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Impact of awaste disposal site on children physical growth
CARMEN ELIsA Ocampo,MD, M G EpiDEMIOLY, ALBERTOPRADILLA, MD?2, FABIAN MENDEZ, MD, P HD?

SUMMARY

Background: Several epidemiological studieshaveshownanincreasedrisk of health problemsamongpopulationliving
closetolandfills. Weeval uated theimpact of amunicipal solidwastedisposal siteonchildren’ sgrowthbetween0-3years
of age.

Methods: Childrenweresel ectedinsiteslikely toreceivedispersion of air compoundsfromthewastedisposal siteand
alsoinacontrol area, inCali, Colombia, in2005. Anthropometric measureswereobtai ned at enrolment andintwofollow-up
visitsat 3monthsinterval sto obtai n standardized z scoresof wei ght for height (WHZ) and height for age(HAZ). Inaddition,
guestionnairesincludinginformation of socio-economical conditionsand morbidity wereappliedat enrolment and during
follow-upvisits.

Results: Childrenexposed had onaverage0.16|essstandard deviations(SD) inWHZ scoreswhen comparedtocontrol
group(95% Confidencel nterva [Cl]:-0.34,0.01). Amongthosewhohavelived >50%of thei r lifeinthestudy area, asignificantly
lower HAZ scorewasobserved (-0.12) associated withexposure. Our dataal sosuggest alarger effect of exposuretothewaste
disposal sitein WHZ among childrenwith symptomsof respiratory di seasethan among asymptomatic children (p=0.08).

Conclusions: Exposuretothiswastedisposal sitewasfound associ ated withlower children’ sgrowthindexes.
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RESUMEN

Antecedentes:. V ariosestudiosepidemiol 6gicoshan mostrado unaumentoenel riesgodepresentar problemasdesalud
entrel aspersonasquehabitancercaal osrell enossanitarios. Enesteestudi o seeval ué el impactodeundepdsitomunicipal
deresiduossdlidosenel crecimientodelosnifiosentre0y 3 afiosdeedad.

Materialesymétodos: L osnifiosexpuestossesel eccionaronensitiosconal taprobabilidad deexposicidnal osagentes
provenientesdel depdsitopor dispersidnaérea. Sesel ecciondungrupocontrol cuyadi stanciay ubicacidnhaciapocoprobable
gue estuviera expuesto a dichos agentes. Se obtuvieron medidas antropométricas ala captacion y en dos visitas de
seguimiento, coninterval osde3meses. Seobtuvieronlospuntgj esestandarizadosdeZ del pesoparalatalla(PT) ytallapara
laedad (TE). Ademas, sereali zaron cuestionari osacercadecondi cionessoci o-econémicasy morbilidad enlacaptaciony en
lasvisitasdeseguimiento.

Resultados: L osnifiosexpuestostuvieronenpromedio0.16 desviacionesestandar (DE) menosenel PT al compararlocon
el grupocontrol (intervalodeconfianza95%[1C]: -0.34,0.01). Entrelosque habian habitado>50%desusvidasenel &reade
estudio, seobservéunmenor valor de TE (-0.12) asociado conlaexposicion. L osdatostambién sugirieronunmayor efecto
delaexposiciénenel PT entrel osnifiosquepresentaron sintomasrespiratoriosduranteel seguimientoencomparacioncon
losnifiosquepermaneci eron asintomaticos(p=0.08).

Conclusiones: Laexposicional depdsitoderesi duossolidosseasoci 6 conunmenor val or enlosindicesdecrecimiento
pondo-estatural.

Palabras clave: Residuossélidos; Rellenossanitarios; Crecimiento; Medioambienteysalud pablica.
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Industrial development, population growth and
uncontrolled migration to urban areas have notoriously
increased production of solid waste. An evaluation
carried out by the Pan American Health Organization
(PAHO)! estimated that by 2001 Latin America daily
produced around 369,000 tonsof municipal solidwaste,
of whichonly 60-80% werecollected and lessthan 25%
had acceptable disposal.

