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ABSTRACT

EVALUATION OF BTEX CONCENTRATIONS IN SELECTED
INDUSTRIES PRODUCING AND APPLYING PAINT BASED ON HUMAN
HEALTH RISKS THROUGH INHALATION

Dolek, Gizem Naz
M.Sc., Department of Environmental Engineering
Supervisor : Assoc. Prof. Dr. Aysegiil Aksoy
Co-Supervisor : Assoc. Prof. Dr. Elgin Kentel

July 2014, 132 pages

In Turkey, ambient air quality control is managed by the Ministry of Environment
and Urban Affairs (MoEU) with Air Quality Evaluation and Management
Regulation, Industrial Sourced Air Pollution Control Regulation, Large Combustion
Plants Regulation and Heating Sourced Air Pollution Control Regulation. These
regulations stated that “indoor air of workplaces which are under occupational health
and safety legislation are out of the scope” and “regulations are prepared for ambient
air pollution prevention sourced by industrial facilities”. This situation indicates that
legislation of MoOEU is responsible only for ambient air quality. The task of
providing a safe and healthy working environment for employees is given to the
Ministry of Labor and Social Security (MoLSS). For this purpose, Institute of
Occupational Health and Safety (ISGUM) of MoLSS measures chemical exposures
of employees at workplaces, compares these concentrations with national legislative

limits and stores the results in reports. It is seen that there is not any national
\Y



legislation evaluating Indoor Air Quality (IAQ) and limiting indoor air pollutants.
IAQ is evaluated by the amount of hazardous chemicals in indoor air. Volatile
Organic Compounds (VOCs) which are considered in this evaluation are emitted
from especially paint, varnish, thinners and adhesives production and usage. In this
study, health risks are calculated for employees who are exposed to benzene, toluene,
ethylbenzene and xylene (BTEX) during paint production and usage. 195 BTEX
concentrations, measured at 57 different workplaces by ISGUM between 2006 and
2013, are used. Data is evaluated with respect to two classifications: type of
industries and type of actions. By using the data, health risk assessment of inhalation
exposure is conducted via using methodology provided by Environmental Protection
Agency, RAGS, Volume I: Human Health Evaluation Manual (Part F, Supplemental
Guidance for Inhalation Risk Assessment) (U.S. EPA, 2009). The results of the study
demonstrate that employees of shipyard, automotive and furniture painting are
exposed to BTEX more than employees of paint production and other industries.
Furthermore, although concentrations are below the legislative limits, when HRA is
conducted, it has been seen that health risks of exposure to these concentrations

significantly exceed the acceptable cancer risk (1x10°) and Hazard Index (1).

Keywords: BTEX exposure, health risk assessment, occupational safety and health,

cancer risk, hazard quotient
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0z

BOYA URETILEN VE KULLANILAN SECILMIiS ENDUSTRILERDE BTEK
KONSANTRASYONLARININ SOLUMA YOLUYLA OLUSAN iNSAN
SAGLIK RiSKLERi BAZINDA DEGERLENDIRILMESI

Dolek, Gizem Naz
Yiiksek Lisans, Cevre Mithendisligi Bolimii
Tez Yoneticisi : Dog. Dr. Aysegiil Aksoy
Ortak Tez Yoneticisi : Dog. Dr. Elgin Kentel

Temmuz 2014, 132 sayfa

Tiirkiye’de dis ortam hava kalitesi kontrolii Cevre ve Sehircilik Bakanligi’nca (CSB)
Hava Kalitesi Degerlendirme ve Yonetimi Yonetmeligi, Sanayi Kaynakli Hava
Kirliliginin Kontrolii Yonetmeligi, Biiyilk Yakma Tesisleri YoOnetmeligi ve
Isinmadan Kaynakli Hava Kirliliginin Kontrolii Yonetmeligi gibi diizenlemelerle
saglanmaktadir. Ad1 gegen yonetmeliklerde “is¢i sagligi ve gilivenligi mevzuati
kapsamina giren is yerleri i¢ ortamlarinda uygulanmaz” ve “sanayiden kaynaklanan
dis ortam hava kirliliginin 6nlenmesi amaciyla hazirlanmistir” hiikiimleri yer alir. Bu
durum gostermektedir ki CSB mevzuati yalnizca dig ortam hava kalitesinden
sorumludur. Calisanlara saghkli ve giivenli bir calisma ortami1 saglama gorevi
Calisma ve Sosyal Giivenlik Bakanligina (CSGB) verilmistir. Bu amagla CSGB’ye
bagh Is Saghpg ve Giivenligi Enstitiisii Miidiirliigii (ISGUM) isyeri ortaminda

