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The Health Burden of E-Waste: The Impact of
E-Waste Dumping Sites on Child Mortality

Abstract

This paper examines the effect of e-waste dumping sites on early child health. We focus on two
major dumping sites in West Africa, in Ghana and Nigeria. We observe children born before and
after the creation of these dumps, and estimate a difference-in-difference specification in which
we compare outcomes of those born within the vicinity of the dump to those farther away, before
and after e-waste sites were created. We find that the e-waste sites increase neonatal and infant
mortality, for children living in the proximity of the site. Event studies suggest that the negative
effects emerge 2-3 years after the existence of the sites, consistent with the gradual and systematic
build up of contaminants in the environment. By exploring routes of exposure, we find that the
contamination of water and urban farming produce are among the drivers of the observed effects.
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1 Introduction

E-waste refers to waste made up of electrical and electronic equipment (EEE), and is
classified as hazardous waste, due to the presence of toxic materials in many electrical
components (Bakhiyi et all [2018). It is one of the fastest growing waste streams, with
53 million metric tons (Mt) of e-waste generated globally in 2019 estimated to rise to 74
Mt by 2030 (Lundgren| (2012), Forti et al. (2020)). An important aspect of e-waste is
that it is often inappropriately managed, especially in developing countries.

E-waste in developing countries originates both from domestic and international sources.
Internationally, a vast share of e-waste imports is comprised of working or repairable
electronic equipment that domestic consumers discard, because although often usable,
imported second-hand equipment has a short life span (Heacock et al., 2016} Davis et al.|
2019). Indeed, many e-waste dumping sites originate from or in the proximity of second-
hand markets (Manhart et al., [2011)). Evidence also indicates the existence of a non-
negligible international flow of e-waste that enters developing countries illegally (Kellen-
berg), 2010). A significant share of the international flow is also generated within regions
rather than transferred between regions (Lepawsky and McNabb| 2010). In West Africa,
Ghana and Nigeria serve as the main trade hubs for both regional and international trade
in EEE and e-waste (Schluep et al., 2011)).

E-waste contains significant amounts of precious metals and other valuable materials.
It is estimated, for example, that 7% of the world’s gold is currently contained in e-
waste (UNEP et al., 2019). This results in a market for salvage, as e-waste is typically
transported to dump sites or workshops where it is stripped of valuable materials. In
most African countries, e-waste management is predominantly performed by those in the
informal sector. The stripping of components is done manually, and, after salvage, the
unwanted components are burned or discarded in open dumpsites (Kellenberg, 2010)E]
This is of concern because e-waste consists of a number of environmental contaminants
that pose a number of risks to health. Potential routes of exposure include ingestion,
inhalation and dermal contact| Children and the young are particularly at risk, due to
additional routes of exposure such as breastfeeding and placental exposure and through
behaviours such as persistent hand to mouth activities (Grant et al., 2013). Children

are also at increased risk due to physiological differences from adults including higher

IThe size of this informal economy is large, with recent estimates suggesting that 100,000 people
work in the informal e-waste sector in Nigeria (ILO) [2019).

2These include organic pollutants such as polychlorinated biphenyls, which are components of e-waste
and are known endocrine disruptors (Bergman et al., [2013)), potentially hazardous chemical elements in
electrical components that are known to have developmental effects on children such as lead, cadmium
and arsenic (Chen et al., |2010]), and carcinogenic polycyclic aromatic hydrocarbons (PAH) formed and
released into the environment during burning of e-waste materials (Wang et al., [2012).



intakes of air, water, and food per body weight, and a lessened ability to eliminate
toxins, particularly amongst infants (Pronczuk-Garbino et al., [2007)).

A significant body of literature within economics has investigated the short- and
long-run effects of early-life exposure to poor environmental quality on health outcomes
at birth, childhood, and beyond (see (Currie et al., |2014] for a review). Studies have
focused on, for example, the effect of air pollution (see for example |Currie and Neidell,
2005; Jayachandran| 2009; Greenstone and Hanna, 2014; Arceo et al., 2012; Luechinger]
2014; Tanaka), 2015} |Currie and Neidell, 2005; Currie et al., 2009; Currie and Walker]
2011), water quality (Greenstone and Hannal, 2014; He and Perloff, 2016), and proximity
to mining operations (von der Goltz and Barnwal, [2019) on health, yet the impact of
waste has received little attention. An exception is Currie et al. (2011)), who investigate
the impact of toxic waste dumps in the US on infant health, exploiting the introduction
of the Comprehensive Environmental Response, Compensation, and Liability Act (known
as Superfund), which led to clean-ups of dangerous hazardous waste sites in the US. They
find that clean-ups of hazardous waste sites reduce the incidence of congenital anomalies
by roughly 20-25 percent, with no statistically significant effects on outcomes such as low
birth weight, prematurity, or infant death. A more recent work by |Gennaioli and Narciso
(2017) investigates the impact of illegal dumping of (non-specified) hazardous waste in
Ethiopia on infant health. Given the absence of information on locations of illegal waste
sites, the study relies on predictions based on road construction. The premise underlying
the paper is that road construction facilitates disposal of toxic waste. It finds that
an additional road within a 5-kilometer radius is associated with an increase in infant
mortality by 3 percentage points. Yet, specifically on e-waste, the evidence relies mostly
on observational studies ]

This paper investigates how exposure to e-waste sites impacts infant and neonatal
mortality employing a difference-in-difference approach. We exploit a household’s dis-
tance to the dumping site to define intensity of exposure to pollution at birth or in the
womb. Our identification strategy relies on the comparison of children born before and
after the existence of the dump, and distance to the dump. We are able to address
concerns about potential dump-induced residential sorting by focusing on non-migrant
households and by comparing siblings born before and after the creation of the dump.
To our knowledge, this is the first study to quantify the causal impact of e-waste dump-

ing sites on early childhood health. This is particularly important given their extensive

3For example, a number of small-sample observational studies in China suggest negative associa-
tions between exposure to-e-waste and health outcomes. Children born near e-waste sites have reduced
birthweights, whilst higher chemical pollutants are found in the cord blood of pregnant women residing
near such sites, and increases in pregnancy miscarriage and premature births are observed, compared to
women and children in control areas (see |Grant et al., 2013, and references therein).



presence in developing countries, including a number of African and Central Asian coun-
tries and China (Forti et al., [2020)). We find large and statistically significant effects of
proximity to e-waste sites on neonatal and infant mortality. One additional kilometre
away from the dumping sites reduces neonatal mortality by 6 deaths per 1,000 births and
infant mortality by 7 deaths per thousand births after the creation of the dumping site.
Event study analysis is used to understand the dynamics of the relationship and suggests
that these effects emerge 2-3 years after the existence of the site, suggesting that effects
emerge once contaminants have had time to build up in the environment. Finally, we
present suggestive evidence that the effects are at least in part explained by the contam-
ination of water, consumed directly for cooking and cleaning, and the consumption of
locally sourced animal products.

The rest of the paper proceeds as follows. We give an overview of background and
context regarding e-waste and the sites used in the analysis in section[2] Section [3loutlines
the data used, section {4] outlines our empirical specifications, whilst section [5| presents
our results. We discuss potential mechanisms underlying our results in [6] and robustness

checks in section [7] Finally, section [§] concludes.

2 Background and Context

2.1 International Conventions on Exporting Hazardous Waste

In response to increasing exports of hazardous waste to countries in the developing world
and the resulting international outcry, the Basel Convention on the Control of Trans-
boundary Movements of Hazardous Wastes and their Disposal was opened for signatures
on 22 March 1989, and entered into force on May 5, 1992 (Kitt, |1994; Andrews, |2009).
The convention did not ban the export of hazardous waste, but regulated it, based on
the principle of prior informed consent (PIC), in which exporting parties would need to
have explicit consent from a competent authority in the importing state for the trade
to occur (Krueger, 1998). The intention was to strike a balance between free trade and
environmental protection (Lucier and Gareaul, 2016)). The convention did not classify
e-waste as hazardous waste under the Basel convention until 1998. A weakness of the
1989 Convention was that it defined waste only as objects for disposal i.e.‘scrap’, leading
to the so-called ‘recycling loophole’ which allowed for the stated intention of exports to
be recycling of raw materials when in effect waste was either dumped, burned, or recycled
in such a way as to pose a risk to local inhabitants (Andrews, 2009). A 1995 Basel Ban
Amendment attempted to address this, by extending the ban to include export of haz-

ardous waste that was intended for recycling, but this was not ratified into international



law until 2019. Despite these attempts to regulate e-waste trade, large amounts of e-
waste have continued to be shipped illegally, in part due to the complex and fragmentary
regulatory environments which have hindered enforcement of international and national
law (UNEP et al., 2019).

