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Key Messages

Problem

- Since July 2015, Lebanon witnessed a waste management crisis with

impending disastrous consequences at the health and environment
levels.

- Causes of the current problem include political favouritism and the
absence of long term planning; while its consequences comprise
unauthorized landfills and incineration sites near inhabited areas.

-3 Time lapse and changes in weather conditions have affected the release
of toxins, contamination of food and water, and emergence of infectious
diseases; thus necessitating immediate action.

- Alarming air levels of dioxins and polycyclic aromatic hydrocarbons have
been identified, rendering this problem nothing short of an emergency

Health Consequences:

------ > Landfilling is associated with

------ + Increased risk of cancer with the strongest evidence being for

pancreas and skin cancerin males

-3 Congenital abnormalities such as non-chromosomal birth defects,
nervous system birth defects, hypospadias, epispadias, and low
birth weight

-4 Increased risk of asthma and increased rate of hospitalization for
asthma and other respiratory conditions.

------ » Incineration is associated with

------ + Increased risk of cancer with the strongest evidence being for

colorectal, larynx, and stomach cancer

-3 Congenital abnormalities such as congenital urinary tract defects,
spina bifida, cardiac defects, twining, and preferential female births

-+ Decrease in respiratory function and an increase in respiratory
wheezing in children along with increased respiratory disease
mortality

- Environmental Consequences include global warming, flammability,

toxicity, asphyxiation, decreased agricultural yields, poor soil quality,
and increased animal and fish mortality.
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What other countries are doing

Countries have adopted different or combined waste management
procedures such as source reduction, collection, recycling, composting,
incineration, and landfilling based on theirincome level.

Insights into a solution

------ » Adoption of the integrated sustainable waste management approach

-3 Interdisciplinary and multi-sectoral actions are required including

political will and informed decision making, municipality support and
engagement, health sector alertness, and public awareness.
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Current Problem

Since July 2015, Lebanon has been experiencing a waste
management problem. Cessation of waste collection has resulted in
its accumulation on streets, neighborhoods, and agricultural and
water sites. Unlicensed landfills and incineration sites have emerged
in inhabited areas, further adding to the gravity of the situation.

In the absence of any sustainable solution, the waste
accumulation problem has reached a critical stage. Time lapse and
change in weather conditions have started to affect decay of waste
material, release of toxins, contamination of food, leakage into water
and food sources, and emergence of infectious diseases.

Due to the acuity and sudden emergence of this problem,
locally produced data that can quantify its magnitude, such as the
extent of water contamination or the incidence of resultant infectious
diseases is still scarce. However, alarming data of air dioxin levels
sampled next to a burned dump have recently been identified. In one
study, sampling conducted on the rooftop of an inhabited building in
an industrial zone in Lebanon revealed dioxin levels 416 times more
carcinogenic than those measured in 2014. Dibenzanthracene,
another carcinogenic member of the polycyclic aromatic hydrocarbons
family, was identified for the first time ever in ambient air in Lebanon.
The combined effects of these two toxins have the potential for raising
the lifetime cancerrisk from 0.1 to 37 per one million adults and from
0.4 to 186 among per one million children. Moreover, these toxins are
can adhere to matter for long periods of time, thus imposing lasting ill
effects on health and the environment?. Therefore, timely intervention
is needed; otherwise alarming consequences are expected to ensue.

This evidence summary provides an overview of the
consequences of poor waste management with special emphasis on
health outcomes. Data from this evidence summary can be used to:

-3 Explain the consequences of the current deteriorating

situation of dispersed garbage and the practice of
trash burning

-3 Evaluate the possible outcomes of potential long-term
solutions if the options of landfilling orincineration
are to be adopted

Background

Since 1994, the government outsourced waste
management to the private firm Sukleen?, which continued to collect

K2P Evidence Summary Approaching the Waste Crisis in Lebanon

Background to
Evidence
Summary

A K2P Evidence Summary uses global
research evidence to provide insight
on public health priority topics that
are ambiguous and have important
uncertainty. This document informs
policymakers and other stakeholders
by synthesizing the best available
evidence and presenting its relevance
to local contexts.

Evidence summaries do not provide
recommendations but rather
articulate evidence in a clear,
objective and factual manner.

The preparation of this K2P Evidence
Summary involved the following
steps:

1) Identifying and selecting a
relevant topic according to K2P
criteria.

2) Appraising and synthesizing
relevant research evidence about
the problem.

3) Drafting the Evidence Summary
in such a way as to present
global and local research
evidence concisely and in an
accessible language.

4) Undergoing merit review.

5) Finalizing the Evidence Summary
based on the input of merit
reviewers.

6) Submitting finalized Evidence
Summary for translation into
Arabic, validating the translation
and Dissemination



and manage garbage by sorting, composting, recycling, and landfilling until the expiry
of its contract in July 17, 2015. Concurrently, the Naameh landfill was long overdue for
closure after it had received waste since 1997. Since July 2015, Lebanon has
witnessed a trash management problem. In the absence of governmental solutions,
municipalities and even local neighborhoods had resorted to primitive solutions. The
end result included satellite landfills and incineration sites scattered throughout the
country, with grave consequences on health, economy, and the environment.

The absence of long term planning, sectarianism, and political favoritism
constitute the roots of the current situation. Efforts to resolve this problem by the
government have been futile. Lately, in reaction to the excruciating level of the
problem, the Ministry of Public Health has constituted a multidisciplinary national
emergency committee to assess the associated health consequences. The committee
issued its report by addressing the problem bifurcations and providing
recommendations for prevention of its ailments3.

Problem Consequences

Since unauthorized landfills and incineration sites are dispersed
throughout streets, neighbourhoods, water and agricultural sites, it is sensible to
address particularly two methods of waste management, landfilling and incineration.

Landfilling has potential impacts on health that arise from inhaled gas
and exposure to groundwater contaminated by landfill leachate. The characteristics of
such emissions vary considerably across sites, depending on waste composition and
the age of the landfill“.

Incineration, particularly with incomplete combustion, results in the
release of toxic gases, one of which is dioxins. In addition to their wide array of
adverse health effects, this group of compounds is listed as a human carcinogen®.

