfall and temperature), other contaminants (nitrate and fluoride), ecaomic
demographic factors (monthly per capita expenditure, rice to wheat production, literacy, sex ratio,
usage of fertiizers), condiional on state fixed effé@isere is significant difference by soil
permeabilty in iron,asdistricts with higher ironalso have higher proportion of clayey soil (and
thus more arsenicHoweverthis would be against finding a negative impact of arseniweatth
outcomesand if anything, underestimate our findinghere is also a positive correlation between
rainfall and clayey soil. Thougthere is no direct effect of rainfall on soil permeability levels as
both are exogenous nature but both can combinedly determine the level of groundwater and

presence of caaminated metals in groundwatér.

8Note that whilegroundwaterarsenic levels could also rise through increased use of fertilizers, the literature suggests that use of
fertilizers does not alter the physical properties of soil (Carranza 2014). Unlike commercial crops like rice and whizabaaese
pesticides are applied in specific crops such as fruit trees, potatoes, vegetables and berries. Use of such |igtt mlidrssome
properties of superficial soil (upper most layer of soil), but not the subterranean soiled used in our analysis.

9 Results are reported in Table A.2.1 in the Appendix.

10 If the amount of rainfall is less than the soil can absorb, it wilnéiltrate; there will be no ruroff or no discharge of water in
the ground.But if rainfall is more than the absorption capacity of soil (defined by soil permeability level), there will be more
discharge of water.
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To check if health effects of arsenic exposure vargdnyderand birth orderwe alsoestimatethe

following OLS and first stage equations, respectively:

-BE ™ >N ] a™ =rav]  pm, - Ny
R e e Ll T

' ow¢)

Where, - B |k an®hdicator fomchild i whose birth order is 2. Similarlyg O &hild indicates
whether the chid born is at®®r higher birth ordersChildren born at first birth ordegiretaken
asthe base categorin our analysis Here, the main coefficient of interest to be estimated is
>un, - W2 Jaa®
Bespectively. Xigs accouns for individual, maternal and family

® AT & x E EA@Asociated witlthe three way interaction= raw
=ru% ] e, >R
background characteristies explained earlieAll regressions includelistrict level controls ()

andstate fixed effectS). Heteroskedasticity robust standard errors are clustered BBl ve.

There might be a potential sourcelmfsin the above estimatekie to family size. Existing studies
finds that dildren born at higher birth orders have a higher probabiity of being from a large size
famiy. Further, &mily size and resource allocated to each child are highly correlated and which
might in turn could affect the health outcomes of chidren (Kugler kinmar 2017; Booth and

Kee 2005) For instancesiblings in a poor family are less likely to receive equal share of available

resources allocated by parents towards their chidren health and education.

As a robustness check, vatsocontrol forfamily sze measured by theumber of childrerunder
the age of five inthe householdn the main regressions. To overcome the issue of endogeneity
of family size we usethe gender of first child aaninstrument for famiy size. Having girl as

first child is postitively associated with family sizparticularly in the presence of son preference,

1 The NFHS does not give informatiom the total number of children of all ages in the household or the total family size
inclusive of adults. Anthropometric data is only measured for households with children less than five years of age.

11



asparents wil continue to have more children until desinethber ofboys are born in a family
(Pande and Aston&007). Further, gender difst child is exogenougl determined andghould

affectchild health outcomes only through famiy size (Kugler and Kumar 2017).

To determineif the health outcomes of arsenic exposure varjabyily size and birth order, we
control for family size andun the regressionseparately by gendér We usethe gender of first
child asaninstrumentfor family size We estimatehe following OLS andfirst stageregressios

separately by gender

T e i d Lol FLL A T
v-‘H'=I=€ 'I‘H'éaer = v ‘" Yy (5)
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Where5 +£0v  isghe size of the famiy measured by the number of chidren under the age of
five in ahousehold This variable is instrumented Ryy = ™y * »avbinary variable fothe gender
of the first born child in a householdhich takes the value of fbor girls and O for boysAll other

variables are same as in the previous regressions.
4. Results
4.1 Arsenic and child healtby gende

We first show results foDLS estimagsusing equation1). Column 1 and Column ZTéble 3

shows OLS estimatesf the effect of arsenic dHAZ andWAZ, respectively Children who belong

to arsenic affectedistricts have lower heightor-age. OLS estimates are significant but sreaaid

a one standard deviation increasearsenic, reduceBlAZ by 0.002 standard deviation units
(Column 1, Table 2)OLS Estimates for WAZ shows that arsenic exposure is associated positively
with weightfor-age (0.003 standard deviation).