To prevent environmental pollutionincities, landfill
sites or controlled waste disposal sites are the most
frequently utilized strategies. However, several epide-
miological studies have shown an increased risk of
health problems among population living closeto these
sites? 6, Researchresultsarenot conclusive, and World
Health Organization (WHQO) recommends that investi-
gations should be done among vulnerable population
such as newborns, children, pregnant women and
seniors’.

Growth in children is acomplex process that can be
influenced by many factors including environmental
ones®!!, Some studies have explored the association
between contamination and growth using crude measu-
rements of height and weight, and in previous investi-
gations a reduction of height associated to higher blood
levels of contaminants and poorer air quaity was
reported®3, However, the specific association between
exposureto landfill sitesand children growth hasnot been
subject of research. Onestudy carried out in 1987 among
childrenliving near solid waste polluted watersfound that
thosewho had lived around thesitemorethan 75%of their
life presented a significant reduction in percentiles of
height-for-age, even after adjusting for socioeconomic
conditions, parental height and chronicillnessof children®.

We present here a study that was part of a larger
prospectivecohort design carried outin Cali, Colombia,
which included environmental evaluations and assess-
ment of health effects of the municipal waste disposal
site, the Navarro waste disposal site (NWDS), inthree
age groups: 0-3, 1-5 and >50 years of age. We show
here results of the 0-3 years of age group follow-up to
evaluatepotential impact of thissolid wastedisposal site
in the growth of childrenliving initsareaof influence.

MATERIALS AND METHODS

Study area. The study was conducted in the urban
areaof Cali, located at an altitude of 960 meters above
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sealevel andwith an averagetemperatureof 24° C. The
zone selected as exposed to NWDS emissions was
located in aperimeter of 0-3 kmaround theNWDSand
inthe predominant wind direction; whilethecontrol zone
was selected at a distance >3 km and in the opposite
direction to the predominant wind direction. An effort
was al so made to choose the zones so that they would
beassmilar aspossibleinasmuchasother environmenta,
topographic, and socioeconomic factors (urban/rural
distribution, 2, 3and 4 socioeconomic strata) or inother
words, that the major difference between them would
betheir location in relation to the NWDS.

Theneighbourhoodswhichfitwith selectivecriteria
as being exposed were the corregimiento of Navarro,
locatedinarural zone, and the neighbourhoods: Moricha
deComfandi, Ciudad Cérdoba, and Caney, locatedinan
urban zone. Neighbourhoods selected as control zone
were the corregimiento de Hormiguero, located in a
rural zone, and the neighbourhoods Departamental,
Cristébal Col6n, Leon XI11 and Conquistadores, located
in an urban zone.

Theparameter of interest for samplesizecalculation
wasthe standardized Z score (growth indicator) using
formulaefor differences between means. A Z score of
0.00 DEwasassumedfor thecontrol groupand required
samplesizefor different valuesof Z werecal culated for
the exposed group. In all calculations we used a
significancelevel of 0.05, astatistical power of 80%and
acorrel ation coefficient between measurementsof 0.8.
Hence, the estimated sample size was 300 children <3
years of age. The parents or tutors of the selected
children were invited to participate and their informed
consent wasobtai ned, after explaining study’ sobjectives
and procedures. The protocol wasreviewed and approved
by thelnstitutional Review Board of the Universidad del
vadle

Endpoints and covariates. Anthropometric
measurementswere obtai ned at recruitment and intwo
follow-up visitswith an interval of three months. The
measurements were conducted by trained auxiliary
nurses following the recommendations of the United
StatesNational Centre Guidefor Health Statistics. The
height in centimetres in supine position was taken for
children <2 years of age and the standing height for
children >2 years of age. Theweight in kilogramswas
measured using ahanging balance. All themeasurements
were taken twice during each visit and were averaged
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to reduce the measurement error.