1. Health Consequences

There are numerous health hazards for people living close to waste
management areas. Key findings from 3 systematic reviews evaluating the health
outcomes of two waste management methods: landfilling and incineration. Health
outcomes of landfilling inclue57 (Please see Appendix |, Table 1 for more information):

------ » Increased risk of cancer, particularly pancreatic and skin cancerin

males

-3 Congenital abnormalities such as non-chromosomal birth defects,
nervous system birth defects, hypospadias, epispadias, and low birth
weight

- Increased risk of asthma and increased rate of hospitalization due to
asthma and other respiratory conditions.

-3 No increased risk was detected for colorectal, liver, bladder, lung,
breast, uterus, prostate, stomach or skin cancers

K2P Evidence Summary Approaching the Waste Crisis in Lebanon 8



------ > Mixed or non-significant results were found for lymphoma, kidney,

and brain cancers

-3 Mixed results were found for nervous system birth defects

Health Consequences of Incineration include’7 (Please see Appendix |,
Table 2 for more information):

-3 |ncreased risk of cancer with the strongest evidence being for
colorectal, larynx, and stomach cancer

-3 Congenital abnormalities such as congenital urinary tract defects,
spina bifida, cardiac defects, twining, and preferential female births

-3 Decrease in respiratory function and an increase in respiratory
wheezing in children along with increased respiratory disease
mortality

- No association was found for myeloma, bladder, cerebral, prostate, or
lymphatic system cancers

-3 Mixed results were found for non-Hodgkin lymphoma, leukemia,
sarcoma, soft tissue tumors, breast, lung, colorectal, and liver cancers

-3 N0 association was detected for low birth weight, chromosomal or
non-chromosomal abnormalities, or spontaneous abortion

2. Environmental Consequences

Landfilling and incineration practices pose a direct threat to diverse
components of the environment. This includes the broader elements such as
vegetation, ecosystems, and landscape together with the specific impacts on soil, air,
and aquatic ecosystems. A review of the literature has addressed these effects.
Environmental adverse effects of landfilling and incineration can be summarized as
follows“ (Please see Appendix |, Table 3 for more information):

------ » Prevents oxygen diffusion into the soil thereby discourages

revegetation

------ » Contributes to global warming through production of carbon dioxide

------ » Produces toxins which retards plant growth and agricultural yields

------ + Increases fish mortality through production of toxic oxides

------ + Affects health of herbivores through ingestion of plants bio-

accumulating trace metals

K2P Evidence Summary Approaching the Waste Crisis in Lebanon 9



What other countries are doing

Countries adopt waste management methods based on theirincome level.

Although each country and city has their own site specifications, general observations

can be made across low-, middle-, and high-income countries, as belows. Please see
Appendix Il for full list of countries according to income level.

e (including Ethiopia, Ghana, Haiti,
Liberia, Nepal, and Zimbabwe)

*No organized source reduction
programs

eCollection of waste is sporadic
and inefficient, service is limited
to high visibility areas, the
wealthy, and businesses willing
to pay (overall collection below
50%)

eDespite their abundance,
recycling markets are
unregulated and mostly through
informal sector

eComposting is rarely undertaken
formally even though the waste
stream has a high percentage of
organic material.

e|ncineration is not common, and
generally not successful because
of high capital, technical, and
operation costs, high moisture
content in the waste, and high
percentage of inerts.

eIncineration is typically adopted
by low-technology sites resulting
in high levels of pollution to
nearby aquifers, water bodies,
and settlements.

eSome local governments
regulate waste fees, but the fee
collection system is inefficient.

eCollection costs represent 80%
to 90% of the municipal solid
waste management budget with
only a small proportion of the
budget allocated toward
disposal.

¢ (including China, Egypt, India, Iran,
Iraq, Jordan, Nigeria, Pakistan, Sri
Lanka, Turkey, West Bank & Gaza,
Colombia, Mexico, Poland, Romania,
Russia, and Venezuela)

eSome discussion of source
reduction exists, but is rarely
incorporated into an organized
program.

eImproved service and increased
collection from residential areas
(overall collection 50% to 80%)

eRecycling rates are high, more
regulated and involve some high
technology sorting and
processing facilities.

elLarge composting plants are
often unsuccessful due to
contamination and operating
costs

eSome incinerators are used, but
these experience financial and
operational difficulties and are
equipped with little air pollution
control

eAlthough sanitary landfills with
environmental controls have
emerged, open dumping is still
common.

eCollection costs are regulated by
some local and national
governments, represent 50% to
80% of the municipal solid
waste management budget, and
involve more innovation in fee
collection, e.g. included in
electricity or water bills.

K2P Evidence Summary Approaching the Waste Crisis in Lebanon

e (including Belgium, Canada, Cyprus,
Denmark, Finland, France, Germany,
Italy, Korea, Kuwait, Netherlands,
Oman, Qatar, Saudi Arabia, Spain,
Sweden, UAE, UK, and the US)

eQOrganized education programs
emphasize the three ‘R’s’
reduce, reuse, and recycle with
more producer responsibility
and focus on product design.

eCollection rate is greater than
90%, achieved mainly through
the use of compactor trucks,
highly mechanized vehicles, and
transfer stations

eRecyclable material collection
services and high technology
sorting and processing facilities
are common and regulated.

eComposting is popular at both
backyard and large-scale
facilities and is characterized by
source segregation, anaerobic
digestion, and critical odor
control.

e|ncinerators have some form of
environmental controls and
energy recovery system; about
three times the cost of landfilling
per ton.

eSanitary landfills with a
combination of liners, leak
detection, leachate collection
systems, and gas collection and
treatment systems.

eCollection costs represent less
than 10% of the budget.
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Approaching the Waste Management
Crisis

Despite this segregation into levels of income, one systematic review
concluded that there is no best option for waste management. A reliable approach is
to be critical and creative. This can be achieved by starting from the existing strengths
of the city and to build upon them and to involve all the stakeholders in designing
their own local models®.

Insights into a Solution

Based on the Lebanese context and the specific available evidence
described in this summary, the following measures can act as a step towards
alleviating the anticipated consequences of the waste management crisis:

1. Adoption of the Integrated Sustainable Waste Management (ISWM)
approach

ISWM is a framework that was first developed during the mid-1980s by
WASTE, a Dutch non-governmental organization, and further developed by the
Collaborative Working Group on Solid Waste Management in low and middle income
countries in the mid-1990s. Since then it has become the ‘norm’?0,

The concept of ISWM goes beyond the mere safe disposal of wastes by
adopting a holistic perspective to protect public health and the environment,
conserve natural sources and contribute to the overall sustainable development. The
ISWM includes wide range of concepts such as policy-making, institutional
development, and technical design of integrated solutions for the handling and
disposal of waste!!.