In addition, the export of electronic equipment labelled as ‘for re-use’ is still permitted
(UNEP, 1989). This has led to significant levels of imported used EEE into African
countries which ultimately ended up discarded, either because of a short life-span, or for
being illegally labelled as for re-use while effectively being end-of-life equipment (Heacock
et al.| (2016) [Kellenberg| (2010)) [f| In 2016, an estimated 44.7 Mt of E-waste was generated,
approximately 6 kg per person on the planet, leading to the UN describing a ‘tsunami of
waste’ (UNEP et al] [2019) ]

2.2 E-waste sites

We focus on two major e-waste sites: Agbogbloshie in Ghana and Solous (2) in Nigeria.
The choice of these two sites was determined by the following criteria: the site was
established after e-waste became a significant waste flow in the late 1990s (Grant and
Oteng-Ababio|, 2012; Forti et al.; 2018)) and there is availability of sufficient data on birth
outcomes (see section |3| for details on the data used).lﬂ

Agbogbloshie is a dumping site established in 2001 in Accra, Ghana, that deals ex-
clusively with e-waste; in 2014 it was estimated to have a size of 10.6 hectares, and to
receive 192,000 tonnes of e-waste every year (Waste Atlas Partnership, 2014)). It is the
second largest e-waste processing site in West Africa (Bernhardt and Gysi, [2013)), and is
situated in a densely populated area, with an estimated population within 10 km of the
site of 2,350,000 (Waste Atlas Partnershipj 2014)). It has received intense media reporting

4In 2012 the Basel Secretariat, acknowledging difficulties associated with identification of genuine
export of electrical equipment from e-waste intended for scrap, issued guidance on transboundary move-
ments of e-waste in an attempt to aid in the distinction between waste and non-waste (Ogunseitan,
2013)).

°This estimated figure has subsequently risen to 53 Mt in 2019 (Forti et al., 2020).

5Qur search for sites was guided by the 2014 Waste Atlas Report on the world’s 50 biggest dumpsites
(Waste Atlas Partnershipl [2014). The site coverage in the report was determined by (physical) size and
spread of the site, estimated amount of waste disposed of, number of people potentially influenced by
the site, and risks posed by the site to environmental and health. Inclusion in the report is conditional
on data on site being available including the exact longitude and latitude location; data on sites was
taken from both official data, and so-called ‘grey’ literature, e.g. news/media. The Waste Atlas Report
also details of the types of waste handled at sites, including e-waste. Other categories of waste include
municipal waste and hazardous waste. Of the 50 sites in the Waste Atlas Report, just 7 deal with e-waste.
We excluded three other sites due to their opening date pre-dating the influx of e-waste so that date
of treatment was uncertain, and two more recent sites (Tibar, in Timor-Leste, and Pugu-Kinyamwezi
in Tanzania) because they also dealt with medical and hazardous waste rather than predominantely
e-waste.



regarding the scale of the problem, and is notorious amongst NGOS such as Greenpeace!'|
In 2004, the Government of Ghana reduced the import duty on used computers to zero,
leading to a large increase in shipments to Ghana (Grant and Oteng-Ababio, |2012).
Solous is a dumping site established in 2006 in Lagos, Nigeria, receiving a large amount
of waste, both municipal and e-waste. For example, estimates suggest that it received
428,728 metric tonnes of waste in the first two quarters of 2009 (Balogun and Adegun,
2016)@ An estimated 4 million people live within 10 km of the site, and the nearest
settlement to the site is 200 m away (Waste Atlas Partnership, 2014). In addition, a road
runs through the middle of the site, establishing it as a trade route and business centre
(Ife-Adediran and Isabotal |2018). It has been described as “an entire human community
on its own, where buying, selling, eating, drinking, playing, visiting and other normal
activities take place daily” (p.710 |[Ife-Adediran and Isabota, 2018). A complication of
the inclusion of this site into the study is the existence of an older, large dumpsite 14 km
away, known as the Olusosun/Olushosun waste site. The Olusosun site also deals with
e-waste, but was established as an ordinary waste site in 1992 before e-waste flows were
a significant problem. This precludes us from having a clean ‘before’ and ‘after’ period of
exposure to e-waste, and is, therefore, not include it in our main analysisf’] In analysing
the Solous site, we exclude all households living within 5km distance of Olusosun (further

details are discussed in section .

3 Data

We use data from the Demographic Health Surveys (DHS) for Ghana (1998, 2003, 2008)
and Nigeria (2003, 2008, 2013). These are nationally representative surveys, using stan-
dardised questionnaires that are comparable across countries. The DHS collects complete
fertility histories from women aged 18-49, including information on all births and any
deaths of children respondents have ever had. Women are also asked a range of questions
on health and socioeconomic status, and a household questionnaire collects information
on characteristics of the household. The DHS also contains a GPS dataset containing the

latitude and longitude location of the cluster within which the household is placed[]

"See for example https://www.theguardian.com/environment/gallery/2014/feb/27/
agbogbloshie-worlds-largest-e-waste-dump-in-pictures.

8There are no estimates separately for e-waste vs. municipal waste.

9We have conducted a separate analysis for Olusosun. In particular, we can argue, based on e-waste
trade data, that the dumping of e-waste started in 1998. Based on this assumption, we found results
consistent with our main findings, but more imprecise. Given the lack of a clean research design for this
site, we omit Olusosun from our analysis. Results are however available in a previous version of this
study, and are available on request.

0Cluster sizes are small, with approximately 25-30 houses per cluster. For privacy reasons, the
locations of DHS clusters are randomly displaced by up to 2km in urban areas and up to 5km in rural
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To increase sample size, we supplement our analysis with data from the Malaria
Indicator Surveys for Nigeria (2010, 2015) which are also administered by the DHS pro-
gramme.E These use identical questionnaires to the DHS, but collect information on a
narrower range of outcomes, for children born in the last five years. Crucially, they still
collect data on births, deaths, individual and households characteristics needed for our
analysis, as well as GPS of cluster location.m Figure of the Appendix show the loca-
tion of the two dumping sites and the distribution of survey clusters in the surrounding
area of the site within the 20 km buffer zone[™]

All women interviewed in the DHS are asked for the date of birth of each child and,
if the child has died, their age at death.E Our measure of newborn and infant health is
captured by measures of mortality in the first month (neonatal) and first year (infant)
of life[] We construct dummy variables for neonatal and infant mortality that are equal
to 1 if the child died before 30 days, or before 1 year, respectivelym We drop from
our estimating sample those children who have not been fully exposed to the measure of
mortality under study/l’| Our sample considers children born 20 km within the vicinity of
the dumps five years before and after its establishment, leaving us with a sample of 3359
(3094) births in our neonatal (infant) mortality regressions, born to 1868 (1743) mothers.

Table (1] shows summary statistics for the births in our sample, for all households.
Average neonatal (infant) mortality is 3.6% (5.7%), and these rates are broadly similar
in Ghana (Panel B) and Nigeria (Panel C). The sample is primarily urban, with most

individuals having secondary education. Country (i.e. dump) specific statistics show

areas. The majority of our clusters are urban (96% in Ghana and 97% in Nigeria), and our results are
robust to exclusion of rural clusters that may have been displaced by larger amounts (results available on
request). Displacement of location is random and there is no reason to believe that displacement varies
systemically with either distance from the sites or over time. The result is that the resulting noise may
lead to downward biased estimates so that, if anything, this displacement will make it harder to identify
an effect.

1See https://dhsprogram.com/What-We-Do/Survey-Types/MIS.cfm for a further discussion of
these data.

120ur results are robust to the exclusion of the MIS surveys.

13For Nigeria, we also show the location of the earlier established dumpsite, Olusosun, that is not
included in our analysis for reasons discussed above. We also show the 5 km radius around Olusosun,
to show which clusters are excluded from our analysis of the Solous dumpsite since they may also have
been exposed to the Olososun site.