TheEPI-NUT program (Epi-1nfo 2000) wasusedto
obtainthez-standardized of WH and HA.. After detection
of extreme data, the questionnaires were reviewed in
order to discard possible errors in data entry. The
extreme values which were not compatible with the
expected physiological growthwerecodifiedasmissing
data. A total of 1,701 values of z were obtained and of
these only 26 (1.5%) were codified as missing data.

Datacollectorsfilled questionnaireswhichincluded
informeation on soci o-economic conditionsand morbidity
at recruitment and at follow-up visits. Information was
al socollected regarding educational level and occupation
of parents, monthly income, social security affiliation,
and access to public services, number of household
inhabitants and house construction materials, as an
indicator of socio-economic condition. The mother’s
weight aswell aslactationinformationwasal so collected
during the first visit. In addition, during each visit we
collected information on acute disease (i.e. respiratory
symptoms or diarrhoea) and documented changes on
themonthly income.

Data management and analysis. Questionnaires
wereapplied by trained healthworkersand reviewed by
afield supervisor to correct inconsistencies. Normal
distribution of Z scores was checked to allow use of
Gaussian based dtatistical methods. Scoreswereinitially
summarized and compared between exposed and con-
trol groupsat eachvisit. Linear regressionanalysiswas
carried out using generalized estimating equations (GEE)
toaccount for thecorrel ation between repeated measures
over time!4. Estimates of NWDS exposure effect in
childrengrowthwereadjusted by mother height, socio-
economical variables and acute morbidity incidence.
Effects were also stratified by children age (i.e.; <24
and >24 months) to evaluate heterogeneity in growth
indicators between thesetwo groups. To assess effect
modification by acute morbidity during follow-up and
proportion of lifetime living in the area, multivariate
modelswere stratified accordingly.

RESULTS
Between July 2005 and January 2006, atotal of 1,972
homeswerevisitedinthestudy areaand 354 children<3

yearsof agewereincludedinthe exposed group, while
325wereenrolledinthecontrol group. Medianduration
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of follow-upwas6.3months(interquartilerange[1QR]:
4.9-6.8) and median interval between visits was 3.3
months (IQR: 2.0-4.7). Among children enrolled, 181
(26.6%) werelost tofollow-up (128 at the second visit
and 53 at the third). Individuals were similarly lost in
exposed and control groups (13.8%vs. 13.3%, respec-
tively), and no differences were found, in terms of
demographicandclinical characteristics, betweenthose
initially enrolled andindividual slost tofollow up (datanot
shown).

Even though an attempt was made to maintain a
similarity between theexposed and control zones, it was
observed that the exposed group enjoyed in general,
better socio-economic conditions. Specificaly, the
childrenintheexposed group had parentswith ahigher
educational level (technical or university training 25.2%
vs. 17.8%), had alarger proportion of affiliates to the
social security regime (61.8%vs. 36.7%), had ahigher
family income (>1 minimum monthly salary 62.3%vs.
43.8%) and had alarger accessto public services(with
access 85.8%\s. 66.4%) thanthe childreninthecontrol
group. Therewereno differencesinregardsto maternal
|actation, vaccination state, or maternal height. Additio-
nally, the children in the exposed group presented a
higher frequency of episodes of acute diarrhoea at the
time of the first visit (44% vs. 18.6%) and during the
follow-ups had a higher frequency of respiratory
symptoms (50.6%vs. 37.6%).

Crude means of WHZ were consistently lower at
each visit in the exposed group as compared to the
control group (0.05vs. 0.12; -0.12vs. 0.16; y 0.06 vs.
0.13). This difference reach statistical significancein
the second visit (p<0.001) when mean WHZ was-0.12
in the exposed group (95% confidence interval (Cl): -
0.26; 0.01) and 0.16 among control children (95% ClI:
0.04; 0.29). Crude means of HAZ were also lower
among exposed children during the second and third
visits (-0.27vs -0.19; y -0.17vs. -0.13), but thesediffe-
renceswerenot statistically significant.