calisanlarin  kimyasallara maruziyetini konsantrasyon olarak o6lcerek ulusal
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mevzuattaki sinir degerlerle karsilastirir ve sonuglari rapor halinde saklar.
Goriilmektedir ki ulusal mevzuatta i¢ Ortam Hava Kalitesini (IOHK) degerlendiren
ve kirleticiler i¢in sinir degerleri belirten bir diizenleme bulunmamaktadir. IOHK ise
sagliga zararli solunabilir kimyasal maddelerin ortam havasinda bulunma miktariyla
degerlendirilir. Bu degerlendirmede g6z oOniinde bulundurulan Ugucu Organik
Bilesikler (UOB) o6zellikle boya, vernik, inceltici ve yapistirict gibi malzemelerin
iretim ve kullanimindan kaynaklanmaktadir. Bu ¢alismada boya iiretimi ve boya
uygulamasi esnasinda i¢ ortama saliman benzen, tollien, etilbenzen ve ksilene
(BTEK) maruz kalan calisanlar icin saglik riskleri belirlenmistir. ISGUM’iin 2006-
2013 yillar1 arasinda boya liretimi ve uygulamasi yapan 57 farkli isyerinde Ol¢tiigi
195 BTEK konsantrasyonu kullanilmistir. Elde edilen veri; sanayi tipi ve islemin
tiirlii olmak tizere iki farkli agidan degerlendirilmistir. Bu veriler kullanilarak Cevre
Koruma Ajansi, RAGS, Sayr I: Insan sagligi Degerlendirme Kilavuzu’nda (U.S.
EPA, 2009) soluma maruziyeti saglik risk degerlendirmesinde kullanilmas1 6nerilen
metot ile saglik risk degerlendirmesi yapilmistir. Calismanin sonuglar1 géstermistir
ki, boya uygulamasi yapan tersane, otomotiv, mobilya gibi sektorlerde calisanlar
boya iiretimi sektdriinde calisanlara gore daha ¢ok BTEK’e maruz kalmaktadir.
Ayrica, konsantrasyon degerleri mevzuat sinir degerlerinin altinda kalsa da saglik
risk degerlendirmesi yapildiginda bu konsantrasyonlara maruziyetin saglik risklerinin
kabul edilebilir kanser riski (1x10®) ve tehlike indeksi (1) degerlerini oldukgca astig:

gorilmiistir.

Anahtar sozciikler: BTEK maruziyeti, saglik risk degerlendirmesi, Is Saghgi ve

Giivenligi, kanser riski, tehlike indeksi
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CHAPTER 1

INTRODUCTION

The inborn right of every human being is to live in a healthy environment and
breathe clean air. There are several regulations relevant to air pollution control and
management that are enforced by the Ministry of Environment and Urban Affairs
(MoEU). These regulations focus on outdoor air quality rather than indoor. Examples
are Regulation on Air Quality Assessment and Management (Official Gazette Date:
06.06.2008 No: 26898), Regulation on Industrial Air Pollution Control (Official
Gazette Date: 03.07.2009 No: 27277), Regulation on Gasoline and Diesel Quality by
Exhaust Emission Control (Official Gazette Date: 30.11.2013 No: 28837),
Regulation on Large Combustion Plants (Official Gazette Date: 08.06.2010 No:
27605) and Regulation on Control of Air Pollution from Warming (Official Gazette
Date: 13.01.2005 No: 25699).