This is reported as age in days if less than one month old at death, or age in months if older than
one month at time of death.

15Evidence from developed nations commonly uses birth weight as a measure of newborn/in utero
health (e.g. (Currie et al.,[2011))); however, birth weight is often poorly recorded in the DHS surveys, and
this is particularly the case in these surveys. Between 70-80% of observations are missing information
on both reported weight at birth and a subjective measure of size at birth (i.e. whether the baby was
small or large).

6Due to age heaping, we include the 30th day and 13th month in our definitions of neonatal and
infant mortality.

ITFor example, if a child were only 2 months old at the date of the interview, they are not included
in the infant mortality regressions since infant mortality is right censored for these individuals.
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Table 1: Summary statistics

N Mean Std. Dev. Min. Max.

All

Neonatal Mortality 3359  .036 187 0 1
Infant Mortality 3085  .054 .226 0 1
Mother < Primary schooling 3359  .069 .253 0 1
Mother Primary schooling 3359  .182 .386 0 1
Mother Secondary schooling 3359  .594 491 0 1
Mother Higher education 3359  .155 .362 0 1
Spouse < primary schooling 2957  .041 197 0 1
Spouse primary schooling 2957 135 .341 0 1
Spouse secondary schooling 2957  .589 492 0 1
Spouse higher schooling 2957 235 424 0 1
Urban 3359  .958 .201 0 1
Mother age at birth 3359 27.985 5.557 14 48
Male birth 3359  .509 5 0 1
Multiple birth 3359  .036 .186 0 1
Ghana

Neonatal Mortality 805 .03 A7 0 1
Infant Mortality 727 .051 22 0 1
Mother < Primary schooling 805 125 331 0 1
Mother Primary schooling 805 214 41 0 1
Mother Secondary schooling 805 .607 .489 0 1
Mother Higher education 805 .053 225 0 1
Spouse < primary schooling 710 .097 .296 0 1
Spouse primary schooling 710 .032 177 0 1
Spouse secondary schooling 710 725 447 0 1
Spouse higher schooling 710 145 .352 0 1
Urban 805  .932 .252 0 1
Mother age at birth 805  27.352 6.035 14 45
Male birth 805 .b13 b 0 1
Multiple birth 805 .037 19 0 1
Nigeria

Neonatal Mortality 2554  .038 192 0 1
Infant Mortality 2358  .055 227 0 1
Mother < Primary schooling 2554  .051 22 0 1
Mother Primary schooling 25564 172 378 0 1
Mother Secondary schooling 2554  .589 .492 0 1
Mother Higher education 2564 188 .39 0 1
Spouse < primary schooling 2247  .023 .149 0 1
Spouse primary schooling 2247 167 373 0 1
Spouse secondary schooling 2247  .547 .498 0 1
Spouse higher schooling 2247 264 441 0 1
Urban 2564 .966 18 0 1
Mother age at birth 25564  28.185 5.383 14 48
Male birth 2554 .508 5 0 1
Multiple birth 2554 .036 .185 0 1

Source: Authors calculations based on DHS data.



broadly similar patterns across the two dumpsites, with the exception of education; whilst
the proportions of primary and secondary education are similar, the Nigerian sample has
fewer individuals without primary education, and more with higher education. Appendix
Tables tests differences in the compositions of birth between children born within
5 km of the dump and those farther away, before and after e-waste sites were established.
The choice of 5 km is only for descriptive purposes, as our main analysis use a continuous
measure of distance. There are some statistically significant differences in the levels
of education, particularly spousal education, between areas near to (within 5 km) and
further away (5 - 20 km), but these differences are stable over time (columns (IX) and
(X)). Within these zones, there also appears to be very little change in the compositions
of births before and after the e-waste sites were opened, and changes tend to be broadly
similar across the two zones. For example, there is some (weak) evidence that spousal
education was higher amongst births occurring after e-waste sites were established, in
both areas relatively near and further away from the dump sites, but these differences
are only statistically significant at the 10% level. Thus, table shows little evidence
that compositions of births changed differentially over time for treatment and control

areas.
Figure 1: Average neonatal (left) and infant (right) over time

(a) Neonatal mortality (b) Infant mortality
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Authors’ calculation based on DHS data for Ghana and Nigeria. For consistency, we consider
a common number of years (5) before and after the dump for both countries. The plots are
created by computing rolling 2-year averages of infant and neonatal mortality.

Figure (1] plots average mortality rates over time for households in the proximity of
the site (5 km) and those farther away (5-20 km). Though the small sample size implies
some noise, we see that, prior to the establishment of the e-waste sites, neonatal and
infant mortality rates roughly co-moved for those living within and outside the vicinity

of the e-waste sites. In the post-site period instead, we see a divergence in trends and



a sharp increase in mortality rates amongst those living in the vicinity of e-waste sites.
This effect persists and strengthens over time; for example, the (2 year) rolling-average
of neonatal (infant) mortality within the vicinity of the sites rises from 20 (50) deaths
per 1,000 children in the year of creation to more than 90 (110) deaths per 1,000 children
5 years after - an almost twofold increase in mortality in a five-year period. The rise is
not immediate, and appears 2-3 years after the dump was created, consistent with the
gradual accumulation of pollutants in the environment. It is worth noting, however, that
the purpose of these graphs is only descriptive. For example, while we observe some
differences in mortality in the pre-dump period, appropriate testing for pre-trends will

be provided below.

4 Empirical Specification

Our main identification strategy is based on a difference-in-differences specification that
uses the date of creation of a dumping site to determine treatment, and compares children
located close to the site to those farther away, effectively considering the distance from
e-waste site as a measure of treatment intensity of exposure to pollution from the site.

We estimate the following equation:
Yije = BDIST;; + yPost, x DIST;; + vy + 04+ €5 (1)

where ¢ indicates a child born in year ¢ from mother j. Post; is an indicator variable which
equals one if a child was born after the local dump was created, DIST;; is the continuous
distance variable (0 km < DIST;; < 20 km). Lastly, 14 is a vector of child year of birth
fixed effects and 0, are dump-specific fixed effectsf__g] Our dependent variable Y;;; is either
neonatal mortality (1 = died before 30 days, 0 otherwise) or infant mortality (1 = died
before 13 months, 0 otherwise), so that a worsening of infant health is represented by a
positive coefficient for v. Standard errors are clustered at DHS cluster level; there are 180
clusters in our analysis. In a robustness check, we control for dump-specific time trends
(64 x T), mother and child characteristics X,j;, interview year, and cohort dummies inter-
acted with pre-dump local characteristics of clusters to account for differential evolution
over time in local development associated with mortality (see section . In equation ,
we expect distance to the e-waste site to have no effect on health outcomes for children
born before the creation of the site (5 = 0), while a negative effect in the post-dump

period would imply that the health conditions of children born in the proximity of the

8Note that the inclusion of v4 means that, in practice, Post, drops out of the estimating analysis.
The choice of omitted category in our dump-specific fixed effects is arbitrary and in our analysis, it is
the Ghana dump, Agbogbloshie.
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site have worsened relatively to those farther away.

To gain more insight into the dynamics of the relationship and how it evolves in the
post-dump period, we extend the analysis given in equation [I, and perform an event
study analysis, estimating the following specification:

k=5 k=5
Yije = Bo+ BiDIST;+ > wl{Ky =k} + > wl{Kiy =k} x DIST;; + 04+ €351, (2)

k=-—5 k=-5

Here, we replace our dummy Post; from equation |1, with a more flexible specification
in which we include dummies for lags and leads relative to the creation of the dump, the
omitted category being the year prior to the creation of the dump. In all other respects,
equation [2 mirrors equation [I} As an additional specification, we also show results where
we use a dichotomous measure of treatment, where we identify treated children as those
living within 5 km from the site.

For all specifications, we show results both by pooling data from the two sites and
for each dumpsite individually. Although dumps are created in different years in the
two countries, when we pool the data across the sites we stack and align the two events.
This is equivalent to a setting where the events happen contemporaneously, as is the
case in our site-specific regressions. Hence, our setting does not suffer from the bias due
to heterogeneous treatment effects that affects staggered treatment designs (Goodman-
Bacon, [2021)).