In Table 3 westudy whether the impact of arsenic on stunting and undigihw variesy gender.

Higher exposure to arsenmmontaminated wates positively associatedvith stunting among girls

12werun the regressions separately by gesitere oninstrument for family size (gender of first child) wiltherwisebe perfectly
collinear with our main explanatory variablesru¥%? |  »uit, = <3| | u®

12



(0.003 standard deviatiohut not boys However, in case of underweight no such evidence of
gender difference ®undin Column 3 ad column 4(Table 3).A one standard deviationcreases
in arsenic leads to increase in Wei@ht-age by 0.08 standard deviation unitsegardless of

gender

To overcome the issue of endogeneiye use amstrumental variable approackiherevariation

in soil texture across districts withia stateis used as armnstrument for arsenic levels in
groundwater. The first gage regressiomesultsin Table 4shows a positive and statistically
significant relationship between arsenic and smifture (clayg soil). The Fstatistic ©685.49
suggests that solil texture is a strong instrument for arsenic levels.

The IV resultsfor HAZ, shown in tableb, indicatethat the OLS is severely downward biaséd
one standard deviationncreasesn arsenic leads to decrease in hefgitage by 0028 standard
deviation units which translates ad.69 percentdecline relative to the mea@olumn 2 of Table
5 indicates that higher level of arsenic exposure is positively linked to undenasigid (0.018

standard deviatior- 1.09 percent

We furtheranalyzewhether the effect of arsenic on stuntagdunderweightvariesby gender As
is evident from columnd and2 of Table6, there is no difference by gender in the effect of arsenic
contamination on HAZOn the other hand;olumn 3 and 4suggests thadrsenic hasa negative
andsignificant impact oWAZ (1.09 percentsignificant at 5 percent level of significanceilike

the OLS resultsBut there are no gender differences in the effect of arseninderweight.

While the resultshowthat arsenic has an adverse effect on sturdind underweightthe simple
gendersegregated regressions do not indicate that girls are worse off tharmbaygamine this
further, we study ithe effect of arsenic on heigfdr-age and weightfor-height varies across birth

orderand gender
4.2 Arsenic and child health across gender and birth order

Unlke OLS estimateslV results in column 3 of Table 7suggestthat girls in arsenic affected
regions havehigher height disadvantag¢han boys, and the effecse magnifiedfor later born
girls relative to theeldest A one standarddeviation unit change in arsenic leads decrease in

heightfor-age (stunting) for secondand third (or laterorn girls by 0.015 and 0.@6 standard

13



deviation units which is equivalent @90 percent an®.77 percent respectively. Significance of

our estimate for third (or later) born girls indicates that stunting in girls incsaatbesteeper birth
gradient. These estimates arebust to theinclusion of variousdistrict level catrolsts. The IV
coefficients are not sensitive to the inclusion of district level controls, as can be seen from
comparing columns 2 ar8l This gives further credibility to the exogeneity of the instrument.

We find similar IV results for Weightor-age as shown in columr of Table 7.1V estimates on
WAZ indicates that a standard deviation unit increase in arsenic is accompanied with decrease
weightfor-age (underweight for second and third (or later) born girls @p24and0.041standard
deviation units which is equivalent tolb.percent and®.5percent respectively.

When the concentration of arsenic in groundwater increases dorngirls (born at higher birth
order) experience more stuntingnd underweightthan their older sibling(lower birth order,)
particularly if the elder sibling is malélhis could be explained bthe sibling rivalry effeci.e.
having arolder brother limits the availability of essential nutrients along with other healthsnput
to later born daughters in the fam{ifledderjohann et al., 201¥ictoria etal. 198y, To support

this hypothesis, we nexgtudy theheterogenous effects of arsemipesure on health outcomes
4.3 Heterogeneous impact [8ex Ratio

Within India, we next examinethe heterogenous impact of arsenic by sex ratbere sex ratio is
defined as the number of females per thousand males in the populatioording to the2011

Census of India,here were about 7.1 milion fewer girls than boys under the age of six in India
Child sex ratios are skewed prenatally due to sex determination and sex selective abortions and
postnatally through neglect of the girl child whigtlads to higher female mortalityrhus, alow

sex ratio isoneindicator of gender selection or gender bias in favah@male child.