ISWM aims to achieve a balance between environmental effectiveness,
social acceptability, and economic affordability by recognizing three important
dimensions in waste management: stakeholders, waste system elements, and
sustainability aspects!213,

K2P Evidence Summary Approaching the Waste Crisis in Lebanon 11
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Figure 1 The integrated sustainable waste management (ISWM) framework (Source: WASTE, advisers on
urban environment and development, Gouda, the Netherlands)

The ISWM approach implies the following implementation hierarchy415, |t
should be noted that the ideal tactic requires a top down approach (following the

direction of the arrow), whereby controlled incineration and landfilling should be the
last resort.
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Figure 2 Implementation Hierarchy of ISWM
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2. Interdisciplinary and multi-
sectoral collaborations

Proper management of solid
waste is a complex undertaking that
entails appropriate technical solutions,
adequate organizational capacity, and
cooperation across a wide range of
stakeholders.

At the government level

The government should have the political will to
raise this emerging public health problem above
all other considerations, recognize that inaction
will lead to disastrous effects at the health and
environment level, and find a solution before
detrimental health and environment
consequences emerge.

This can be achieved by

health, economic, and environmental
expertise to analyze the current situation
and decide on the best waste
management option (or mixture of
options)

% Considering the option of delegation of
the waste management responsibility to
local municipalities; and concurrently
strengthening the capacities of the latter
through providing them with the
necessary technical, financial, and
decisional support

Government Municipalities

Health System Citizens

At the municipality level

Creation of well-designed landfills or
incineration sites as far as possible from
inhabited areas, preferably more than 10
km away, as determined by multiple
environmental reports

% Avoiding contact of trash piles with water

sources or agricultural lands

» Routine measurement of toxins released

and testing water for possible
contamination

+ Encourage citizens to segregate waste and

adopt the option of recycling

* Financial and technical collaboration with

the government, NGOs, or other
organizations for better achievement of
the above objectives

% Public engagement in decision-making and

K2P Evidence Summary Approaching the Waste Crisis in Lebanon

implementation of solutions
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At the citizens’ level

At the health system level

More vigorous surveillance of diseases
particularly those at expected increased risk
of emergence

= Keeping an open eye for increased trends in
specific diseases particularly infections on
the short term and cancer and congenital
abnormalities on the longer term

+ Timely reporting of specific infectious
diseases for prompt intervention in an
attempt to avoid emergence of epidemics

+ Public education about the importance and
application of hygienic measures

K2P Evidence Summary Approaching the Waste Crisis in Lebanon

% Economizing on the production of trash,

which results in decreasing the volume of
scattered waste

+ Sorting out of trash for potential recycling

of some categories such as paper, plastic,
glass and metals

+ Avoiding individual acts of incineration

% Following strict hygienic measures

particularly with food preparation through
sanitization of fruits and vegetables, deep
cooking of meat, and use of water from
reliable resources

% Avoiding contact with infected persons, to

prevent further transmission of
microorganisms.

14



References



10.

11.

12.

13.

14.

15.

References

Saliba N. et al. AUB press release December 1, 2015. Accessed from
http://www.aub.edu.lb/news/2015/Pages/carcinogen-waste-fires.aspx

Sukleen and Sukomi fact sheet (2015). http://www.sukleen.com/what_we_do.html

MOPH (2015). Report of the National Emergency Committee in Charge of the Health Risks
Assessment of Waste Crisis  http://www.moph.gov.lb/Media/Pages/PressConferenceon3-11-
2015.aspx

Crowley, Dominique, A. Staines, C. Collins, J. Bracken, M. Bruen, J. Fry, Victor Hrymak
et al. "Health and environmental effects of landfilling and incineration of waste-A
literature review." (2003).

Ashworth, Danielle C., Paul Elliott, and Mireille B. Toledano. "Waste incineration and
adverse birth and neonatal outcomes: A systematic review." Environment international
69 (2014): 120-132.

Mattiello, Amalia, Paolo Chiodini, Elvira Bianco, Nunzia Forgione, Incoronata
Flammia, Ciro Gallo, Renato Pizzuti, and Salvatore Panico. "Health effects associated
with the disposal of solid waste in landfills and incinerators in populations living in
surrounding areas: a systematic review." International journal of public health 58, no.
5(2013): 725-735.

Porta, Daniela, Simona Milani, Antonio I. Lazzarino, Carlo A. Perucci, and Francesco
Forastiere. "Systematic review of epidemiological studies on health effects associated
with management of solid waste." Environ Health 8, no. 60 (2009): 10-1186.
Hoornweg, Daniel, and Perinaz Bhada-Tata. "What a waste: a global review of solid
waste management." (2012).

Wilson, David C., Ljiljana Rodic, Anne Scheinberg, Costas A. Velis, and Graham
Alabaster. "Comparative analysis of solid waste management in 20 cities." Waste
Management & Research 30, no. 3 (2012): 237-254.

Anschiitz, Justine, Jeroen ljgosse, and Anne Scheinberg. "Putting ISWM to Practice."
WASTE, Gouda, The Netherlands (2004).

van de Klundert, Arnold, and Justine Anschutz. "Integrated Sustainable Waste
Management: the selection of appropriate technologies and the design of sustainable
systems is not (only) a technicalissue." In CEDARE/IETC inter-regional workshop on
technologies for sustainable waste management. 1999.

Marshall, Rachael E., and Khosrow Farahbakhsh. "Systems approaches to integrated
solid waste management in developing countries." Waste Management 33, no. 4
(2013): 988-1003.

Un-Habitat. Solid waste management in the world'’s cities: water and sanitation in the
world's cities 2010. Earthscan, 2010.

Al-Yousfi, A. B. "Sound environmental management of solid waste-the landfill
bioreactor." United Nations Environmental Programmed-Regional Office for West Asia
(2004).

El-Mabrouk, F. Integrated Solid Waste Management in the Arab Countries (2015). Accessed from

http://www.researchgate.net/publication/266951632_Integrated_Solid_Waste_Management_i
n_Arab_Region

K2P Evidence Summary Approaching the Waste Crisis in Lebanon 16



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Pukkala, Eero, and Antti Ponka. "Increased incidence of cancer and asthma in houses
built on a former dump area." Environmental Health Perspectives 109, no. 11 (2001):
1121.