4.1 Identification Issues

The validity of our empirical strategy relies on the assumption that the polluting effects of
the dumping site decline with distance, and that the evolution of health outcomes in areas
near and far from the site would have been similar in the absence of the dumping site.
While the common trends assumption cannot be tested, the event study analysis above
allows us to test for differences in pre-dump trends in health outcomes for children living
close and far from the site location. Following the latest developments in the difference in
differences literature, we also implement the Doubly Robust estimator of (Callaway and
Sant’Annal (2021)) to test for pre-trends conditional on covariates.

Yet, other unobserved time-varying factors correlated with the creation of the dump
and affecting differently areas closer and farther from the site could challenge the validity
of our results. In particular, one concern might be dump-induced migration. Specifically,
if families in relatively worse/better health conditions had moved in the proximity of
the site this would bias our results. Similarly, bias could be induced by the potential
displacement of households caused by the dump. In section [7| we investigate whether this

is a concern in two ways; first, by comparing the characteristics of women in our sample
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interviewed before and after the e-waste sites were established, and second by estimating
the relationship for non-migrant households only. A caveat to the second approach is
that there is limited information on years of residence in these particular DHS surveysﬂ
and we are only able to perform the latter robustness check for Ghana. In addition,
since we are able to observe children born from the same mother before and after the
creation of the dump, in a further robustness check we are able to show a specification
including mother fixed effects. This allows us to mitigate the concerns about unobserved
heterogeneity in residential sorting. On the other hand, however, it does considerably
restrict our sample and, therefore, requires further considerations that will be discussed

below.

5 Main results

Regression results from the difference-in-difference specification in equation [l are reported
in table[2] Results show that the effect of distance becomes negative and significant only
after the e-waste sites were opened. This is consistent with distance capturing exposure
to pollution from the site and suggests an increase in mortality for children born in the
proximity of the dump relatively to those farther away. The estimated effect of distance
(which captures the pre-dump effect) indicates that, if anything, mortality prior to the
establishment of the waste site was higher in areas away from the sites, though this
relationship is weak, and not statistically significant for neonatal mortality. The effects
indicate that, after the dump has been opened, moving one additional km away from
the dump decreases neonatal and infant mortality by 4 and 5 deaths per 1,000 births,
respectively. In appendix table we show estimates separately for each site in Ghana
and Nigeria, and we find similar results, with effect sizes broadly similar, particularly for
neonatal mortality |

Results of the event study analysis (equation ([2])) are reported in Figure [2/and confirm
that the distance to the dumping site did not play any significant role in explaining
neonatal and infant mortality of children born before the creation of the dump. We reach
similar conclusions when testing parallel trends using a dichotomous treatment variable,
where we define treated those children living within 5 km from the site (see Figure [A.2)).

The negative effect of distance in the post-dump period confirms that children born in the

19 Although in DHS survey rounds V and VII information on years of residency were collected, in DHS
rounds VI, which make up the bulk of our surveys, this information was not collected. We therefore
have no information on residency in the surveys for Nigeria conducted in 2010, 2013 and 2015, so that
we have very limited information on residency in the post-dump period.

20The effect sizes on neonatal (infant) mortality for the Ghanaian and Nigerian sites are 4 (7) and 3
(4) deaths per 1,000 births, respectively.
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Table 2: The impact of e-waste sites on newborn and infant health

Y (I1)

Dependent variable: Neonatal Mortality Infant Mortality

Distance (km) 0.001 0.003**
(0.001) (0.001)
Post x Distance (km) —0.0047** —0.005**
(0.001) (0.002)
Mean mortality 0.036 0.056
Observations 3359 3094
Dump FE Yes Yes
Year of Birth FE Yes Yes

Standard errors (in parenthesis) are clustered at the DHS cluster
level. *** p-value < 1%, ** p-value < 5%, * p-value < 10%. Post
is a dummy variable indicating a child was born after the creation
of the dump site (For Ghana, t = 2001; for Nigeria, t = 2006).
Children born between 5 years pre- and 5 years post are included
in the analysis; for Ghana this is 1996-2006 and for Nigeria this is
2001-2011.

proximity of the site face greater chance of death than those living farther away. Results
for individual dumps are shown in Figure and Figure [A.4] of the Appendix and show
consistent results for both countries.

Overall, evidence from estimates of equations - suggest that proximity to e-
waste sites had a significantly negative impact on newborn and early life health, increasing
the risk of mortality for those exposed to e-waste sites. This risk decreases with distance,
and event-study analysis suggests the risk appears to emerge around 3 years after the
creation of the e-waste sites. The effects are large, at around 10% of mean mortality
in the sample. This is not unusual when we consider evidence from the wider literature
on pollution and health. Most of the evidence on the effects of pollution on mortality
focuses on intensity of exposure measured as unit reductions/increases in CO (Currie
and Neidell, 2005), particulate matters (Knittel et al., 2016)) or total suspended particles
(Chay and Greenstone| [2003). For example, |Alexander and Schwandt| (2019) find that
one additional emissions-cheating diesel car per 1,000 cars increases PM10 by 2.2 percent
and led to a 1.7% increase in infant mortality in the US. In our case, the effect we find is
the result of a large and sustained increase in the concentration of pollutants. While some
pollutants are displaced, most are retained and have accumulated in the environment, in
the soil, water and living things surrounding the area over the years. This is consistent
with the effects materialising after 3 years from the creation of a dumping site. In what

follows, we investigate these differing routes of exposure to pollution.
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Figure 2: Event study for neonatal (left) and infant (right) mortality: intensity of treat-
ment

(a) Neonatal mortality (b) Infant mortality
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Authors’ calculation based on the DHS data. Includes both e-waste sites. For consistency, we
consider a common number of years (5) before and after the dump for both countries. The plots
are created by a linear regression of mortality on a full set of event time indicators (years from
dump) interacted with distance from the dump (in km) and controlling for country and birth
year fixed effects. The vertical lines indicate 95% confidence intervals.

6 Underlying mechanisms

Our results point towards a substantial increase in mortality for children living in prox-
imity of the two e-waste sites. Likely channels through which these sites can impact on
child mortality include contamination of air, water and food (Grant et al., [2013]). Such
contamination has been investigated in the environmental and health literature, as de-
scribed below. In this section, we aim at supplementing this literature using our data to
provide evidence on the possible route of exposures that underlying our findings.

It is well documented that e-waste components are often inappropriately transported,
stored or disposed of (Maphosa and Maphosal 2020)). Areas where components are dis-
carded are frequently flooded by heavy rainfall or by the nearby river flooding, particu-
larly in the case of Agbogbloshie, releasing hazardous chemicals (Brigden et al. |2008).
The run-offs from dumping sites (known as lecheate) can reach local waterways and con-
taminate groundwater. Contaminated water is unlikely to be used directly for drinking
as local residents largely rely on bottled water or water sachets, but can be used for
cleaning and in the production of locally sourced crops and animal products. Of the two
main sites we have considered above, the Agbogbloshie dump is the most studied in the
medical and environmental literature. Studies have found evidence of increased levels of
hazardous chemicals in the water, ground, as well as in human subjects. There is, for

example, evidence of poisoning of the food chain, with eggs laid by free-range chickens
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from Agbogbloshie found to have elevated levels of hazardous chemicals; eggs sampled
exceeded EU standards for some toxins by 171-fold (IPEN and BAN| [2019). Breast milk
samples from women residing near Agbogbloshie have been found to contain abnormally
high concentrations of PBDEs and similar contaminants (Daum et al., 2017)@

Whilst the Solous site has been less studied, evidence suggests that it has contributed
to significant contamination of groundwater with excessively high levels of various heavy
metals (Ofudje et all [2014). These metals include Cadmium, which has been linked
to adverse perinatal and neonatal outcomes (Grant et al., 2013)). Lagos is a high-water
table area, which increases the specific risk of contamination of water from the dumpsite
(Osibanjo et al |2017); this has led to nearby water that is unfit for human consumption
(Adegun), 2013)). Since the majority of the population of Lagos rely on boreholes and
hand-dug wells for their water supply (Osibanjo et al. [2017)), and evidence suggests
that residents in the dump vicinity depend on groundwater as their source of domestic
water supply (Balogun and Adegun), 2016)@ such contamination may be a significant
mechanism through which the health of individuals may be affected by proximity to the
dumpsite.

