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Objetivo

• Objetivo

Considerar la identificación y 
caracterización de los COV cuya 
presencia en el ambiente puede 
constituir un riesgo para la vida o la 
salud de la población (Literal a) artículo 
24, del D.S. N°28 de 2012 y acordar los 
criterios para la propuesta de 
conformación de Comité operativo 
Ampliado
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Tabla

• Primera presentación: Identificación y caracterización de los COV cuya 
presencia en el ambiente puede constituir un riesgo para la vida o la 
salud de la población 

Expositor: Andrés Henríquez, PhD en Toxicología, Univ. North Carolina, parte del 
equipo consultor que trabaja el estudio de antecedentes para el AGIES.

Tiempo: 30 minutos de exposición y 15 minutos de preguntas

• Segunda presentación: Criterios para la propuesta de conformación de 
C.O Ampliado

Expositor: German Venegas, Departamento de Ciudadanía, División de 
Educación Ambiental y Participación Ciudadana, Ministerio del Medio Ambiente
Tiempo: 20 minutos de exposición y 15 minutos de preguntas
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Expediente electrónico

http://planesynormas.mma.gob.cll
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http://planesynormas.mma.gob.c/
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VOCs (Volatile Organic Compounds)

Volatile organic compounds (VOC) are organic chemicals that have a high vapour pressure at room temperature. High 

vapor pressure correlates with a low boiling point, which relates to the number of the sample's molecules in the

surrounding air, a trait known as volatility

https://www.toppr.com/guides/chemistry/solutions/vapour-pressure-of-liquid-solutions/

VOCs. organic and high evaporation rate
Tendency of particles to escape from the 

liquid (or a solid)

Carbon-hydrogen

bonds

Do these properties determine common

health effects after human exposure?

Diverse group of chemicals grouped

only due to these two properties

000809



https://www.intechopen.com/books/abiotic-stress-in-plants-mechanisms-and-

adaptations/emission-and-function-of-volatile-organic-compounds-in-response-to-abiotic-stress

Biogenic (some) Anthropogenic (some)

VOCs (Volatile Organic Compounds)

(Brilli et al., 2019)

(Turan et al., 2007)
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https://www.intechopen.com/books/abiotic-stress-in-plants-mechanisms-and-

adaptations/emission-and-function-of-volatile-organic-compounds-in-response-to-abiotic-stress

Biogenic (some) Anthropogenic (some)

VOCs (Volatile Organic Compounds)

(Turan et al., 2007)
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“Although a large number of substances are considered VOCs, the most
abundant in the environment are benzene and some of its organic
derivatives, like toluene, ethylbenzene and xylene (o-, m- and p-), jointly
named BTEX, which comprise over 60% of the VOCs found in urban areas [8];
hence, they are used as a reference to evaluate environmental levels and
VOC exposure.“

(Montero-Montoya et al., 2018)

https://sor.epa.gov/sor_internet/registry/substreg/searchandretrieve/advancedsearch/search.do?details=displayDetails&sele

ctedSubstanceId=83723

VOCs (Volatile Organic Compounds) 000810 vta



Montero-Montoya 
et al. 2018

BTEX

Benzene
Toluene
Ethylbenzene
Xylene (o,m,p)

VOCs (Volatile Organic Compounds) 000811



BTEX 
(RfC and Cancer)

IRIS: U.S. EPA. Integrated Risk 
Information System (IRIS)

Benzene Toluene Ethylbenzene Xylenes

RfC 30 ug/m3

Decreased 

lymphocyte

count

5000 

ug/m3

Neurological effects in 

occupationally-exposed 

workers

1000 ug/m3 Developmental 

toxicity

100 

ug/m3

Impaired motor 

coordination (decreased 

rotarod performance)

Cancer

assessment

WOE 

characterization
Known/likely human carcinogen

Inadequate information to assess

carcinogenic potential

D (Not classifiable as 

to human carcinogenicity)

Data are inadequate for an 

assessment of human carcinogenic 

potential

Quantitative Estimate of Carcinogenic Risk

from Inhalation Exposure (PDF) (45 pp, 261 

K). Inhalation Unit Risk: 2.2 x 10 -6 per 

µg/m3. Extrapolation Method: Low-dose

linearity utilizing maximum likelihood

estimates Tumor site(s): Hematologic. 