The word “environment” is understood to comprise all that which is external to the
human host, including physical, biological and social aspects, any or all of which can
influence the health status of populations. Thus, the environment encompasses not
only the general outdoor environment, to which everyone is exposed, but also
specific indoor environments, such as the workplaces and the domestic environment,

where people spend a considerable amount of their time (Corvalan et al., 2000).

Although lagged behind outdoor air quality, public health awareness has led to
consideration and management of indoor air quality (IAQ) as well (Branco et al.,
2013). People spend considerable amount of time indoors and therefore exposed to

indoor air pollutants. Moreover, indoor concentrations of many air pollutants can be



higher compared to outdoor concentrations (Jones, 1999). As a result, exposure to

indoor air pollutants cannot be disregarded for human health protection.

Activities of daily living require individuals to spend more than 80% of their time
indoors; therefore, the air quality of such spaces may affect the health of their
inhabitants. The World Health Organization (WHO) has estimated that there are 2
million annual deaths worldwide attributable to indoor air contaminants (IAC), and
has also ranked this phenomenon as the tenth avoidable risk factor in importance for

the health of the general population (Fernandez et al., 2012).

Residences and non-industrial workplaces are the focus areas of IAQ management
(Jones, 1999). Yet, IAQ should also be taken into consideration in industrial
workplaces. In Turkey and around the world, IAQ in industries are evaluated under
occupational safety and health (OSH). Provision of healthy and safe environments in
workplaces is the responsibility of the Ministry of Labor and Social Security
(MoLSS) in Turkey (Law on Organization and Duties of Ministry of Labor and
Social Security, Law No: 3146). For this purpose, Directorate of Institute of
Occupational Health and Safety (ISGUM) performs air pollutant measurements in
workplaces upon request. These measurements are generally conducted via sampling
in the direct exposure zone of employees. General indoor air sampling can also be
realized and results are assumed as personal exposure. Measurements include:
chemical (chemical and dust concentrations in the zones where employees are
working and exposed to pollutants through inhalation, ingestion or dermal contact
etc.) and physical analyses (ergonomics, noise, vibration, and light limitations in
workplaces). However, with a new perspective in the Law on Occupational Health
and Safety (2012) (Law No: 6331), ISGUM will only take and analyze samples in
their accredited laboratories only in accordance to their own projects and needs.

Service based on requests by workplaces will not be practiced by ISGUM anymore.

One of the major group of indoor air pollutants responsible from poor IAQ in several

industries is BTEX (benzene, toluene, ethylbenzene and xylene), a subset of VVolatile
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Organic Compounds (VOCs) (Huang et al., 2013). BTEX is known to have non-
carcinogenic effects on human health. Moreover, benzene is regarded as
carcinogenic (U.S. EPA, 2009). One of the main sources of BTEX observed in
indoors is paint (Giillii, 2013). As a result, one can expect to observe high BTEX
concentrations in indoor air at industries where paint is either produced or applied, if

precautions are not taken.

Paint manufacturing and application are known as the main BTEX sources of indoor
air (MoLSS, 2005). One of the workplace categories for which ISGUM has
performed sampling visits is paint manufacturing and application industry as well.
During sampling, air samples are taken from the breathing zone of employees while
they are performing their work (i.e. paint application or work related with paint
production). Through this procedure it is aimed to detect exposure of an employee to
pollutants in the air through “inhalation”. It is hard to obtain measurement results for
all air pollutants that may exist at different kinds of workplaces in Turkey. However,
there are sufficient amount of sampling results for BTEX measured at paint
production and application workplaces in the database of the institution. So in this
study paint production and application works are selected and health risks due to
BTEX exposures through inhalation are evaluated through a health risk assessment
(HRA) study.

In this study, BTEX concentrations observed in selected industries producing and/or
using paint are evaluated based on human health risks through inhalation. The
database of ISGUM is scanned and investigated for this purpose. The BTEX
measurements at selected industries between 2006 and 2013 are compiled for HRA.
As well as the current approach of comparing the measured concentrations with the
legislative limit values in Turkey; evaluations are made in regard to cancer and non-
cancer health risks. Health risks of emerging or existing environmental pollutants are
subjected to close scrutiny by many regulatory authorities as more evidences on their
adverse health effects appear in scientific and public media. Thus, assessment of



health risks becomes a crucial step for any further regulatory actions (Cao et al.,
2011).