We divide thesample into two groupbased on the mediadistrict sex ratioand estimate the main
regressions separatdbr households located in districts below mediax ratioand thosdocated
abovemedian sex ratid. IV estimates in Columi of Table8 shows thaexposure to higher levels

of arsenic leaslto significantly lower weightfor-age for second (0.016 standard deviatiod.97

13 All our findings in this studyarerobust to inclusion of family sizehough we address this in detail in section 4.6.

4 The two groups are formed on the basisvafdian sex rationhere first group represents those children who belonggions
with poor sex ratio (below 922) anlde second group represents those caildvho belong téavorable sex ratio regions (above
922).
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percent) and third (or later) born girls (0.143 standard deviation which translates to 8.72

percentagesignificant at 1 percent level of significancelhe coefficient for third born girls is

more than three tingelarger compared to the regressions estimates in Table 7. On the other hand,
the effects are zero and insignificant in regions with above median sex ratio. Atthe same time, we
find negative but igignificant association between arsenic exposure andttieighge for later

born girls in regions with sebelow median seratio.
4.4 Heterogeneous impact bgligious & cultural beliefs

We further explore the role of social and cultural identity manifested via different religious beliefs
practiced in India.Table 9 examinesdifference in stunting across two different religion groups
(Hindu and Muslims). Relative to Islam, Hinduism places greater emphasis on having a male heir
so as to fuffil social rituals. Son preference is less prevalent amongst Muslenadex® by less
skewed sex ratio and lower gender gap in chid mortalty amongst Muslims relative to Hindus
(Borooah and lyer 2005; Bhaltora, Valente and Soest 2010).

Our findings in Column 1 of Tabl® suggests that for Hindu community, height disadvantage
amongst girls materializest higher birth order(4.04 percent significant at 5 percent level of
significance) compared taViuslims who have muted birth order effert stuntingas shownn
column 2.Furthetr column 3 also indicatethatthe adverse effect of arseron Weightfor-age
aggravates with increasing birth order Hindu girls (3.05 percent significant at 5 percent level

of significance) Thus, the detrimental effect of arsecantamination on ahting and underweight

in India could partially be explained by heterogeneity in cultural and religious beliefs practiced

across various regiornsf India.
4.5 Heterogeneous impact household locatiorfrural or urban)

Next, we study whitier theprevalence of stunting is high&r rural areas relative to urban regions.
Our results in Column 1 and Column 3 (Tall® &uggests that nutritional status (as measured by
Heightfor-age and Weighior-age) amongst girls orse in rural regionsThe adverse impact of
arsenicosis on stunting.@3 percent)and underweight:8 percent magnifies for elder daughters

in rural households relative to urban households. The primary reason feurhaaldifference in

impact of arsenicosis on nutritional status of children particularly girls might be economic
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inequality. Inadequate provision fdasic amenities such as adequate food, drinking water and

health care might worsen thdang-term economicoutcomesat later stages of life.
4.6 Arsenic, birth order and family size

A key concern with the analysis thus far is that chidren bohiglé¢r birth orders have a higher
probability of being from a large size family. Moreover, famiy size and resource allocated to each
child are highly correlated, which might in turn could affect the health outcomes of chidren. To
address this potentialrgblem, we conduct a robustness check whexecontrol for family &e

and instrument it withgender of first child. As discussed earlier, we estimate the regressions

separately by gender.

The first stage coefficient on the IV for family size is highla®28 (statistically significant at the

1% level). The Fstatistics is 685 suggesting that gender of the first child is a vald instrument for
family sizel>1V results from this specification is shownTiable 1, where column 1 and column

3 provides theV estimates for health outcom¢dAZ and WAZ) for girls. Heightfor-age and
weightfor-age for boys are reported in column 2 and column 4. Our estimates in column 1 shows
thatone unit increase in arsenic exposure leads to significant decrease infoeigge for girls

born at second and third (or higher) by 0.0Rhr(slates tdl.27 percent) and 0.122 standard
deviation (translates to 7.34 percesignificant at 1 percent level of significancegspectively.
Similar estimatesare shown foarsenic exposure amderweight amongst girls born at second
(2.62 percentsignificant at 1 percent level of significancahd third or higher birth order 6.83
percent significant at 1 percent level of significance). We find negative impact of arsisn@mos
heightfor-age (0.004 standard deviatiorsecond born and 0.057hird or higher birth orderand
weightfor-age amongst boys, but timpact of arsenic exposuren health outcomes (heigfur-

age and weighitor-age) amongst girlsis three times guter than for boysven aftemccounting

for family sizeand other related factorsooking at the coeffient on family size, more number of
children in the household has a negative and significant effect on HAZ but not WAZ.