To investigate water contamination, we first focus on the Agbogbloshie site where
the Odaw river runs adjacent to the dumpsite and ends in the Korle Lagoon before
entering the Gulf of Guinea; these water bodies form part of the major catchments
in the Accra metropolis, and cover an area of 250km? (Huang et al) 2014). Higher
concentrations of copper, cadmium, lead, iron, and chromium have been found in the river
(Huang et al., [2014)), and significantly higher concentrations of PCBs have been found
downstream from the waste site relative to upstream (Hosoda et al. |[2014]). Studies have
found elevated levels of heavy metals and organic pollutants in the marine life, including
fish, downstream and the city’s coast (Bandowe et al. |2014; |Hosoda et al., 2014). We
can distinguish between children living upstream and downstream of the site.ﬁ In the

analysis that follows, we restrict the treatment group to households living within 5 km

2l'Whilst it would be interesting to investigate whether breastfeeding is as a route of exposure, or
whether, it acts as a protective measure, in our sample we have very little variation in breastfeeding
status, with 95.9% of the entire sample having been ever breastfed. One might also wonder if women
change their breastfeeding behaviour in response to perceived pollutants, as in Keskin et al. (2017]).
We investigated whether there were any effects of the dumpsites on breastfeeding behaviour, replacing
mortality in equation [1| with an indicator for whether the child was ever breastfed. We found no effects,
and no evidence of such behavioural changes. Results available on request.

22We confirm this using the DHS data; in our sample, 48% of individuals within 20 km of the dump
use borewater or wells as their source of drinking water, with the remaining either using piped water
(22%) or bottled/sachet water (22%). The DHS does not ask about sources of non-drinking water, but
we may expect it to be significantly higher because people are unlikely to use bottled water for e.g. for
cooking and bathing

23We cannot make use of the Solous site as there are no survey clusters located downstream of the
nearest river, which runs at 1 kilometre from the site.
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of the Odaw river. We then consider those living upstream and downstream as shown
in Figure of the Appendix[Y] For this analysis we estimate both a difference in
differences specification and event study, where the treatment group refers to downstream
clusters, which are compared to upstream clusters. By comparing pre- and post-dump
mortality rates for the two groups, we aim to provided suggestive evidence that the
dumping site has increased mortality through increased water contamination. Note our
assumption is that both groups are affected by the Agbogbloshie site, but we expect
those living downstream to experience greater negative effects due to increased water
contamination. One might argue that it is unlikely that many individuals drink directly
from the water, since, due to water rationing and lack of piped water access, most citizens
in the Accra area rely on sachet water for drinking (Stoler et all [2012). However, due
to price, households are unlikely to use such sachet water for other household activities
such as cooking and bathing. A recent study in five slums in Accra, (Nima, Sabon
Zongo, Chorkor, Jamestown, and Abokobi-Pantang) which includes slums both within our
treatment area and downstream, found that groundwater was used for cooking (Ketadzo
et al., 2021). Households who lack access to piped water may also lack access to personal
bathing facilities; one study in Accra estimated that 18% of households who used sachets
for drinking water used local rivers as their primary bathing facilities; a further 30% use
‘open sources’ (Stoler et al., 2012).

Any effects we find by comparing downstream vs. upstream households will reflect not
only direct exposure to contaminated water via cooking and bathing, but also indirect
exposure through contamination of urban crop and animal production. In later analysis,
we investigate more closely this latter indirect route of exposure.

Results are shown in Table 3| while the event study is shown in Figure of the
Appendix. Results show higher infant and neonatal mortality for children living down-
stream after the creating of the dumping site, although the coefficient is only statistically
significant for neonatal mortality. The event study supports this analysis, and, although
the coefficients are imprecisely estimated, they are suggestive of a greater impact for
children living downstream, in particular for neonatal mortality. Overall, these results
provide some (suggestive) evidence that one route of exposure is through contaminated
water.

While the above analysis considers the specific case of contamination of the Odaw
river, the mechanisms through which this may affect health are broad. One specific
mechanism through which individuals may be affected is through contaminated water

use in urban crop and animal production in both Ghana and Nigeria. In Ghana, urban

24To avoid the possibility of confounding downstream with distance to the dump, we exclude from
the analysis clusters that are located more than 5 Km from the dump.
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Table 3: The impact of dumping sites on newborn and infant health: downstream vs.
upstream households

(D (1)

Neonatal Mortality Infant Mortality

Downstream -0.043* 0.001

(0.022) (0.033)
Post x Downstream  0.109*** 0.089

(0.039) (0.063)
Year of birth FE Yes Yes
Mean mortality 0.032 0.059
N 309 270

Standard errors (in parenthesis) are clustered at the DHS clus-

ter level. *** p-value < 1%, ** p-value < 5%, * p-value < 10%.
Post is a dummy variable indicating a child was born after
2001. Downstream is a dummy variable for living downstream
the river Odaw. Children born between 1996 (5 years pre) and
2006 (5 years post), and within 5 Km from the Agbogbloshie
dump, are included in the analysis.

agriculture takes two main forms: backyard farming mostly for personal consumption
and market-oriented open-space farming on larger plots (Lydecker and Drechsel, |2010).
A study by |Amoah et al.| (2007)), for example, finds contaminants in the lettuce produced
at two urban cites in Ghana, one of which is located in our treatment area, downstream
of the river Odaw. An estimated 90% of vegetables eaten in Accra are grown within
the city, and urban agriculture depends primarily on untreated water for it’s irrigation
source (Keraita et al., 2008)). Similarly, in Lagos, studies suggest that urban farming is
fragmented, with smaller plots of land - frequently squatting rather than ownership or
leasing of land (Lawal and Aliu) 2012)) - utilising green disused space near roads and in
the wetlands of Lagos, focusing on crops such as leafy vegetables and cassava, and small
livestock such as poultry (Oludare et al., [2009; Lawal and Aliu, 2012). It is therefore
inherently small scale and frequently no more than subsistence farming; one study found
70% of urban farmers in Lagos consumed their own produce in the household (Lawal
and Aliu, [2012). In both study areas cattle, goats, and other small animals are raised
for meat consumption and are likely to drink contaminated Water.ﬁ In what follows, we
investigate the effects of contaminated water through urban animal productionﬂ

We compare mortality outcomes across clusters with different prevalence of urban
animal farming. Unfortunately, information on household livestock holdings was not

collected in earlier rounds of the Ghana or Nigeria datasets, therefore we determine

25This includes contaminated water transported from site to elsewhere but also, in the case of both
dumping sites, livestock that grazes on the waste itself at the dumping sites (Alani et al., 2020; Daum
et al., 2017)).

“®Whilst it would be of interest to investigate the effects of urban crop production, unfortunately data
on this at the cluster level are not available.
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the intensity of animal farming by using data from the Gridded Livestock of the World
database (GLWD) (Robinson et al.,[2014) which contains information on livestock density
(heads of livestock per square kilometre) separately for sheep, goats, pigs, cattle and
chicken at the cluster level Pl GLWD data have been linked to DHS clusters via the DHS
Spatial Covariate datasetf| We combine these measures of different types of livestock
into an indicator variable Livestock, which equals one if the cluster livestock density
measure is greater than zero for at least one type of livestock. In the 20km region around
the dumpsite, 18.72% of clusters are classified as having livestock, whilst within the areas
within 5 km of the dumping sites, 16.5% of clusters are classified as having livestock.

Results are shown in Table 4 Columns (I) and (II) show results when we simply add
an indicator for livestock and it’s interaction with Post in our analysis. We find no rise in
mortality in livestock within the 20km zone around the dumpsites in the post dumpsite
period. Columns (III) and (IV) however extend this specification to allow for variation by
distance from the dumpsite in a triple difference framework which includes the interaction
between an indicator for post-dump, an indicator for livestock, and distance from the
dumpsite. We now find that households in higher-density livestock experience higher
neonatal (infant) mortality after the creation of the dump, than those in areas without
livestock. This effect, however, declines with distance from the site, with a negative
and statistically significant effect on the triple interaction term. Thus, the mortality
increases we observe in the post-dump period in livestock areas appear to be strongest
in households near to the dump as opposed to far.

Due to the complexity of modelling a triple difference interaction in an event study
framework, for simplicity we focus on areas within 5km of the sites and consider the effect
of Post x Livestock (Appendix Table . We see a clear jump in mortality for those
living in areas with higher prevalence of livestock, after two years from the creation of
the dump. This is again consistent with the gradual accumulation of contaminants in the
surrounding environment.