The objective of the study is to evaluate cancer and non-cancer health risks for
employees in paint industry and application related works due to BTEX exposure
through inhalation. For this reason, safety of the paint industry related workplaces in
terms of human health is evaluated with respect to both indoor air BTEX
concentrations (mg/m®) and their associated health risks. BTEX concentrations and
related health risks are evaluated with respect to two classifications: type of
industries and type of actions. HRA for BTEX exposure due to “inhalation” is

determined with the methodology suggested by EPA (U.S. EPA, 2009).

The organization of this thesis is as follows. In the second chapter, literature review
and background information are provided. Within the chapter, information about
paint composition, detailed information on nature of BTEX and health risks
associated with exposures, relevant previous studies and national and international
legislation related to the study are provided. In the third chapter, the methodology
used in the study is given. This chapter includes information about data gathering,
analysis of data, HRA methodology and applied equations. In the fourth chapter,
evaluations of concentrations, associated cancer and non-cancer risks for chronic
exposures, corresponding risks calculated for legislative limit values, and also
proposed concentration limits based on health risks are discussed. Finally, in the fifth

chapter, conclusions and recommendations are suggested.



CHAPTER 2

LITERATURE REVIEW AND THEOROTICAL BACKGROUND

The link between environment and human health operates through the exposure of
humans to environmental hazards. These hazards may originate naturally whereas the
majority is driven from human activities and interventions. However, in all cases
health effects only arise if humans are exposed to the existing hazards at a specific
place and time. Emissions may be released into the environment in a variety of ways
from industry, agriculture, transportation etc., and may then be dispersed and
accumulate in different environmental media (i.e. air, water, soil, food). Exposure
occurs when humans are encountered with the contaminants through any one of these
media and then the adverse health effects of the exposure are seen (see Figure 2.1)
(Corvalan et al., 2000).

Corvalan et al. (2000) stated that driving forces, pressures, state, exposures, effects
and actions should be defined in order to describe and analyze the global situation in
relation to health, environment and development. Development in industry with
respect to air pollution is the driving force with the pressure on the workplaces. The
state of the workplace exposure levels leads to monitoring the exposures in the
workplaces or in individual workers. The effects of these exposures are occupational
diseases and cancer risks. The actions to be taken for the exposures are: emission
control measures, chemical safety legislation, epidemiologic studies, improved

labeling and environmental health impact assessments.
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Figure 2.1 Environmental Health and Hazard Pathway (Corvalan et al., 2000)

Industries such as paint manufacturing and application are known as the VOC
emission sources (Environment Australia, 1998). Hazardous air pollutants such as
VOCs, particulate matter, etc. arising from paint manufacturing and application can

contribute to health problems that may affect employees, their families, and the

community (URL 1).

Paint is generally known as a pigment which is suspended within a liquid. It is
applied to protect and enhance the appearance of a surface (U.S. EPA, 1994).

However, although its primary purpose is surface protection, paint also serves as a
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decoration alternative for users. Thus, paint is applied for interiors and exteriors of
houses, boats, automobiles, planes, furniture, and many other places where protection
and decoration are desired (URL 2).

Conventional paints that contain high amounts of VOC have been linked to health
problems and air pollution as well. Furthermore, producing conventional paints is
also resource intensive (Robertson, 2011). However, there are new paint types called
“waterborne” paints which contain low amounts of VOC (Conseil Européen de
I'Industrie des Peintures, 2011). Therefore, substitution of high amount VOC
containing paints with low VOC paints (i.e. waterborne paints, powder coatings,
ultra-violet (UV) light, or higher solids paints) is a possible solution to reduce the
adverse effects of exposure to VOC namely BTEX originated from painting or paint

production activities.