To sum up exposure to highelevels of arsenic lsadverse impact on health outcomes for
chidren but the effect is considerably higher fgirls as comparedo boys particularly the

younger onesThis can be attributedo the lack of adequate nutrition and health care provided to

15 T able not shown but available upon request
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girls during their early chidhood that would result in poor immunity and growtiich in turn
increases their vulnerability thiseased environmenthis is consistent with our findings that the
effect of arsenic exposure is magnified in areas with weeseratio and in rural locations, where
gender norms are likely to be distorted. The negative effectis also larger among Hindu households,
that follow Hindu kinship systems.

5. Conclusion and Policy Implications

Gender inequalityis one of the most funagaental challenge to sustainable development. While
considerable efforts have been made to explore the impacts of gender inequality on women, lesser
is stil known regarding its impact on child health. India is the only developing country where the
underfive child mortaky rates are worse among girls than bégensus, Garnmentof India,

2011) This might be due to discrimination in resource allocation by parents at early stages of their
ives, in the form of shorter duration of breastfeeding, lessernatat health riputs such as
vaccination and supplementary food items.

This paper adds to the literature on gender discrimination and chid healiightighting the

importance oknvironmental factors iwidening the gender gan healthoutcomesUsing alarge

nationdy representative sample cohildren inindia (NFHS, 2015L6), we find thaexposure to

arsenic contaminated water leads toegght and weightdisadvantage among girthat increases

with birth order These estimates indiaedath thhghedawvghua
by their parents, since bogse perceived tgield better economic benefits than girls in later stages

of their life. Due to paucity of resources, boys are given preference in terms of better health inputs

than girls.

Our results show heterogeneousfeet of arsenic exposure acrosgitural normsand socio
economicstatus highlighting the role played by son biased prefersmcenagnifying the negative

impact of unsafe water ohealthfor girls. Despite safe water being amdispensable input to
human healthto the best of our knowledgéhere is no existing research thaisstudied therole

of genderin the relation betweeaccess t@safe wateand child health According tothe World

Health Organization, lack ddiccessibiity of safe water is leading cause of morbidity in India.
Consumption of arsenic contaminated water is likely tabeontributor tol ndi a’ s hi gh
mortality rate of 39 deaths per thousand live births (Assadullah and Chawfiidyy But any
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government polig thatsolely aims to provide safe drinking water will not deliver desired goals
unlessand until thesegolicies are accompanied by equitable distribution of food and other health
care inputs to young children particularly gifd/aterrelated policies would reduce the burden of

diseases to some extent, but lower immunifygirls would remaina challenge.
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Figure 1: Histogram for Height-for-age (z scores) for boys & girls, by birth order
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Note:Theabovefigure shows percentagelndys andjirls whose z scores féleightfor-age (z scores)ecrease with
increasing birth order, as representedh@ihorizontal axisAs per guidelines issued by World Health Organization
children whose zscores are bel@and above3 indicates moderagtuning and z scores below8 indicates severe
stunting.
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Figure 2: Histogram for Weight-for-age (z scores) for boys & girls, by birth order
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Figure 3: Relation between Arsenic (microgram per liter) and (percentage)of clayey soil
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Table 1: Descriptive Statistics and District level control variables

Variable Mean Std. Dev.
Heightfor-age g scores) -1.66 1.63
Weightfor-age(z scores) -1.64 1.18
Arsenic(ug/l) 107.32 481.13
Clayey soil(percentage) 28.23 7.58
Individual characteristics
Birth order(first) 0.34 0.47
Birth order(second) 0.29 0.45
Birth order(third) 0.37 0.48
Age 2.30 1.49
% Girls 0.48 0.50
Maternal characteristics
Mot her ' s educat
lliterate 0.38 0.49
Primary 0.14 0.35
Secondary 0.39 0.49
Higher & above 0.09 0.28
Mot her’' s age 2715 4.75
Family background characteristics
Hindu 0.77 0.42
Muslim 0.18 0.3
Others 0.4 0.20
Scheduled Caste/Scheduled Tribe 0.31 0.46
OtherBackward caste 0.50 0.50
Higher/Upper caste 0.19 0.38
Urban 0.2 0.40
District level control variables
Sexratio (Female/male) 92759 44.20
Rainfall (milimeters) 79.24 4342
[ron (mg/l) 1.60 2.53
Monthly per capita expenditufeupees) 1638166 59202.86
Ratio of rice to whedfproduction) 741.27 10930.95
% Literacy 68.17 8.11