Williams, Anthony, and Bin Jalaludin. "Cancer incidence and mortality around a
hazardous waste depot." Australian and New Zealand journal of public health 22, no.
3(1998): 342-346.

Goldberg, Mark S., Jack Siemiatyck, Ron Dewar, Marie Désy, and Héléne Riberdy.
"Risks of developing cancer relative to living near a municipal solid waste landfill site
in Montreal, Quebec, Canada." Archives of Environmental Health: An International
Journal 54, no. 4 (1999): 291-296.

Gouveia, Nelson, and Rogerio Ruscitto do Prado. "Health risks in areas close to urban
solid waste landfill sites." Revista de Sadde Piblica 44, no. 5 (2010): 859-866.
Michelozzi, P., D. Fusco, F. Forastiere, C. Ancona, V. Dell'Orco, and C. A. Perucci.
"Small area study of mortality among people living near multiple sources of air
pollution." Occupational and Environmental Medicine 55, no. 9 (1998): 611-615.
Jarup, L., D. Briggs, C. De Hoogh, S. Morris, C. Hurt, A. Lewin, I. Maitland, S.
Richardson, ). Wakefield, and P. Elliott. "Cancer risks in populations living near
landfill sites in Great Britain." British journal of cancer 86, no. 11 (2002): 1732-1736.
Boyle, E., H. Johnson, A. Kelly, and R. McDonnell. "Congenital anomalies and
proximity to landfill sites." Irish medical journal (2004).

Dummer, Trevor JB, Heather O. Dickinson, and Louise Parker. "Adverse pregnancy
outcomes near landfill sites in Cumbria, northwest England, 1950-1993." Archives of
Environmental Health: An International Journal 58, no. 11 (2003): 692-698.

Elliott, Paul, David Briggs, Sara Morris, Cornelis de Hoogh, Christopher Hurt, Tina
Kold Jensen, lan Maitland, Sylvia Richardson, Jon Wakefield, and Lars Jarup. "Risk of
adverse birth outcomes in populations living near landfill sites." Bmj 323, no. 7309
(2001): 363-368.

Elliott, P., S. Richardson, J. J. Abellan, A. Thomson, C. de Hoogh, L. Jarup, and D. J.
Briggs. "Geographic density of landfill sites and risk of congenital anomalies in
England: authors’ response." Occupational and environmental medicine 66, no. 2
(2009): 140-140.

Fielder, Hilary MP, Stephen R. Palmer, Celia Poon-King, Nigel Moss, and Gary
Coleman. "Addressing environmental health concerns near Trecatti landfill site, United
Kingdom." Archives of Environmental Health: An International Journal 56, no. 6 (2001):
529-535.

Fielder, H. M. P., Helen Dolk, C. M. Poon-King, S. R. Palmer, N. Moss, and G. Coleman.
"Assessment of impact on health of residents living near the Nant-y-Gwyddon landfill
site: retrospective analysisCommentary: Impact on health needs assessing from
different angles." Bmj 320, no. 7226 (2000): 19-23.

Kloppenborg, S. C. H., Ulla Kristine Brandt, Gabriel Gulis, and Bo Ejstrud. "Risk of
congenital anomalies in the vicinity of waste landfills in Denmark; an epidemiological
study using GIS." Central European journal of public health 13, no. 3 (2005): 137-143.
Morris, S. E., A. 0. W. Thomson, L. Jarup, C. De Hoogh, D. J. Briggs, and P. Elliott. "No
excess risk of adverse birth outcomes in populations living near special waste landfill
sites in Scotland." Scottish medical journal 48, no. 4 (2003): 105-107.

K2P Evidence Summary Approaching the Waste Crisis in Lebanon 17



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Palmer, Stephen R., Frank D) Dunstan, Hilary Fielder, David L. Fone, Gary Higgs, and
Martyn L. Senior. "Risk of congenital anomalies after the opening of landfill sites."
Environmental health perspectives (2005): 1362-1365.

Vrijheid, M., Helen Dolk, B. Armstrong, G. Boschi, A. Busby, T. Jorgensen, and P.
Pointer. "Hazard potential ranking of hazardous waste landfill sites and risk of
congenital anomalies." Occupational and environmental medicine 59, no. 11 (2002):
768-776.

Dolk, Helen, Martine Vrijheid, Ben Armstrong, Lenore Abramsky, Fabrizio Bianchi,
Ester Garne, Vera Nelen et al. "Risk of congenital anomalies near hazardous-waste
landfill sites in Europe: the EUROHAZCON study." The Lancet 352, no. 9126 (1998):
423-427.

Croen, Lisa A., Gary M. Shaw, Lisa Sanbonmatsu, Steve Selvin, and Patricia A. Buffler.
"Maternal Residential Proximity to Hazardous Waste Sites and Risk for Selected
Congenital Malformations." Obstetrical & gynecological survey 53, no. 4 (1998): 201-
203.

Marshall, Elizabeth G., Lenore ). Gensburg, Debra A. Deres, Nanette S. Geary, and
Michael R. Cayo. "Maternal residential exposure to hazardous wastes and risk of
central nervous system and musculoskeletal birth defects." Archives of Environmental
Health: An International Journal 52, no. 6 (1997): 416-425.

Geschwind, Sandra A., Jan AJ Stolwijk, Michael Bracken, Edward Fitzgerald, Alice
Stark, Carolyn Olsen, and James Melius. "Risk of congenital malformations associated
with proximity to hazardous waste sites." American Journal of Epidemiology 135, no.
11(1992):1197-1207.

Jarup, Lars, Sara Morris, Sylvia Richardson, David Briggs, Norman Cobley, Cornelis de
Hoogh, Krisztian Gorog, and Paul Elliott. "Down syndrome in births near landfill
sites." Prenatal diagnosis 27, no. 13 (2007): 1191-1196.

Castilla, Eduardo E., Pierpaolo Mastroiacovo, Jorge S. Lopez-Camelo, Wilmar
Saldarriaga, Carolina Isaza, and Iéda M. Orioli. "Sirenomelia and cyclopia clusterin
Cali, Colombia." American Journal of Medical Genetics Part A 146, no. 20 (2008):
2626-2636.

Orioli, Iéda M., Pierpaolo Mastroiacovo, Jorge S. Lopez-Camelo, Wilmar Saldarriaga,
Carolina Isaza, Horacio Aiello, Ignacio Zarante, and Eduardo E. Castilla. "Clusters of
sirenomelia in South America." Birth Defects Research Part A: Clinical and Molecular
Teratology 85, no. 2 (2009): 112-118.