Paint has started to become the main element of almost all sectors with the industrial
revolution and after that its importance in market and economies of countries has
also started to increase. Many of today's paint and coating materials may be
unnoticed by the consumer, but play valuable roles in delivering high-quality
foodstuffs, durable goods, housing, furniture and thousands of other products in
market (URL 3). Paint industry of Turkey has a total annual production capacity of
almost 800,000 tons/year. This corresponds to approximately 2% of the world’s paint
market. With this production capacity, Turkey has the 6" largest paint industry in
Europe (State Planning Organization, 2006).

According to the Paint Production Guidance (MoEU, 2009), which was prepared
under the scope of the Project of Improving the Management of Hazardous Waste
from Industries in Turkey, there are about 20 large scale facilities producing paint
using advanced manufacturing technologies. Moreover, there are almost 600 other
small and medium sized enterprises (SME) in the paint industry in Turkey. The
operating conditions in these plants may vary significantly compared to their

counterparts in Europe. The difference in production approaches and quality of
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occupational conditions results in variations in indoor concentrations of air

pollutants.

As stated in the 9™ Development Plan, there are 17,000-20,000 employees who are
involved directly in paint production. In addition, approximately 100,000 painters
and 25,000 employees in hardware stores are also exposed to paints. The overall
number of employees in the paint sector is estimated around 200,000 in Turkey.
Total production capacity of Turkey is composed of 61% waterborne paints whereas
39% of solvent based paints. Since the importance given to the environment and
human health has increased, more environment and human health friendly paint
types (i.e. low VOC containing paints, powder coatings etc.) has started to be used in
painting activities. However, there are still solvent based paints in the market and

these are applied during painting (State Planning Organization, 2006).

Employee profiles of the industry can be obtained from the project evaluation report
of OSH inspection for paint production workplaces (MoLSS, 2005). A total of 427
site visits were conducted by inspectors to workplaces where paint is produced in 30
provinces during the project. It was declared that about 15% of the employees were
females which indicate that males are dominant in the sector. As the case for all
chemical industries, paint industry leads to emissions as well which affect air quality
and human health adversely. For instance, Yin et al. (1987) presented a study in
China in which almost 280,000 (53%) workers among 528,729 who were exposed to

benzene or benzene mixtures were paint workers.

According to an interview conducted with a member of MoLSS (2014), who is
authorized to take sample from workplaces and analyze them in laboratory, paint is
generally applied via paint spray. Painting with brush is not generally practiced at
paint houses. However, although painting in a cabinet with ventilation or water
curtain is a crucial precaution to decrease the amount of exposure, employees
generally paint pieces with sprays generally at wide ateliers where other duties

relevant to the workplace (i.e. maintenance, repair or welding etc.) also continue.
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2.1 Paint Production and Composition

The paint production flow chart is given in Figure 2.2. Paint production process
generally starts with alkid production. Then, resins and solvents are added to the
produced alkid which is then followed by pre-mixing step. After that, pigments are
homogenously spread on the paint film through dispersion. To adjust the usage
properties, formulation phase is conducted preceding color adjustment. Produced
paint goes through quality control at the last stage of production. Then filling and

handling are realized for marketing (Sengiil et al., 2003).

-mixi Dispersion
{ Alkid production ‘ p
‘ Solvent, resin ‘ .
Formulation
Pigment _Color
addition adjustment
cirs Quality

Figure 2.2 Flow Chart of Paint Production (Sengiil et al., 2003)




Paint application is quite common in almost all kinds of industrial sectors. Especially
in automotive sector, shipyards, furniture manufacturing, etc., several operations or
manufacturing stages include paint application. Paint consists of 4 major components

which are:

Pigments,
Binders,

Chemical additives and,

e

Solvents.