Sample size is N&3,160
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Table 2: Arsenic and Child’s anthropometric measures (OLS Estimates)

Height-for-age (HAZ)  Weight-for-age (WAZ2)

Anthropometric measures Full sample Full sample
(z scores) (@8] (2)
Arsenic -0.002* 0.003**
(0.001) (0.001)
Individual controls Yes Yes
Maternal controls Yes Yes
Family background controls Yes Yes
District level controls Yes Yes
State F.E Yes Yes
Observations 75,371 75,371

*Robust Standard errors in parentheses (***p<0.01, ** p<0.05, * p<0.1). All regressions include state fixed effects
anddistrict level controls for sex ratioainfall, literacy pattern of cultivation, iron and gross domestic product.
Individual | evel controls (age, age square and gender
family background condis (religion,caste family sizeandplace of residence).
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Table 3: Arsenic and Child Anthropometric Measures: By Gender (OLS Estimates)

HAZ HAZ WAZ WAZ
Anthropometric measures Girls Boys Girls Boys
(z scores) (1) (2) 3) (4)
Arsenic -0.003* -0.001 0.003** 0.003**
(0.002)  (0.001)  (0.001) (0.001)
Individual controls Yes Yes Yes Yes
Maternal controls Yes Yes Yes Yes
Family background controls Yes Yes Yes Yes
District level controls Yes Yes Yes Yes
State F.E Yes Yes Yes Yes
Observations 36,198 39,173 36,198 39,173

*Robust Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1). All regressions include state fixed effects
anddistrict level controls for sex ratio, rainfall, literacy, pattern of cultivation, iron and gross domestic product.
Individual |l evel controls (age, age square and gender

family background contis (religion,caste family sizeandplace of residence) are included in all regressions.
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Table 4: First Stage Regression

Arsenic

(microgram/liter)

Clayey soil(sub) 13.275**
(0.299)
First stage Fstatistics 685.48
AndersonRubin Wald Statistics
0.000***
(p value)
Observations 75,371

Note: RobusBE ¢** Significant at 1%, ** significant at 5%, * significant &0 %).
Independent variable is defined as percentage of clayey soil present in diefyiessions includstate fixed
effects andlistrict level controls for sexratio, rainfall, literacy, pattern of cultivation, iron and gross domestic
product. Individual | evel controls (age, age square
education) andamily background controls (religiooaste, family size anplace of residencend included
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Table 5: Arsenic and Child Anthropometric Measures (I'V Estimates)

Anthropometric measures Full sample Full sample
(z scores) (HAZ) (WAZ)
Arsenic -0.028** -0.018**
(0.008) (0.006)
Individual controls Yes Yes
Maternal controls Yes Yes
Family background controls Yes Yes
District level controls Yes Yes
State F.E Yes Yes
Observations 75,371 75,371

*Robust Standard errors in parentheses (***p<0.01, ** p<0.05, * p<0.1). All regressions include state fixed effects
anddistrict level controls for sex ratio,irdall, literacy,pattern of cultivation, iron and gross domestic product.
Individuallevekontrols (ageagesquasand gender ), maternal controls (moth
famly background controlsré¢ligion,caste family sizeandplace of residencednd included
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Table 6: Arsenic and Child Anthropometric Measures (1V Estimates)

HAZ HAZ WAZ WAZ
Anthropometric measures Girls Boys Girls Boys
(z scores) (1) (2) 3) (4)
Arsenic -0.029** -0.029** -0.018* -0.018*

(0.0112) (0.012) (0.008) (0.008)
Individual controls Yes Yes Yes Yes
Maternal controls Yes Yes Yes Yes
Family background controls Yes Yes Yes Yes
District level controls Yes Yes Yes Yes
State F.E Yes Yes Yes Yes
Observations 36,198 39,173 36,198 39,173