Tumor type(s): Leukemia (Rinsky et al., 

1981, 1987 Paustenbach et al., 1993 Crump

and Allen, 1984 Crump, 1992, 1994 U.S. 

EPA, 1998)

inadequate information to assess the 

carcinogenic potential of toluene 

because studies of humans chronically 

exposed to toluene are inconclusive, 

toluene was not carcinogenic in 

adequate inhalation cancer bioassays 

of rats and mice exposed for life (CIIT, 

1980 NTP, 1990 Huff, 2003),

Nonclassifiable due to lack of 

animal bioassays and human 

studies.

Adequate human data on the 

carcinogenicity of xylenes are not 

available, and the available animal 

data are inconclusive as to the ability 

of xylenes to cause a carcinogenic 

response. Evaluations of the 

genotoxic effects of xylenes have 

consistently given negative results.

Framework for

WOE characterization

Proposed Guidelines for Carcinogen

Risk Assessment (U.S. EPA, 1996)

Guidelines for Carcinogen 

Risk Assessment (U.S. EPA, 2005)

Guidelines for Carcinogen 

Risk Assessment (U.S. EPA, 

1986)

Revised Draft Guidelines for 

Carcinogen Risk Assessment (U.S. 

EPA, 1999)

RfC: An estimate (with uncertainty spanning perhaps an order of 
magnitude) of a continuous inhalation exposure to the human 

population (including sensitive subgroups) that is likely to be without 
an appreciable risk of deleterious effects during a lifetime.
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(WHO, 2000)

Benzene: Routes of exposure

“Inhalation accounts for more than 99% of the exposure of the general
population, whereas intake from food and water is minimal”

(Wallace, 1989)

Personal and indoor 
exposure to benzene is 

substantial
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(WHO, 2000)

Benzene: Routes of exposure

“Inhalation accounts for more than 99% of the exposure of the general
population, whereas intake from food and water is minimal”

(Wallace, 1989)

Indoor exposure to benzene 
is substantial, probably driven 

by cigarette smoke.
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Pliofilm Study

Rubber and 
Benzene

Benzene: Risk Assessment
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Pliofilm Study

1996

Benzene: Risk Assessment
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Pliofilm Study

analyses and 
re-analyses
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(Checkoway et al., 2019)

Assumptions regarding exposure 

Difficulties
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US EPA. 1998

“Currently, there is
insufficient evidence
to deviate from
using an
assumption of a
linear dose-
response curve for
benzene, hence, the
Agency´s past
approach of using a
model with low-dose
linearity is still
recommended”

Oberdorster et al. 2005
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Benzene: Risk Assessments

EPA WHO UE 

Rango   Rango 

2.23E-06 7.84E-06 5.88E-06 5.00E-08 5.00E-06 

 
Estimaciones del efecto a la exposición al benceno, expuestos como el riesgo de desarrollar leucemia durante el transcurso 
de la vida debido a la exposición a 1 µg/m3 de benceno.

2.23 – 7.84 casos de leucemia por millón de habitantes debido a la 

exposición a 1 µg/m3 (durante el periodo de vida promedio) INCERTEZA
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“One of the most likely mechanisms of the leukaemogenic effect of smoking leads is
through benzene. Benzene is a an established risk factor for AML, and an association
between exposure to high levels of benzene and an increased risk of AML has been
reported”

(Ugai et al., 2018)
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Figura 1: Esquema metabólico para el benceno mostrando las vías más importantes y las enzimas (genes) mediando la 
transformación de metabolitos. GST (glutathione-S-transferase), NQO1 (NAD(P)H:quinone oxidoreductase 1), MPO 
(myeloperoxidase), CYP2E1 (cytochrome P450 2E1). Figura obtenida desde Rappaport et al. 2009. 