Gilbreath, Susan, and Philip H. Kass. "Adverse birth outcomes associated with open
dumpsites in Alaska Native Villages." American journal of epidemiology 164, no. 6
(2006): 518-528.

Goldberg, Mark S., L. I. S. E. GOULET, Helene Riberdy, and Yvette Bonvalot. "Low birth
weight and preterm births among infants born to women living near a municipal solid
waste landfill site in Montreal, Quebec." Environmental research 69, no. 1 (1995): 37-
50.

Morgan, Oliver WC, Martine Vrijheid, and Helen Dolk. "Risk of low birth weight near
EUROHAZCON hazardous waste landfill sites in England." Archives of Environmental
Health: An International Journal 59, no. 3 (2004): 149-151.

K2P Evidence Summary Approaching the Waste Crisis in Lebanon 18



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Ma, Jing, Maria Kouznetsova, Lawrence Lessner, and David O. Carpenter. "Asthma and
infectious respiratory disease in children—correlation to residence near hazardous
waste sites." Paediatric respiratory reviews 8, no. 4 (2007): 292-298.

Gensburg, Lenore ., Cristian Pantea, Edward Fitzgerald, Alice Stark, Syni-An Hwang,
and Nancy Kim. "Mortality among former Love Canal residents." Environ Health
Perspect 117, no. 2 (2009): 209-16.

Minichilli, F., S. Bartolacci, E. Buiatti, V. Pallante, D. Scala, and F. Bianchi. "Studio di
mortalita intorno a sei discariche di rifiuti in Toscana." Epidemiologia e Prevenzione
29 (2005): 5-6.

Elliott, P., G. Shaddick, I. Kleinschmidt, D. Jolley, P. Walls, ). Beresford, and C.
Grundy. "Cancer incidence near municipal solid waste incinerators in Great Britain."
British Journal of Cancer 73, no. 5 (1996): 702.

Federico, Massimo, Monica Pirani, Ivan Rashid, Nicola Caranci, and Claudia Cirilli.
"Cancerincidence in people with residential exposure to a municipal waste
incinerator: an ecological study in Modena (ltaly), 1991-2005." Waste Management
30, no. 7 (2010): 1362-1370.

Goria, Sarah, Come Daniau, Perrine de Crouy-Chanel, Pascal Empereur-Bissonnet,
Pascal Fabre, Marc Colonna, Cedric Duboudin, Jean-Francois Viel, and Sylvia
Richardson. "Risk of cancer in the vicinity of municipal solid waste incinerators:
importance of using a flexible modelling strategy." International journal of health
geographics 8, no. 1 (2009): 31.

Gouveia, Nelson, and Rogério Ruscitto do Prado. "Spatial analysis of the health risks
associated with solid waste incineration: a preliminary analysis." Revista Brasileira de
Epidemiologia 13, no. 1 (2010): 3-10.

Ranzi, Andrea, Valeria Fano, Laura Erspamer, Paolo Lauriola, Carlo A. Perucci, and
Francesco Forastiere. "Mortality and morbidity among people living close to
incinerators: a cohort study based on dispersion modeling for exposure assessment."
Environ Health 10, no. 22 (2011): 10-1186.

Floret, Nathalie, Frederic Mauny, Bruno Challier, Patrick Arveux, Jean-Yves Cahn, and
Jean-Francois Viel. "Dioxin emissions from a solid waste incinerator and risk of non-
Hodgkin lymphoma." Epidemiology 14, no. 4 (2003): 392-398.

Viel, Jean-Francois, Patrick Arveux, Josette Baverel, and Jean-Yves Cahn. "Soft-tissue
sarcoma and non-Hodgkin's lymphoma clusters around a municipal solid waste
incinerator with high dioxin emission levels." American journal of epidemiology 152,
no. 1 (2000): 13-19.

Viel, Jean-Franc¢ois, Come Daniau, Sarah Goria, Pascal Fabre, Perrine de Crouy-Chanel,
Erik-André Sauleau, and Pascal Empereur-Bissonnet. "Risk for non Hodgkin's
lymphoma in the vicinity of French municipal solid waste incinerators." Environ Health
7 (2008): 51.

Biggeri, A., and D. Catelan. "Mortalita per linfoma non Hodgkin e sarcomi dei tessuti
molli nel territorio circostante un impianto di incenerimento di rifiuti solidi urbani.
Campi Bisenzio (Toscana, Italia) 1981-2001." Epidemiol Prev 29, no. 3-4 (2005): 156-
159.

Comba, P., V. Ascoli, S. Belli, M. Benedetti, L. Gatti, P. Ricci, and A. Tieghi. "Risk of
soft tissue sarcomas and residence in the neighbourhood of an incinerator of

K2P Evidence Summary Approaching the Waste Crisis in Lebanon 19



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

industrial wastes." Occupational and environmental medicine 60, no. 9 (2003): 680-
683.

Floret, N., F. Mauny, B. Challier, J. Y. Cahn, F. Tourneux, and ). F. Viel. "[Dioxin
emissions and soft-tissue sarcoma: results of a population-based case-control
study]." Revue d'epidemiologie et de sante publique 52, no. 3 (2004): 213-220.
Zambon, Paola, Paolo Ricci, Emanuela Bovo, Alessandro Casula, Massimo Gattolin,
Anna Rita Fiore, Francesco Chiosi, and Stefano Guzzinati. "Sarcoma risk and dioxin
emissions from incinerators and industrial plants: a population-based case-control
study (Italy)." Environ Health 6, no. 19 (2007): 1-10.

Viel, Jean-Francois, Marie-Caroline Clément, Mathieu Hégi, Sébastien Grandjean,
Bruno Challier, and Arlette Danzon. "International Journal of Health Geographics."
International journal of health geographics 7 (2008): 4.

Biggeri, Annibale, Fabio Barbone, Corrado Lagazio, Massimo Bovenzi, and Giorgio
Stanta. "Air pollution and lung cancer in Trieste, Italy: spatial analysis of risk as a
function of distance from sources." Environmental Health Perspectives 104, no. 7
(1996): 750.

Parodi, Stefano, Roberta Baldi, Claudia Benco, Michela Franchini, Elsa Garrone,
Marina Vercelli, Floriana Pensa, Riccardo Puntoni, and Vincenzo Fontana. "Lung
cancer mortality in a district of La Spezia (Italy) exposed to air pollution from industrial
plants." Tumori 90, no. 2 (2004): 181-185.