*Robust Standard errors in parentheses (***p<0.01, ** p<0.05, * p<0.1). All regressions include state fixed effects
anddistrict level controls for sex ratio, rainfall, literacy, pattern of cultivation, iron and gross do pestict.
Individual |l evel controls (age, age square and gender
family background controls (religiocaste family sizeandplace of residence).
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Table 7: Arsenic, gender and birth order gradient in Height-for-age and Weight-for-age (IV Estimates)

HAZ HAZ HAZ WAZ WAZ WAZ
(OLS) (V) (V) (OLS) (V) (V)
(1) (2) (3) (4) (5) (6)
Arsenic*gir*BO2 0.003 -0.035 -0.015 0.005 -0.043** -0.024
(0.004) (0.026) (0.023) (0.004) (0.018) (0.017)
Arsenic*girBO3 -0.003  -0.060** -0.046* -0.004 -0.062** -0.041**
(0.005) (0.027) (0.025) (0.004) (0.019) (0.018)
Arsenic*BO2 -0.006** -0.009 -0.022 -0.003 -0.002 -0.013
(0.003) (0.018) (0.016) (0.003) (0.013) (0.011)
Arsenic*BO3 -0.009*  -0.094***  -0.090*** -0.006** -0.072***  -0.065***
(0.003) (0.020) (0.018) (0.003) (0.014) (0.013)
Arsenic*girls 0.000 0.104*** 0.068*** -0.001 0.049*** 0.029***
(0.002) (0.016) (0.015) (0.003) (0.012) (0.010)
Arsenic 0.002 -0.049** -0.023 0.006**  -0.023** 0.004
(0.002) (0.015) (0.012) (0.002) (0.011) (0.009)
Individual controls Yes Yes Yes Yes Yes Yes
Maternal controls Yes Yes Yes Yes Yes Yes
Family background contro  Yes Yes Yes Yes Yes Yes
District level controls Yes No Yes Yes No Yes
Observations 73,160 102731 73,160 73,160 102731 73,160

*Robust Standard errors in parentheses (*** p<0.01, ** p<0.05, 0.p< BO stands Birth order. All regression
includes state fixed effects. Column 1, column 3, column 4 and column 6 also indistlieslevel controls for sex

ratio, rainfall, literacy, pattern of cultivation, iron and gross domestic product. All ssgnesnclude individual level

control s

(age,

age

squar e

controls (religion, caste and place of residence).
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Table 8: Sex ratio, Child’s Height-for-age and Weight-for-age (1V Estimates)

HAZ HAZ WAZ WAZ
1) ) ®3) (4)
Anthropometric measures Sex ratio Sex ratio Sex ratio Sex ratio
(z scores) (below 9221¢) (above 922) (below 922) (above 922)
Arsenic*girls*birth order2 0.061 -0.035 -0.016 -0.031
(0.081) (0.028) (0.061) (0.020)
Arsenic*girls*birth order3 -0.075 -0.031 -0.143** 0.006
(0.076) (0.033) (0.059) (0.024)
Arsenic*birth order2 -0.073 -0.015 -0.060 -0.003
(0.055) (0.019) (0.042) (0.014)
Arsenic*birth order3 -0.198** -0.083** -0.100** -0.085**
(0.057) (0.026) (0.044) (0.019
Arsenic*girls 0.115* 0.068*+* 0.040 0.032**
(0.056) (0.018) (0.043) (0.013)
Arsenic 0.032 -0.037** 0.158*+* -0.034**
(0.052) (0.019) (0.042) (0.013
Individual controls Yes Yes Yes Yes
Maternal controls Yes Yes Yes Yes
Family background controls Yes Yes Yes Yes
District level controls Yes Yes Yes Yes
State F.E Yes Yes Yes Yes
Observations 38,579 33,012 38,579 33,012

*Robust Standard errors in parentheses (*** p<0.01, *0.05, * p<0.1)Column land column dcludes sanple

of those children who belong tlistricts with poor sexratio (below 92Zolumn 2and column 4ncludes children

who belong taistricts with favorable sexratio (greater than 92) regressioninclude state fixed effects and
district level controls for sexratio, rainfall, literacy, pattern of cultivation, iron and gross domestic product. Ihdividua

level controls (ageagesquarand gender ), maternal cont ran)asdfgmigot her '’

background controls (religigfiamily sizeand place of residence).