Benzene Metabolism

Exposure

biomarker

Benzoquinones:

reactive

compounds
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Figura 1: Esquema metabólico para el benceno que produce toxicidad. GST (glutathione-S-transferase), NQO1 
(NAD(P)H:quinone oxidoreductase 1), MPO (myeloperoxidase), CYP2E1 (cytochrome P450 2E1), UDPGT (uridine 
diphosphate glucuronyl transferase), PST (phenol sulfotransferase), mEH (microsomal epoxide hydrolase). Figura 
obtenida desde Martyn T. Smith, 2010. 

Benzene Metabolism (location, location, location)

Leukocyte 
production
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BTEX 
(RfC and Cancer)

IRIS: U.S. EPA. Integrated Risk 
Information System (IRIS)

Benzene Toluene Ethylbenzene Xylenes

RfC 30 ug/m3

Decreased

lymphocyte

count

5000 

ug/m3

Neurological effects in 

occupationally-exposed 

workers

1000 ug/m3 Developmental 

toxicity

100 

ug/m3

Impaired motor 

coordination (decreased 

rotarod performance)

Cancer

assessment

WOE 

characterization
Known/likely human carcinogen

Inadequate information to assess

carcinogenic potential

D (Not classifiable as 

to human carcinogenicity)

Data are inadequate for an 

assessment of human carcinogenic 

potential

Quantitative Estimate of Carcinogenic Risk

from Inhalation Exposure (PDF) (45 pp, 261 

K). Inhalation Unit Risk: 2.2 x 10 -6 per 

µg/m3. Extrapolation Method: Low-dose

linearity utilizing maximum likelihood

estimates Tumor site(s): Hematologic. 

Tumor type(s): Leukemia (Rinsky et al., 

1981, 1987 Paustenbach et al., 1993 Crump

and Allen, 1984 Crump, 1992, 1994 U.S. 

EPA, 1998)

inadequate information to assess the 

carcinogenic potential of toluene 

because studies of humans chronically 

exposed to toluene are inconclusive, 

toluene was not carcinogenic in 

adequate inhalation cancer bioassays 

of rats and mice exposed for life (CIIT, 

1980 NTP, 1990 Huff, 2003),

Nonclassifiable due to lack of 

animal bioassays and human 

studies.

Adequate human data on the 

carcinogenicity of xylenes are not 

available, and the available animal 

data are inconclusive as to the ability 

of xylenes to cause a carcinogenic 

response. Evaluations of the 

genotoxic effects of xylenes have 

consistently given negative results.

Framework for

WOE characterization

Proposed Guidelines for Carcinogen

Risk Assessment (U.S. EPA, 1996)

Guidelines for Carcinogen 

Risk Assessment (U.S. EPA, 2005)

Guidelines for Carcinogen 

Risk Assessment (U.S. EPA, 

1986)

Revised Draft Guidelines for 

Carcinogen Risk Assessment (U.S. 

EPA, 1999)

RfC: An estimate (with uncertainty spanning perhaps an order of 
magnitude) of a continuous inhalation exposure to the human 

population (including sensitive subgroups) that is likely to be without 
an appreciable risk of deleterious effects during a lifetime.
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Guo et al. 2020

Other mechanisms: Chronic Inflammation 000818



Smith et al., 2016

Different mechanisms 
have been reported Identification and 

categorization process
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EXAMPLES

(Kajihara et al., 2003)

“The change of the ambient benzene level was well explained by the change of the discharge data. 

Risk reduction due to the reduction of benzene discharge was estimated to be 17 cases per year.”
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EXAMPLES

(Begou & 

Kassomenos, 2020)
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EXAMPLES

(Begou & 

Kassomenos, 2020)
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000822



(Bolden et al. 2015)

Acute effects of benzene exposure: development, 

immune function, respiratory function, metabolic function, 

reproductive function
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Tsai et al. 2016
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Formaldehyde 1,3 Butadiene 000823 vta



https://www.seattlecca.org/diseases/leukemia/facts https://steemit.com/health-status/@lexymaine/acute-

myeloid-leukemia-know-your-health-series-2
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Boiling Point

Benzene 80.1 °C

Ethybencene 136 °C

Toluene 110.6 °C

Xylene 139 °C

Formaldehyde -19 °C

1 3 Butadiene -4.4 °C
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Wickliffe et al. 2020
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