Table1 summarizeslongitudina multipleregression
estimatesfor determinantsof WHZ scoreduring follow-
up. After adjusting for demographic, socioeconomicand
morbidity variables, children exposedto NWDShad on
average 0.16 less standard deviations in WHZ scores
whencomparedtocontrol group(p=0.06). Nosignificant
differences were observed in the adjusted effect of
landfill exposurein HAZ (difference=-0.06; 95% ClI:-
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Tablel
Determinants of WHZ score according to exposureto Navarro Waste Disposal Site and
socio-demographic and clinical cofactorsinacohort of 0-3years old childrenin Cali, Colombia, 2006

Variable Coefficient (95% CI) P value
ExposuretoNWDS -0.16 (-0.34,0.01) 0.06
Age (months)

<12 reference -
12-24 -0.20(-0.37,-0.03) 0.02
>24 -0.43(-0.62,-0.24) 0.00
Maternal height (cm) 0.01(0.00,0.02) 0.08
Maternal occupation
Unemployed reference -
Employed/student 0.20(0.00,0.39) -0.04
Disease during the last month
No reference -
Yes -0.18(-0.27,-0.10) 0.00

Table2
Adjusted effect of the Navarro Waste Disposal Site on growth indices stratified by proportion of life
timelivingintheareaand p values forinteraction terms

Z score All children Proportion of lifetimeinthe study area P value
<50% >50%
WHZ? -0.16 0.02 -0.18 0.48
(-0.34,0.00) (-0.40,0.45) (-0.38,0.00)
HAZ® -0.06 0.37 -0.12 0.05
(-0.31,0.17) (-0.18,0.92) (-0.39,0.15)

a. Adjusted by age, maternal height and occupation and disease during the last month
b. Adjusted by age, maternal height, paternal education level, social security affiliation and access to public services

0.31;0.17). Theseestimatesdid not vary when stratifying
by children below and above 24 months of age.
Evaluation of heterogeneity of NWDS effects
accordingtotheproportion of lifetimeexposure(Table
2) shows that, after adjusting by other potential
confounders, exposed childrenwho havelived >50% of
their life in the study areatend to have lower Z scores
when compared to the control group (WHZ difference
=-0.18andHAZ difference=-0.12), whilethiseffectis
not seen among children recently movedinto the study
area (<50% lifetime). Inclusion of interaction termsin
themultivariatemodel showedthat theeffect of NWDS
inHAZ isheterogeneousdepending on the proportion of

lifetimeliving inthe neighbourhood (p=0.05).

To evaluate the role of acute morbidity (i.e.; respira:
tory diseaseduring follow-up) intheassociation between
NWDSexposureand growth scores, wesimilarly stratified
and tested for interaction effects. Table 3 showsaverage
adjusted difference of Z scores between exposed and
control groupsamong thosewithandwithout lower and/or
infectiousrespiratory symptoms. Our datasuggest atrend
towardlarger effect of exposureto NWDSamong children
with symptoms of disease than among asymptomatic
children, anditismore apparent in WHZ (p=0.08). Addi-
tional analysis for diarrhea during follow-up showed no
interaction (datanot shown).
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Table 3
Adjusted effect of the Navarro Waste Disposal Site on growth indices stratified by occurrence
of respiratory disease during follow-up and p values for interaction terms

Z score All children Respiratory disease during follow-up P value
No Yes
WH2z2 -0.16 -0.11 -0.21 0.08
(-0.34,0.00) (-0.32,0.09) (-0.42,0.00)
HAZ» -0.06 -0.10 -0.13 0.35
(-0.31,0.17) (-0.35,0.15) (-0.44,0.18)

a.Adjusted by age, maternal heightand occupation and disease during the last month
b. Adjusted by age, maternal height, paternal education level, social security affiliation and access to public services

DISCUSSION

Thiscohort study eval uated theimpact of inhabiting
near a solid waste disposal site on the weight-height
growth of children 0-3 years of age.Duringfollow-up,
children of the exposed group had on average alower
WHZ score when compared to a control group
(difference=-0.16; p=0.06), after adjusting by children
age, materna height, mother” soccupationandoccurrence
of disease during the previous month.