16 Median sex ratio in our sample is 922.
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Table 9: Heterogeneity across religious groups (Within India Evidence: 1V Estimates)

HAZ HAZ WAZ WAZ
Anthropometric measures D (2) €)) (4
(z scores) Hindus Muslims Hindus Muslims
Arsenic*girls*birth order2 -0.015 0.001 -0.024 -0.033
(0.028) (0.049) (0.020) (0.032)
Arsenic*girls*birth order3 -0.067+* 0.040 -0.050** -0.010
(0.029 (0.050) (0.021) (0.036)
Arsenic*birth order2 -0.013 -0.031 -0.011 -0.005
(0.019 (0.033 (0.014) (0.024)
Arsenic*birth order3 -0.077*** -0.009** -0.055%** -0.064
(0.020) (0.037) (0.015) (0.027)
Arsenic*girls 0.070*** 0.0831 0.024* 0.042
(0.018) (0.0%) (0.013) (0.020)
Arsenic -0.019 -0.015 -0.001 0.000
(0.014) (0.027) (0.010) (0.019)
Individual controls Yes Yes Yes Yes
Maternal controls Yes Yes Yes Yes
Family background controls Yes Yes Yes Yes
District level controls Yes Yes Yes Yes
State F.E Yes Yes Yes Yes
Observations 56,453 13,520 56,453 13,520

*Robust Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1). Coluamrd Column 3ncludes sanple
ofthose children who belonghtuslimcommunities. Column&nd column 4hcludes children who belong indu
society. Allregressionsiclude state fixed effects aulistrict level controls for sexratio, rainfall, literacy, pattem of
cultivation, iron and gross domestic product. Individual level controls éagesquarand gender), maternal controls
(mot her ' s age anhaddfamilytbdclkgrmound comralsastedaimily sizeand place of residence).
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Table 10: Heterogeneity across rural or urban regions (Within India Evidence: 1V Estimates)

HAZ HAZ WAZ WAZ
Anthropometric measures (1) (2 (3) 4
(z scores) Rural Urban Rural Urban
Arsenic*girls*birth order2 -0.010 -0.037 -0.031 -0.011
(0.027) (0.046) (0.019) (0.035)
Arsenic*girls*birth order3 -0.057** 0.000 -0.046** -0.027
(0.028) (0.060 (0.020) (0.043)
Arsenic*birth order2 -0.023 -0.011 -0.005 -0.030
(0.019) (0.030) (0.014) (0.022)
Arsenic*birth order3 -0.068** -0.172%* -0.054*** -0.095
(0.021) (0.045) (0.015) (0.030)
Arsenic*girls 0.067** 0.077+* 0.029 0.038
(0.017) (0.030) (0.013) (0.023)
Arsenic -0.024 -0.025 -0.007 0.004
(0.015) (0.022) (0.011) (0.016)
Individual controls Yes Yes Yes Yes
Maternal controls Yes Yes Yes Yes
Family background controls Yes Yes Yes Yes
District level controls Yes Yes Yes Yes
State F.E Yes Yes Yes Yes
Observations 58,082 15,078 58,082 15,078

*Robust Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1). *SES indicates Socio Economic Status.
Column 1 includes sample of those children who belong to scheduled caste/schedule tribe or other backward
communities. Column 2includeildren who belongto forward/upper class of society. Allregressions include state

fixed effects andlistrict level controls for sexratio, rainfall, literacy, pattern of cultivation, iron and gross domestic
product. Individual level controls (agagesquareand gender ) , mat ernal controls

education) and family background controls (religioasteand family sizg
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Table 11: Arsenic, family size and birth order (1V Estimates)

HAZ HAZ WAZ WAZ
Anthropometric measures Girls Boys Girls Boys
1) 2 (3) (4)
Arsenic*birth order2 -0.02 0.004 -0.043*** -0.0®
(0.019) (0.019) (0.014) (0.01%)
Arsenic*birth order3'* -0.122%** -0.057** -0.112%** -0.062x**
(0.03) (0.022) (0.017) (0.017)
Arsenic 0.008 -0.013 0.022* -0.000
(0.017) (0.017) (0.013) (0.012)
Family size -6.808* -9.009** 2.583 -1.126
(3.479) (3.969) (2.653) (2.968)
Individual controls Yes Yes Yes Yes
Maternal controls Yes Yes Yes Yes
Family background control Yes Yes Yes Yes
District level controls Yes Yes Yes Yes
State F.E Yes Yes Yes Yes
Observations 34,916 37,772 34,916 37,772