Knox, E. G. "Childhood cancers, birthplaces, incinerators and landfill sites."
International Journal of Epidemiology 29, no. 3 (2000): 391-397.

Cordier, S., C. Chevrier, E. Robert-Gnansia, C. Lorente, P. Brula, and M. Hours. "Risk of
congenital anomalies in the vicinity of municipal solid waste incinerators."”
Occupational and Environmental Medicine 61, no. 1 (2004): 8-15.

Jansson, Bjarne, and Lennart Voog. "Dioxin from Swedish municipal incinerators and
the occurrence of cleft lip and palate malformations." International journal of
environmental studies 34, no. 1-2 (1989): 99-104.

ten Tusscher, Gavin W., Gerda A. Stam, and Janna G. Koppe. "Open chemical
combustions resulting in a local increased incidence of orofacial clefts." Chemosphere
40, no. 9 (2000): 1263-1270.

Cordier, Sylvaine, Anne Lehébel, Emmanuelle Amar, Lucie Anzivino-Viricel, Martine
Hours, Christine Monfort, Cécile Chevrier, Mireille Chiron, and Elisabeth Robert-
Gnansia. "Maternal residence near municipal waste incinerators and the risk of urinary
tract birth defects." Occupational and environmental medicine 67, no. 7 (2010): 493-
499.

Dummer, T. ). B., H. O. Dickinson, and L. Parker. "Adverse pregnancy outcomes around
incinerators and crematoriums in Cumbria, north west England, 1956-93." Journal of
epidemiology and community health 57, no. 6 (2003): 456-461.

Tango, Toshiro, Toshiharu Fujita, Takeo Tanihata, Masumi Minowa, Yuriko Doi, Noriko
Kato, Shoichi Kunikane, lIwao Uchiyama, Masaru Tanaka, and Tetsunojo Uehata. "Risk
of adverse reproductive outcomes associated with proximity to municipal solid waste
incinerators with high dioxin emission levels in Japan." Journal of epidemiology 14,
no. 3 (2004): 83-93.

K2P Evidence Summary Approaching the Waste Crisis in Lebanon 20



67.

68.

69.

70.

71.

72.

73.

74.

Cresswell, P. A, ). E. S. Scott, S. Pattenden, and M. Vrijheid. "Risk of congenital
anomalies near the Byker waste combustion plant.” Journal of Public Health 25, no. 3
(2003): 237-242.

Vinceti, Marco, Carlotta Malagoli, Sergio Teggi, Sara Fabbi, Carlo Goldoni, Gianfranco
De Girolamo, Paola Ferrari, Gianni Astolfi, Francesca Rivieri, and Margherita Bergomi.
"Adverse pregnancy outcomes in a population exposed to the emissions of a
municipal waste incinerator." Science of the Total Environment 407, no. 1 (2008): 116-
121.

Williams, F. L. R., A. B. Lawson, and O. L. Lloyd. "Low sex ratios of births in areas at
risk from air pollution from incinerators, as shown by geographical analysis and 3-
dimensional mapping." International Journal of Epidemiology 21, no. 2 (1992): 311-
3109.

Lloyd, O. L., M. M. Lloyd, F. L. Williams, and A. Lawson. "Twinning in human
populations and in cattle exposed to air pollution from incinerators." British journal of
industrial medicine 45, no. 8 (1988): 556-560.

Hsiue, T. R., SHIN-SHIN Lee, and H. I. Chen. "Effects of air pollution resulting from wire
reclamation incineration on pulmonary function in children." CHEST Journal 100, no. 3
(1991): 698-702.

Lee, Jong-Tae, and CARL M. Shy. "Respiratory function as measured by peak expiratory
flow rate and PM10: six communities study." Journal of exposure analysis and
environmental epidemiology 9, no. 4 (1998): 293-299.

Miyake, Y., A. Yura, H. Misaki, Y. Ikeda, T. Usui, M. ki, and T. Shimizu. "Relationship
between distance of schools from the nearest municipal waste incineration plant and
child health in Japan." European journal of epidemiology 20, no. 12 (2005): 1023-
10209.

Shy, Carl M., Darrah Degnan, Donald L. Fox, Shaibal Mukerjee, Milan ). Hazucha,
Brian A. Boehlecke, Dietrich Rothenbacher et al. "Do waste incinerators induce
adverse respiratory effects? An air quality and epidemiological study of six
communities." Environmental Health Perspectives 103, no. 7-8 (1995): 714.

K2P Evidence Summary Approaching the Waste Crisis in Lebanon 21



Annexes



Appendices

Appendix I: Summary of Key Findings

Table 1 Health outcomes of exposure to landfills

Health Outcome Number of Countries Exposure Impact
Studies
Cancer
Colorectalte17 2 Finland; Inhabitants of No increased
Australia houses built on a incidence
former dumping
area or districts
around the
boundary of
disposal depot
Liveris-20 3 Italy; Canada; Various distances  No increased liver
Brazil evaluated cancer mortality in a
community living in
an area containing a
landfill
No significant
increased trend in
populations living at
various distances.
Bladder17.19.21 3 UK; Australia; ~ Within 2 km of No association
Brazil source or districts  detected
around the
boundary of
disposal depot
Larynx17.20 2 Italy; Upto 10 km or In one study a
Australia districts around significant decrease
the boundary of of mortality rates was
disposal depot detected as the
distance from the
sites increased.
No association was
detected in the
second study.
Lung?é.17,20 3 Australia; Inhabitants of No increased

houses built on a

K2P Evidence Summary Approaching the Waste Crisis in Lebanon

23



Health Outcome Number of Countries Exposure Impact
Studies
Italy; Finland  former dumping incidence
area
Upto 10 km
distance from site
Districts around
the boundary of
disposal depot
Kidneys.18 2 Italy; Canada  Upto 10 km from Modest non-
site significant increase in
risk
Lymphomas?7.1820 3 Canada; Up to 10 km from One out of three
Australia; site or districts studies found a
Italy around the significant
boundary of association
disposal depot
Leukemia?7.19-21 6 (2in UK; Brazil; Upto 10 km or No association
childrenand Australia; districts around
4inadults)  |taly the boundary of
disposal depot
Brain17.21 2 UK; US Within 2 km from No association was
site or districts found in one study,
around the while increased risk in
boundary of males living in the
disposal depot proximity was found
in the other
Other cancers 1618 3 Australia; Inhabitants of No association was
Canada; houses built on a found for breast,
Finland former dumping uterus, prostate,

area or districts
around the
boundary of
disposal depot

stomach, and skin
cancers

Increased risk for
pancreatic cancer

Another study found
an increased risk for
skin and pancreatic
cancers only in males