Taken together these two sets of results suggest that contamination of water - both
river and groundwater - by pollutants from the dump sites, contributes to the effect we
find, through not only direct exposure to water through cooking and bathing but also
through locally sourced farm products.

The widespread practice of burning plastic and cable coverings from electronic equip-

2"Since data on household livestock holdings is available in the 2008 survey for Ghana, we have
confirmed that households with livestock are more likely to be based in clusters with higher livestock
density according to the GLWD.

28The measure reported in the Spatial Covariate dataset is the average livestock density within 2 km
of clusters. Livestock density is calculated as within 10 km for rural clusters, but note that 96% the
clusters in our sample are classified as urban. See the DHS Program Geospatial Covariate Datasets
Manual (Mayala et al., [2018) for more detail and information.
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Table 4: The impact of dumping sites on newborn and infant health through urban
farming

(D) (1) (111) (1v)
Neonatal Infant Neonatal Infant
Mortality Mortality Mortality =~ Mortality
Post x Distance (km) -0.004***  —0.005**  —0.001 -0.002
(0.001) (0.002) (0.001) (0.002)
Post x Livestock 0.022 0.021 0.140%**  0.161***
(0.015) (0.021) (0.029) (0.056)
Post x Livestock x Distance (km) —0.011%F%  —0.013%**
(0.003) (0.004)
Livestock -0.015 -0.012 -0.014 0.030
(0.010) (0.012) (0.018) (0.032)
Distance (km) 0.002 0.003** 0.002 0.004***
(0.001) (0.001) (0.001) (0.001)
Distance (km) x Livestock -0.000 -0.004
(0.002) (0.003)
Mean 0.036 0.056 0.248 0.250
N 3359 3094 3359 3094

Standard errors (in parenthesis) are clustered at the DHS cluster level. *** p-value
< 1%, ** p-value < 5%, * p-value < 10%. Regressions include only clusters within
5 km from the dumping site. Post is a dummy variable indicating a child was born
after the creation of the dump. Livestock is a dummy variable for being in a cluster
with livestock density greater than 0. Children born between 5 years pre- and 5 years
post are included in the analysis; for Ghana this is 1996-2006 and for Nigeria this is
2001-2011.

ment in open grounds releases toxins and other dangerous compounds (Mudge et al.,
2019), which can have damaging effects on adults and children health. For the Agbog-
bloshie site, for example, [Kwarteng et al.| (2020]) finds exceptionally high concentrations
of particulate matters attributed to burning of e-waste. Similarly, at the Solous site in
Lagos, fires have been reported to smoulder from weeks to months at a time (Aderemi
and Falade| [2012)). Airborne particulate matter are vectors for contaminant and have the
potential for long-range transport. Yet, most of the empirical evidence focuses on on-site
measurements, while less is known about the effects on the surrounding communities. A
few recent studies based on the Agbogbloshie site find evidence of e-waste related air-
borne contaminants in upwind areas (East and North-East) at 2 km from the edge of cite
(Fujimori et al| (2016)), Kwarteng et al.| (2020)). Unfortunately, we are unable to provide
additional empirical evidence on this mechanism, given the lack of sufficiently detailed
data on air pollution. Ground level monitoring of ambient air quality is still very limited,
and satellite-based data, for the period of the analysis, are not available at a sufficient

level of spatial desegregation to allow us to disentangle variations in urban air quality.@

29 Ambient air monitoring in Accra started in few sites around 2006. As of 2019, there are no opera-
tional air quality monitoring stations in Lagos.
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7 Robustness checks

The results presented so far suggest that exposure to an e-waste dumping site causes an
increase in both neonatal and infant mortality. In this section we provide further support
to our results by providing a set of robustness checks with the aim of a) controlling
for potential confounding effects, b) investigating alternative samples and c¢) considering
whether alternative explanations other than the presence of e-waste sites might drive our

results.

7.1 Inclusion of additional controls

Though we find limited evidence of differences in compositions of births between areas
(see section [3), we investigate the robustness of our results to the inclusion of a set of
additional control variables. These include a vector of control variables at both child and
household level, as well as country (i.e. dump-specific) time trends. We include urban
status, mother’s age at birth, mother and father’s educational level, mother age at birth,
the child’s gender and whether the birth was a multiple birth |

There are two other concerns with regard to the locations of the dumpsites. The first is
potential endogenous selection of dumpsite location, with the decision to locate a dumping
site in a particular location being determined by characteristics of the surrounding area,
where such characteristics also affect mortality. This would violate our identification
assumption that there are no time-varying or cluster-specific effects correlated with the
dump site location that also determine mortality. Our estimate could then confound
the effect of the dump with changes in other characteristics of the area that also affect
mortality. The second concern might be that our estimates may simply be picking up
differences in peri-urban areas over time, particularly in the case of Accra where the
observations closest to the site are in the city and the observations further away are more
sub-urban Pl

To address these concerns, we investigate the inclusion of interactions between cohort
dummies and variables that capture urbanisation extent and local economic activity at the
cluster level prior to the existence of the dump sites. This allows for differential variation

in our outcome variable based on pre-existing differences between the characteristics of

30Father’s education level is not available for the Nigeria MIS-DHS surveys, so that these surveys
are not included in this analysis. Our results are robust to dropping controls for father’s education and
including MIS-DHS surveys in the following robustness checks (results available on request). The DHS
data collects information on the wealth index of households, but we do not include this in our vector of
household controls since it may be affected by the presence of the dumping sites and therefore a “bad
control”.

31Note that this is less of a concern for Nigeria since the dumpsite itself is located in a peri-urban
area outside of the centre of Lagos city.
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our clusters.

To capture urbanisation extent, we use data provided in the DHS spatial co-variates
file on the built-up index of a cluster@ For local economic activity, we use nightlight data
as a proxy for local economic activity, sourced from the National Oceanic and Atmospheric
Administration (NOAA) | Figures and show variation in nightlight data in 1995,
2000, 2005 and 2010 for Ghana and Nigeria and demonstrate that, over the time period we
consider, both areas have become more developed, with increases in nightlight intensity.
They also show that, in 1995, areas nearer the dump sites were those where more economic
activity was observed. We therefore calculate the average 1995 nightlight value for the
area within the 2 km buffer of our clusters, and include this in the analysis.@

Our results are robust to the inclusion of additional control variables, and to the in-
teraction of cohort dummies with built-up extent in 1990 and local economic activity in
1995 (Table . Our main coefficients of interest remain similar in magnitude and pre-
cision across all the proposed specifications. We also use the same controls to implement
the Doubly Robust (DR) estimator proposed by (Callaway and Sant’Anna (2021) using
a binary treatment indicating whether a household lives within 5 Km from the site[”
This approach combines the outcome regression approach (Heckman et al., |1997) and
the propensity score weighting approach (Abadie, [2005) to estimate the causal effect of
exposure, conditional on pre-treatment covariates. Results are shown in Figure and
confirm the absence of pre-trends and provide average treatment estimates of comparable

magnitudes to our main findings for this specification as presented in Figure [A.2]

7.2 Slum and location effects in Ghana

Related to the issues discussed above, in the case of the Agbogbloshie site in Ghana, an
additional concern is that the estimated effect of the dumping site could be confounded
by its proximity to slum areas, which are characterised by poorer living conditions. It
could be argued that the location of the dumping site coincide with a high densely

populated area, while farther away households are located in suburban and less densely

32This is an index ranging from 0 (extremely rural) to 1 (extremely urban) for the area within the 2
km (urban) or 10 km (rural) buffer surrounding the DHS survey cluster location. In our sample, just 7
of the 180 clusters are classified as rural by the DHS. It is available for either 1990 or 2000, and we use
1990, which is prior to both the Ghanaian and Nigerian sample time frames.

33We use the DMSP-OLS Nighttime Lights Time Series which is available from 1992-2013. This has
been used by a number of recent studies to consider economic activity at a localised level; see Donaldson
and Storeygard| (2016) for a discussion of the uses of this data in economics.

3% Average nightlight values within the 2 km buffer were calculated by the Authors in ArcGIS Pro,
through overlaying the gridded nightlights data over the cluster locations and computing zonal statistics
within 2 km buffers of the cluster points.