Inparticular, itisof interest to notethat exposureto
NWDS reduced WHZ score independently of acute
diseaseoccurrence. Furthermore, theeffect of NWDS
tend to belarger among childrenwith acuterespiratory
disease (difference=-0.21) than in those not reporting
respiratory disease (difference= -0.11), which better
suggest abiol ogical interaction betweenthedirect effect
of pollutants and disease.

Althoughin other studiesrespiratory disease hasnot
been associated with alteration on physical growth,
pollution and environmental factors have showed
associationwith anincrease of respiratory disease*>6.
It is possible that exposure to these environmental
factorscauseschildrentohavemoresevererespiratory
symptomsand it endsup slowing their growth.

The fact that WHZ is more rapidly affected after
acute exposures than HAZ, which usualy needs
prolonged or repeated exposures!”+18, probably explained
why thelast scorewas not found associated to NWDS
exposurein thewhole study population during thissix-
monthfollow-upperiod. However, itishighly suggestive
of chroniceffectsingrowthtofindthat HAZ isobserved

264

diminished by exposureto NWDSamong thoseresiding
>50% of their livesin the study area.

Measurement of air quality in this study area has
shown that benzene levels are higher in the exposed
areawhen comparedtothecontrol'®. Giventhat benzene
hasbeen associated withimmunol ogicand hematol ogica
effects?®, we hypothesized that long-term exposureto
benzene may have an impact on children growth.

Studies evauating landfill site effects on children
physical growtharescanty. A prevalencestudy madein
children living near awater channel highly polluted by
solid waste disposal, the Love Chanel in New Y ork®
found asignificant reductionin percentilesof height for
age, among children who have lived around that site
>75% of their life, even after adjusting for variables
such as socioeconomic conditionsand parental height.
Other studies have searched for association between
contamination and growth using crude measurements of
height and weight. In Germany, a prospective study
found a significant association between higher blood
values of dichlorodipheny! dichloroethene (DDE) and
polychlorinated bi phenyls (PCBs), two chemical com-
poundsfoundinsolidwastedisposal sites, andareduction
of height (1.8cm, p<0.05) amonggirls*®. Another pros-
pective study made in preadolescents evaluated the
impact of air quality in height gaining, and found a
reduction of 1.5 cm in height in the area with higher
levelsof SO, and particulatematerial after adjusting for
confounding variables®.

Inthisstudy exposuretothewastedisposal sitewas
ecologically defined, however the prospective cohort
design made possible to measure children mobility and
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reassured individual s stayed in the study area>80% of
timeduring follow-up. The observed low mobility was
expected to be found at this age range and helped to
reduce exposure misclassification.

Measurement of multiple covariates strengthened
our conclusionsby making possibleto adjust for known
confounding factors. It is reassuring to find in our
analysisthat poor socio-economical conditionssuchas
lack of social security and low accessto public services
were, asexpected, associated withlow growth scores.
Controllingfor thesefactorsinthemultivariateanalysis
did not eliminate the effect of NWDS.

Main limitationsof our study aretherelatively short
time of follow-up, which limited capacity to further
evaluate chronic effects, and the absence of nutritional
intake measurements. Weadjusted for acompl ete set of
socio-economical covariates expecting to estimatethe
direct effect of NWDS exposure independently of
nutritional intake. Furthermore, giventhat inthe setting
of this study the group exposed to NWDS had better
socio-economical conditionsthanthecontrol group, any
residual confoundingisprobably contributing to under-
estimate the observed negative effect of NWDS.

Inconclusion, our study showsthat exposuretothis
waste disposal siteimpact children’ sphysical growth,
withlower averageva uesof WHZ score. Theeffect on
HAZ score appearsto be at long term. Occurrence of
respiratory symptomsappearsto berelated to agreater
effect of landfill siteon physical growth.
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