Birth defects and reproductive disorders

Birth defects in

11

UK; Belgium;

Various distances

Mixed results where
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Number of
Studies

Health Outcome

Countries Exposure

Impact

general 19.22:31

Denmark; assessed
France; Italy;

Ireland

six studies found
statistically
significant
associations while
five other studies did
not

Non-chromosomal 1
birth defects32

Belgium; Within 7 km
Denmark;
France; Italy;

UK

-Increase in risk of
non-chromosomal
birth defects (neural-
tube defects,
malformations of the
cardiac septa, and
anomalies of great
arteries and veins) in
people living at less
than 3 km from
landfills containing
both urban solid and
industrial or toxic
wastes.

Nervous system 3
birth defects23.33.34

UK; US Various distances

used

Mixed results: Two
studies confirmed
association and one
study denied any
association

Cardiovascular 1
defects oral
defects33

us Up to 1 mile

No increased risk

Hypo- and 1
epispadias3s

us Proximity and
chemical leaks

Higher risk of
hypospadias and
epispadias was
detected in children
living close to
industrial toxic wastes

Down syndrome3¢ 1

UK Within 2 km of site

No association

Sirenomelia and 2
cyclopia37.38

Colombia;
South
America

Cases captured in
1 hospital

Within 2 km of site

Four cases of
sirenomelia and four
of cyclopia were born
in one hospital within
a 165 days were
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Health Outcome

Number of Countries
Studies

Exposure

Impact

identified. However
this study could not
conclude if these
incident cases
reflected increased
risk.

Low birth
weight24.27,39-41

5 Alaska; UK;
Canada

Various distances
used or as per
exposure zones

Four out of five
studies demonstrated
Increased risk

Respiratory Diseases

Asthma 3 Finland; UK; Inhabitants of Increased incidence
incidence16.26.:42 us houses built on a of asthma and
former dumping increased
area or hospitalization for
comparison of asthma and
health data of a respiratory diseases
zip code
containing a
hazardous waste
site to other zip
codes
Total Mortality
Total 4 Australia; UK;  Based on districts ~ Two studies reported
mortality?7.26.43,44 Italy; US around the an association while

boundary of
disposal depot or
former canal
residents or
former residents
of nearby landfill

the remaining two
studies denied any
association.
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Table 2 Health outcomes of exposure to incineration sites

Health Outcome Number of Countries Exposure Impact
Studies
Cancer
All cancers4549 4 in adults; UK; France; Various distances  Mixed results in
1lin Italy used oraccording  adults: Two studies
children to dioxin exposure reported an
association while two
other studies denied
any association
No excess risk of
cancer mortality was
found in children
aged less than 5
years.
Non-Hodgkin 7 UK; Italy; Various distances  Mixed results: Three
lymphomas45.46.48- Brazil; France used oraccording  studies reported a
52 to dioxin exposure  positive association
with dioxin exposure
whereas four studies
found no association
Sarcoma and soft 9 UK; France; Various distances  No association was
tissues45.47.49,51- Italy used oraccording  shown in five studies.
e to dioxin exposure The other four studies
reported significant
risk increase
associated with living
less than 2 km from
the site and
significant risk
increase by level and
duration of exposure.
This association was
particularly observed
in women.
Breast47.49.57 3 France; Italy Based on dioxin One out of three
exposure zones, studies found a small
or within 3.5 km association
radius around
incinerator
Lung?45.46.48,49,58,59 6 UK; Italy; Various distances  Three studies
Brazil used oraccording  reported risk excess
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Health Outcome Number of Countries Exposure
Studies

Impact

to dioxin exposure

in people living close
to the emission site.

Three other
investigations, with
better exposure
measurement, found
no association.

Colorectal45.46.49 3 UK; Italy Various distances
used or according
to dioxin exposure

An increased risk with
distance from the site
was reported in one
study, but the authors
suggested possible
overestimation due to
poor control of
confounding factors.

Another study with a
good outcome
measurement found
no increased risk.

Another study found
higher mortality in
men and higher
incidence in women,
but the increased risk
was found at heavy
metal exposure levels
of 1-2 ng/m3 and not
at higher levels.

Liver1s.45.46,48,49 5 Italy; Brazil; Various distances
UK; France used or according
to dioxin exposure

Three studies found
no association.

One investigation
found a significant
increase in risk
associated with
smaller distances
from the sites.

Another study carried
out in rural deprived
areas found an
association, but flaws
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Health Outcome Number of
Studies

Countries

Exposure

Impact

in the study design
diminish its validity

Larynx45,46,48,49 4

UK; Italy;
France

Various distances
evaluated

All four studies
demonstrated
convincing evidence
of association.

Leukemia46:48.49.60 4 (2 adults
and 2
children)

Italy; Brazil;
UK

Various distances
evaluated

One study found a
modest increase in
risk in residents
between 2 and 3.5 km
from the site, but not
at shorter distances;
suggesting that this
risk is hardly linkable
with the distance from
the site.

Another study in
adults failed to
demonstrate an
association.

Two studies in
children found
contradictory results,
with the study
reporting an
association having
mixed exposure
(incinerator and
industrial
combustion)

Stomach#45.49 2

UK; Italy

Various distances
evaluated

One study found a
significant increase in
risk associated with
the distance from the
site, but control of
confounding factors
was poor.

Another study
reported an increased
risk for women
exposed to heavy
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Health Outcome Number of Countries Exposure Impact
Studies

metal levels of 1-2
ng/m3, but not for
those exposed to
higher levels

Bladder45.49 2 UK; Italy Various distances  No association was

evaluated found in both studies
Cerebral, 1 Italy 3.5 km radius No association was

myeloma,
lymphatic system,
prostate#?

from incinerators

found between
incidence and
mortality for these
diseases and living
nearby incinerators

Birth defects and reproductive disorders

Orofacial 3 Sweden;
defects61-63 France;
Netherlands

Various distances
evaluated or
according to
Dioxin exposure

Mixed results: Two
studies detected an
increased risk
whereas no increased
risk was found in the
remaining study

Urinary tract 1 France
defectsé4

Dioxin exposure

An increased risk was
found for congenital
urinary tract defects
when women were
exposed to
atmospheric dioxin
and dioxin deposits in
the ground during the
first months of
pregnancy.