*Robust Standard errors in parentheses (*** p<0.01, ** p<0.05, * p<@dlyimn 1 and column 3includes the sanple
of girls. Column 2 and column 4 incudes the sample of Adi/eegressions include state fixed effects atigtrict
level controls for sexratio, rainfall, literacy, pattern of cultivation, iron and gross domestiact. Individual level

controls (ageagesquara nd gender ) ,

controls family size, eligion, caste anghlace of residence) are included in all regressions.

mat er nal
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Appendix A.1: Figures and Maps

Figure A.1.1: Prevalence of stunting across districts of India

O No data available
O Low prevalence (<20%)
O Medium prevalence (20% to <30%) - 0
. High prevalence (30% to <40%)

‘ Very high prevalence (240%)

Source: Menon et al. (2018)
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Figure A.1.2: Prevalence of underweight across districts of India

Percentage of children who
were nnderweight in Indin

less than 30%

30-40%
- more than 40%

0 125 250 500 750 1,000

Source: Sharma et al. (2020)
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Figure A.1.3: Geographical Distribution of Arsenic Levels across States of India

State wise arsenic levels in India

Level of Arsenic

B No Arsenic (<10 xgL-1)
] Mediam Level (10 ugl~1)
I High Level (350 ugl-1)

Source: Authors calculation using Central Ground Water Board report data (2016)
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Figure A.1.4: Bar Graph for child sex ratio: Central Northern, North Eastern and

Southern states of India

Assam Bihar Haryana

Karnataka  Punjab Uttar Pradesh

- Sex ratio (census 2011)

- Sex ratio (census 2001)

Source: Authors calculation using Census data, GOI (2001 & 2011)
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Appendix A.2 Additional Tables

Table A.2.1 Cross Tabulation of district level characteristics by arsenic contamination

Variable Mean N Mean T stats
Nonarsenic districts| Arsenic districts
Iron 1.47 156 1.74 105 -0.94
2.37 2.22
Fluoride 0.69 154 0.56 108 0.87
0.10 0.11
Nitrate 67.11 154 58.85 108 0.70
7.74 8.83
Rainfall 81.28 100 69.32 74 1.61
56.8 33.94
Maximum temperature 38.18 37 39.74 22 -1.10
0.86 1.13
Minimum temperature 12.09 25 10.36 14 0.91
1.07 1.65
Rice/Wheat(production 1140.697 117 2580.698 90 -0.65
6481.86 22881.09
Nitrogen 25967.5 148 30756.68 93 -1.40
2001.63 2901.66
Phosphorus 11584.35 148 14138.46 93 -1.38
1141.49 1466.88
Potassium 3549.5 148 4762.68 93 -154
426.73 724.76
Literacy 69.162 154  69.163 105 0
8.59 8.95
Sex ratio 937.92 154 925.7 105  2.15*
48.26 39.45
Monthly per capita expenditure  175857.3 156 173518.5 105 0.26
73933.62 63950.34
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Table A.2.2: Clayey soil and District Level Characteristics
Clayey soll N

Other Contaminants

Iron (mgliter) 0.472** 261
(0.207)

Fluoride (mgiiter) 0.345 257
(0.462)

Nitrate (mgkter) -0.007 257
(0.005)

Weather

Rainfall (milimeters -0.031** 228
(0.012)

Maximum temperature (degree 0.105 58

Celsius)
(0.237)

Minimum temperature (degree 0.152 39

Celsius)
(0.330)

Education

Literacy 0.091 259
(0.060)

Demographi& EconomicFactors:

Ratio of Rice to Wheat (milion -0.000 207

tonnes)
(0.000)

Nitrogen (Kilogram/hectare) 0.000** 236
(0.000)

Phosphorus (Kiogram/hectare) 0.000** 236
(0.000)

Potassiun{Kilogram/hectare) -0.000 236
(0.000)

Sex Ratio(per 1000 females) 0.002 259
(0.015)

Per Capital Expend. 0.000** 261
(0.000)

State fixed effects Yes

*** Significant at 1%, ** 5%, *10% .Table reports theoefficient on clayey solil, fromthe regressiorreforted
district levelvariables on thé&o of clayey soilsin a districtand state fixed effects
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