35We use this binary treatment since it is currently not possible to implement the DR estimator in
the case of a continuous treatment as in our main specification.
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populated areas. The Agbogbloshie site is located near three major slum areas (Figure
. In particular, it is contiguous to one of the largest slums in Accra: Old Fadama,
also known as Sodom and Gomorrah. This slum area was estimated to host about 30,000
residents in 2004 and is classified as one of the four major extralegal settlements in Ghana
(Oppong et al| (2020), [Paller| (2015))) F¥] While we are not aware of specific interventions
or shocks affecting the livelihood of slum residents during the period of analysis, we are
still concerned about the possible confounding effects of deteriorating living conditions in
the slum areas surrounding the site. Indeed, evidence suggests that the health of children

living in slums is poorer than that of other urban children (Fink et al., [2014).

Table 5: Placebo analysis: Adoabo slum

M (IT)
Neonatal Infant Mortality Mortality

Distance (km) —0.003** -0.004**
(0.001) (0.002)
Post x Distance (km)  0.002 0.001
(0.002) (0.004)
Year of birth FE Yes Yes
Mean mortality 0.042 0.071
N 755 691

Standard errors (in parenthesis) are clustered at the DHS clus-
ter level. *** p-value < 1%, ** p-value < 5%, * p-value < 10%.
Post is a dummy variable indicating a child was born after 2001.
Distance is measured from the Adoabo slum. Children born be-
tween 1996 (5 years pre) and 2006 (5 years post) are included
in the analysis.

To investigate whether the effects we find for the Agbogbloshie site in Ghana might
reflect location-related effects, we estimate a placebo regression using a similar-size slum
area in Kumasi, the second-largest city in Ghana. The Aboabo settlement in Kumasi
is an extralegal slum that hosted about 34,000 residents in 2000 (Dakpallahl 2011)) and
is also located within a high densely populated urban centre. Figure shows the
location of the DHS clusters used in the placebo analysis. We re-estimate equation [I]
using distance from the centre of the Adoabo slum as a placebo treatment, but maintain
the treatment year as 2001. Table |5 shows the results. Whilst mortality is higher in
general for households closer to the slum (and declines with distance from the slum),
there is no differential effect in the post e-waste site period. Thus, results from this

placebo analysis exclude the possibility that changes that might have occurred in slums

36Settlements in Ghana can be classified according to three types: indigenous (landlords are indigenous
and local customs dominate local politics), purchased (when neighbourhoods formed historically when
settlers purchased plots of land from authorities), and extralegal. Only indigenous settlements are
recognised by the government, and extralegal settlements in particular are associated with poor quality
housing such as shacks and kiosks (Paller} 2015)).
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or in high densely populated urban centres in Ghana at the time the e-waste site was
established are driving our main results. We do not conduct a similar analysis for Nigeria
as the site is located in the outskirts of Lagos and major slums are located near Lagos
Mainland, which is located about 15 Km from the dumping site, and so do not pose

threats to our identification strategy.

7.3 Residential sorting and employment effects of the dump

We next focus on two concerns regarding potential changes to the characteristics of house-
holds before and after dump creation that may affect our estimated results. The first
concern is that of the potential residential sorting induced by the creation of the dump
i.e. the possibility that families in relatively worse/better health conditions have been
attracted or displaced by the creation of the dump. The second concern is that the
dumpsites may have changed the employment prospects of households nearby so that
there may be possible mitigating effects of dumpsite creation if it leads to higher income
amongst households, which may itself lead to dump-induced migration.

As described in section [3 our sample of women is drawn from surveys carried out in
Ghana between the years 1998-2008, whilst for Nigeria we have surveys from 2003-2013.
Thus, we observe women interviewed before and after the e-waste sites were established.
To investigate whether changes in the composition of households before and after dump
sites drives our results, we proceed in two ways. First, we focus on the individual (woman)
level data, as opposed to the child (birth level) data, and regress household characteristics

(Z) on treatment indicators as follows:
Zijs = 5DIST‘U + 77P08t3 X D[ST’” + vs + 9d + €ijs (3)

Here, Post, is an indicator equal to one if a woman interviewed in survey round s
was interviewed after the e-waste site was established. Thus we compare characteristics
of women before and after e-waste site creation in areas near and far from the sites.

Our second approach to investigating potential residential sorting is to re-consider
the child level data and estimate equation [1| for non-migrant families only, as well as
investigating the inclusion of mother-fixed effects in the analysis.

Table reports results from estimating equation [3| for a range of demographic
indicators including education and employment of both the woman and her spouse. For
spousal indicators, the sample size is smaller due to this not always being collected in
the surveys. Country-specific estimates are given in tables and There is very
little evidence of changes in the composition of households living near as opposed to far

(as measured by distance in km) to e-waste sites either before or after the e-waste sites
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were openedm Of interest is the fact that employment rates do not seem to be affected
by the dumpsite creation %]

Nonetheless, to further address any concerns regarding residential sorting we re-
estimate equation (1}, by restricting the sample to non-migrant households, i.e. households
that were living in the same location prior to the creation of the dumping site, hence ex-
cluding possible inward migrants. We are only able to do this for Ghana since residency
information is not collected in the 2010 or 2013 surveys for Nigeria@ From our origi-
nal sample, we lose 2,554 observations due to dropping Nigeria from the analysis, and
a further 268 by removing inward migrants, who make up 33.3% of our original Ghana
sample. As we might expect, the majority (198) of observations that we lose occurs in
the 2008 survey, since our restriction here implies that they must have been living in the
area since 2000 (8 years). Regression results are given in Table |§|, and the event study
analysis is presented in Figure [8, These results confirm our previous findings and indi-
cate a negative effect of the Agbogbloshie dump site on infant mortality for non-migrant
households. The effects for non-migrants (column (IV)) are even larger when compared

to the full Ghanaian sample (column (III)).

Table 6: The impact of dumping sites on newborn and infant health: non-migrants only,
Ghana

() (1) (111) (IV)
Neonatal Mortality Infant Mortality
All Non-migrants All Non-migrants
Distance (km) 0.001 -0.001 0.002** 0.001
(0.000) (0.002) (0.001) (0.003)
Post x Distance (km) —0.004***  -0.003 —-0.007FF*  —0.011%*
(0.001) (0.003) (0.001) (0.005)
Year of Birth FE Yes Yes Yes Yes
Mean mortality 0.030 0.028 0.051 0.049
N 805 537 727 469

Standard errors (in parenthesis) are clustered at DHS cluster level. * p < 0.1,
** p < 0.05, ¥** p < 0.01. Post is a dummy variable indicating a child was born
after the creation of the Agbogbloshie site (t = 2001). Children born between
1996 (5 years pre) and 2006 (5 years post) are included in the analysis. Non-
migrants refers to the restricted sample where the mother has been resident in
the household prior to the creation of the Agbogbloshie dump site.

37The one exception is the proportion of spouses with no education, which falls with distance prior
to dumpsites being created and rises with distance afterwards. This would imply that, if anything,
spousal education improved nearer dumpsites after their creation, so that it cannot explain our results.
This statistically significant effect is only found in the pooled sample, and not in the country-specific
regressions.

38Note that we only look at female employment rates here, because spousal employment is missing
for nearly 70% of observations.

39 Although residency information is collected in 2008, this only gives us information on deaths in the
1-2 year period post dump.
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Figure 3: Event studies for neonatal (left) and infant (right) mortality: non-migrant
households (Ghana only)

(a) Neonatal: distance from dump (b) Infant: distance from dump
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Authors’ calculation based on the DHS data for Ghana. Biannual time indicators are used due
to small sample sizes to increase precision, and children born 6 years after dump creation are
included in the analysis. Results are obtained by interacting the biannual time indicator with
distance from the dump (in Km). The vertical lines indicate 95% confidence interval.

Next, we re-estimate equation for non-migrants, and include mother fixed effects,
to compare outcomes between siblings born before and after the creation of the Ag-
bogbloshie e-waste site. Compared to the results in Table [ the coefficients for infant
mortality are of larger magnitude: one additional kilometre from the dump decreases
infant mortality by 15 deaths per 1,000 births (Table @ When we consider neonatal
mortality however, we do not find evidence of statistically significant differences between
children born to the same mothers before and after the e-waste site creation.

Overall, taken together, tables[A.6A 8] [f|and [7]suggest that residential sorting arising

as a result of the establishment of the dump sites does not drive our main results.