Authors also suggest
a possible role of the
dioxin in
contaminating locally
produced food

Spina bifida, 2 UK; France
cardiac defects,

and renal

dysplasia®?.65

Dioxin exposure

Modest risk increase
of spina bifida,
cardiac defects, and
renal dysplasia were
demonstrated
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Health Outcome Number of Countries Exposure Impact
Studies
Low birth weighté? 1 Japan Dioxin exposure No significant
association
Chromosomaland 1 UK Up to 7 km No significant
non- association
chromosomal
anomalies®®
Spontaneous 1 Italy Dioxin exposure No significant
abortionss association
Births sex ratioss® 1 Italy Using 3-D Increased occurrence
mapping of female births
techniques, in the
residential areas
at risk from
airborne pollution
Twining7o 1 Scotland Rates in areas Increased occurrence
exposed to of twining
airborne pollution
from incinerators
were compared
with the
background rates
presentin
neighboring areas
Respiratory Diseases
Respiratory 5 China; Japan;  Children of the Two studies reported
function, us; Italy primary schoolsin  a decrease in

wheezing, chronic
respiratory
symptoms,
respiratory
disease
mortality49.71-74

3 polluted areas

Up to 3.5 km
radius from
incinerators

Mean PM10 level

Distance of the
public schools
from municipal
waste incineration
plants

respiratory function
and an increase in
respiratory wheezing
in children

Increased prevalence
of chronic respiratory
symptoms was
detected in two other
studies

In one study, a higher
respiratory disease
mortality was found in
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Health Outcome Number of Countries Exposure
Studies

Impact

men exposed to heavy
metals levels of 0.5-1
ng/m3; with no risk
detected in
individuals exposed
to higher levels. That
same study found no
difference for total
mortality and
hospitalization for
respiratory diseases.

All-Cause Mortality and Cardiovascular Disease

All-cause 1 Italy Up to 3.5 km
mortality and radius from
cardiovascular incinerators
diseases#

One study found that
total mortality in
women was
associated with the
presence of an
incinerator at any
level of exposure to
heavy metals

Same study found an
increase in
cardiovascular
disease mortality in
women, in
hospitalization for
chronic cardiac
insufficiency and
acute myocardial
infarction in men in
the mid-category
exposure (0.5-1
ng/m3) to heavy
metals, but not for the
highest (higher than 2
ng/m3)

Skin Diseases

Atopic 1 Japan Mean PM10 level
dermatitis”2

One study found no
association with
atopic dermatitis, but
a reporting bias and
poor control of
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Health Outcome

Number of
Studies

Countries

Exposure

Impact

confounding factors
indicate an
unsatisfactory quality
of the paper.

Table 3 Environmental Consequences

Pollutants

Main impacts

Description of Impacts

Methane

Global warming

Vegetation dieback

Converted to carbon dioxide (CO2) in
the atmosphere, but has a short-term
‘greenhouse factor’ 30 times that of
C02

Prevents oxygen entering soil, thus
discouraging re-vegetation of landfills

Carbon dioxide and
Carbon monoxide (CO)

Global warming
Flammability
Toxicity

Asphyxiation hazards

Partly responsible for atmospheric
greenhouse effect causing climate
change

Elevated CO2 levels may stimulate
weed growth

Inhalation of CO causes deprivation
of oxygen to brain and heart tissues

Nitrogen oxides (NO2)

Photochemical ozone
formation

Nutrient enrichment

NO2 participating in the
photochemical smog can result in
secondary production of the pollutant
ozone (03)

NO2 is a plant-growth retardant and
can cause decreases in agricultural
yields

Eutrophication of oligotrophic aquatic
and terrestrial ecosystems

Loss of habitat, disappearance of
flora and fauna

Organic compounds

Volatile organic
compounds

Toxic and potentially
carcinogenic

Forms ozone and
peroxyacetyl nitrate
through photochemical
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Pollutants

Main impacts

Description of Impacts

reactions

Sulphur oxides

Affects lichens at a
concentration 6x lower
than that affecting
human health

Synergistic effect in combination with
smoke

Lower agricultural crop yields

NOx and SOx

Acidification

Affects poorly buffered soils
Decline in coniferous forestry
Increased fish mortality

Metal corrosion

Hydrogen fluoride

Toxicity in plants

Affects dairy cattle

Cause blight in maize
Lowers citrus productivity

Cattle grazing on exposed herbage
suffer fluorosis (loss of teeth, bone
growth at joints, lameness)

Trace metals

Toxic to plants and affect
animal health

Some are potent catalysts and can
contribute to the post-incineration
formation of dioxins

Herbivore health affected through
ingestion of plants bio-accumulating
trace metals

Chlorinated organic
compounds (dioxins and

Lipo-soluble, persistent,
and bio-accumulative in

furans) different components of
ecosystems
Ammonia Toxicity to fish and Affects oxygen demand in exposed

disturbed behaviorin
horses

water

Salt e.g. sodium chloride

Ecological toxicity

Alters soil conductivity
and ionic exchange
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Appendix ll: List of countries by income level®
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Appendix lll: Glossary of terms

Term

Definition

Neural-tube defects

Any of various congenital defects caused by incomplete
closure of the neural tube during the early stages of embryonic
development

Hypospadias

An abnormality of the penis in which the urethra opens on the

underside

Epispadias A congenital defect in which the urethra opens upon the upper
surface of the penis

Sirenomelia A congenital malformation in which the lower limbs are fused

Cyclopia A developmental anomaly characterized by the presence of a
single median eye

Sarcoma A malignant tumor arising in tissue of mesodermal origin (as
connective tissue, bone, cartilage, or striated muscle) that
spreads by extension into neighboring tissue or by way of the
bloodstream

Spina bifida A neural tube defect marked by congenital cleft of the spinal

column usually with hernial protrusion of the meninges and
sometimes the spinal cord

Renal dysplasia

Abnormal growth or development of kidney

Twinning

The bearing of twins

Atopic dermatitis

A chronic eczematous skin condition marked especially by
intense itching, inflammation, and dryness

PM 10

Particulate matter up to 10 micrometers in size
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