8 Conclusions

This paper estimates the health impacts of e-waste dumping sites on newborn and infant
health in Ghana and Nigeria, which are major hubs in terms of trade and disposal of e-
waste (Schluep et al.; 2011). We find that proximity to an e-waste site increases neonatal
and infant mortality. One additional kilometre from the dumping site decreases neonatal
mortality by 6 deaths per 1,000 births and infant mortality by 7 deaths per 1,000 births.
These effects are large relative to the mean, and reflect sharp observed increases in mor-
tality in communities near to e-waste sites in the post-site period. We continue to find
negative effects on health when we restrict the analysis to non-migrants, and when we

consider sibling fixed effects, but data restrictions lead to substantial losses in sample size
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Table 7: The impact of dumping sites on newborn and infant health: mother FE, non-
migrants only

(D) (1)

Neonatal Mortality Infant Mortality

Post x Distance (km) -0.002 —0.015%*
(0.004) (0.007)
Mother FE Yes Yes
Year of Birth FE Yes Yes
Mean Mortality 0.027 0.046
N 521 455

Standard errors (in parenthesis) are clustered at mother level. *

p < 0.1, ¥ p < 0.05, ¥* p < 0.01. Post is a dummy variable in-
dicating a child was born after the creation of the Agbogbloshie
site (t = 2001). Children born between 1996 (5 years pre) and
2006 (5 years post) are included in the analysis. Non-migrants
refers to the restricted sample where the mother has been resi-
dent in the household prior to the creation of the Agbogbloshie
dump site.

which affect our ability to precisely estimate effects in these specifications. Additional
evidence is suggestive of contamination of water and of locally sourced farm products
as possible routes of exposure. Air pollution caused by the burning of plastic and other
components is also another possible mechanism, although the lack of data prevent us
from directly testing this hypothesis on our sample.

Our work has implications for the appropriate management of e-waste dumping sites,
in a context in which there is growing concern about both the illegal flow of e-waste, and
the export of near end of life electronics, which end up soon discarded in the destination
country. Our results reveal the catastrophic impacts that the inappropriate management
of e-waste has had on local communities and highlight the importance of growing efforts

to re-visit and strengthen the rules on the trade and management of e-waste.
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Appendix

Figure A.1: Dumping sites and households location

(a) Ghana

(b) Nigeria

Maps plotting DHS data for Ghana and Nigeria. Dots represent DHS clusters and are colour
coded for survey year. Dumpsite locations are given by the squared points. The black buffer
represents 20km from the sites and inclusion into our sample. The hatched buffer area in Nigeria
shows the existence of the older dump known as Olusoshun, not included in the analysis, and
all clusters within this 5km buffer are excluded from our analysis.
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Figure A.2: Event study for neonatal (left) and infant (right) mortality: binary treatment

(a) Neonatal mortality (b) Infant mortality
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Authors’ calculation based on the DHS data. Includes both e-waste sites. For consistency
between the two countries we consider a common number of years (5) before and after the
dump. The plots are created by a linear regression of mortality on a full set of event time
indicators (years from dump) interacted with a dummy indicating whether the household lives
within 5 Km from the site and controlling for country and birth year fixed effects. The vertical
lines indicate 95% confidence intervals.
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Figure A.3: Event study for neonatal (left) and infant (right) mortality: Ghana

(a) Neonatal: distance from dump (b) Infant: distance from dump
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Authors’ calculation based on the DHS data for Ghana. The plots are created by a linear
regression of mortality on a full set of event time indicators (biannual) for country and year
fixed effects. Results are obtained by interacting the biannual time indicator with distance from
the dump (in Km). The lines indicate 95% confidence interval.
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Figure A.4: Event study for neonatal (left) and infant (right) mortality: Nigeria

(a) Neonatal: distance from dump (b) Infant: distance from dump
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Authors’ calculation based on the DHS data for Ghana. The plots are created by a linear
regression of mortality on a full set of event time indicators (biannual) for country and year
fixed effects. Results are obtained by interacting the biannual time indicator with distance from
the dump (in Km). The lines indicate 95% confidence interval.
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Figure A.5: Nightlights over time: Ghana

(a) 1995 (b) 2000

(c) 2005 (d) 2010

Image and data processing by NOAA’s National Geophysical Data Center. DMSP data collected
by US Air Force Weather Agency. The squared point indicates the Agbogbloshie dumpsite. The
black buffer represents 20km from the sites and inclusion into our sample; blue dots indicate
DHS clusters.
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Figure A.6: Nightlights over time: Nigeria

(a) 1995 (b) 2000

(c) 2005 (d) 2010

Image and data processing by NOAA’s National Geophysical Data Center. DMSP data collected
by US Air Force Weather Agency. The squared points indicates the Solous and Olusoshun dump
sites. The black buffer represents 20km from the Solous site and inclusion into our sample; blue
dots indicate DHS clusters.
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Figure A.7: Slum area in Accra - Ghana

Map plotting DHS data for Ghana. Dots represent DHS clusters in the proximity of the e-waste
site. The shaded areas represent slums locations. Striped areas are extralegal settlements,
which in the postcolonial context, gathered previously marginalized communities to establish
territorial authority (Paller, 2015).
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Figure A.8: Aboabo slum in Kumasi - Ghana

(a) Location of Aboabo slum

(b) DHS clusters in the proximity of Aboabo

Map plotting location of Aboabo slum in Kumasi, Ghana. Dots represent DHS clusters. The
black buffer is drawn at 20km from the slum centre.
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Figure A.9: Upstream and Downstream clusters in Ghana

Maps plotting DHS data for Ghana. Dots represent DHS clusters. The dashed buffer indicates
5km from the e-waste site. Green dots are categorised as upstream, while those in blue are
categorised as downstream.

Figure A.10: Event study for neonatal (left) and infant (right) mortality: downstream
versus upstream households

(a) Neonatal mortality (b) Infant mortality
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Authors’ calculation based on the DHS data for Ghana. The plots are created by a linear
regression of mortality on a full set of event biannual time indicators interacted with a dummy
variable taking value one for downstream households and controlling for time fixed effects. We
consider biannual time indicators rather than annual indicators due to the small sample sizes
in this analysis. The vertical lines indicate 95% confidence interval.
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Figure A.11: Event study comparing areas with high and low prevalence of livestock
(within 5 km)

(a) Neonatal mortality (b) Infant mortality
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Authors’ calculation based on the DHS data for Ghana and Nigeria. Includes both e-waste
sites. For consistency between the two countries we consider a common number of years (5)
before and after the dump. The plots are created by a linear regression of mortality on a full
set of event time indicators (years from dump) interacted with a dummy indicating whether the
cluster is considered to have livestock. We consider only cluster with 5 km from the dumping
sites. The vertical lines indicate 95% confidence intervals.

Figure A.12: Event study estimates based on Doubly Robust estimator

(a) Neonatal mortaity (b) Infant mortality
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Results obtained implementing the Doubly Robust estimator by |Callaway and Sant’Anna
(2021), using a binary treatment indicating whether the household lives within 5 Km from the
site. Data include both e-waste sites. For consistency between the two countries we consider
a common number of years (5) before and after the dump. The lines indicate 95% confidence
interval.
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Table A.4: The impact of e-waste sites on newborn and infant health: site specific analysis

M (IT) (1) (IV)
Ghana Nigeria
Neonatal Infant Neonatal Infant
Mortality Mortality Mortality Mortality
Distance (km) 0.001 0.002 0.002* 0.004%**

(0.002) (0.003) (0.001) (0.001)
Post x Distance (km) —0.004*  -0.007*  -0.003**  —0.004*
(0.002)  (0.004)  (0.001)  (0.002)

Mean mortality 0.030 0.051 0.038 0.057
N 805 727 2554 2367
Dump FE Yes Yes Yes Yes
Year of Birth FE Yes Yes Yes Yes

Standard errors (in parenthesis) are clustered at the DHS cluster level.
*** p-value < 1%, ** p-value < 5%, * p-value < 10%. Post is a dummy
variable indicating a child was born after the creation of the dump site
(For Ghana, t = 2001; for Nigeria, t = 2006). Children born between 5
years pre- and 5 years post are included in the analysis; for Ghana this
is 1996-2006 and for Nigeria this is 2001-2011.
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