Pigment is a solid substance which can be organic or inorganic dispersed throughout
the coating to impart a color and protect it. The binder is used to aid the pigment to
hold on the surface and connect the grains tightly. It is the liquid portion of the paint
and there are three varieties according to surface type and usage purpose: aqueous,
oily and natural/plastic resin. On the other hand, additives are generally used for
modifying the existing paint properties. Finally, solvents are volatiles, which are
used to solve or distribute the binder or to facilitate the production process and to
improve application conditions (Erkmen, 2012). During paint application and drying,
solvents are emitted to air mainly as mixtures of organic hydrocarbons, alcohols,

esters and ketones (Rentz et al., 2002).

BTEX is one of the group of compounds emitted during paint production and
application. Paint is a combination of many substances and chemical such as
pigments, solvents, additives, and binding elements. Furthermore, there are about
3,400 substances used in the paint production according to use purpose or different
properties of paint. Thus, there is not a general formula for paint since there are many
types of it (MoLSS, 2005).
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2.2BTEX

Chemical Abstract Service (CAS) and chemical structure of BTEX compounds are
given in Table 2.1. In general, the primary sources of the BTEX compounds in
ambient air are known as emissions from motor vehicles and aircraft exhaust, spills
of petroleum and cigarette smoke. Also, refined petroleum products, some chemical
intermediates and consumer products like paints, thinners, rubber products, inks,
cosmetics and pharmaceutical products can cause BTEX emissions as well. Once
released into the environment, BTEX evaporates quickly into the air (Leusch and
Bartkow, 2010).

Table 2.1 Name, Chemical Abstract Service (CAS) and Chemical Structure of BTEX

Compounds
CAS Compound Aduitic gtr:’zrgtll::?;
71-43-2 Benzene CeHe @
108-88-3 Toluene CeHsCH; @%
100-41-4 Ethylbenzene CH3-CH,-CgHs H,C\/©
CH,
1330-20-7 Xylene CeH4(CHa)2 @m,

2.2.1. Benzene

According to WHO (2000); benzene is a colorless, flammable liquid at room
temperature with relatively low boiling point and a high vapor pressure. As a result,
it evaporates quickly at room temperature. It is slightly soluble in water and miscible
with most organic solvents. Benzene in ambient air exists predominately in the vapor
phase, with residence times varying between a few hours and a few days, depending

on the environmental conditions, climate and concentrations of other pollutants.
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Benzene is a natural component of crude oil, and petroleum. It is produced in large
quantities from petroleum sources and used for the chemical synthesis of
ethylbenzene, phenol and other substituted aromatic hydrocarbons. In 1988, about 20
million tons and 5 million tons benzene were produced worldwide and within the
countries of the European Economic Community, respectively. Benzene production
in the United States of America (USA) in 1990 was estimated nearly 5.4 million tons
(WHO, 2000). In 2010, estimation of benzene production was 6.8 million tons in
USA (URL 4). The increase in benzene production may result due to increase in

gasoline use in all around the world.

The major sources of benzene in ambient air are exhaust emissions and evaporation
losses from motor vehicles as well as evaporation losses during handling, distribution
and storage of petroleum. Benzene has also been detected at high levels in indoor air.
Although some of the exposure to benzene might arise due to building materials
(paints, adhesives, etc.), mostly cigarette smoke at homes and public areas is the
source. Benzene can also be found in products such as synthetic rubber, plastics,
nylon, insecticides, paints, dyes, resins-glues, furniture wax, detergents and
cosmetics (WHO, 2000).

According to WHO (2000), inhalation is the dominant pathway for benzene exposure
for humans; whereas intakes through food and water consumptions are minimal.
Smoking is a significant source of personal exposure as mentioned above. Also
short-term exposures may be due to refueling of motor vehicles. In the USA, the
daily exposures to benzene from ambient and indoor air have been calculated to
range between 180 ug/day and 1,300 ug/day, respectively. The intake concentration
from food and water is up to 1.4 pg/day. There are negative health effects due to

exposure to benzene and several types of blood dyscrasia have been noted.

Benzene may be one of the risk factors in the incidence of chronic diseases such as
diabetes, and lung and breast cancers in the developing countries based on the

toxicity mechanism of benzene. Epidemiologic and experimental studies suggest that
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benzene exposure can lead to numerous non-cancer health effects associated with
functional aberration of vital systems in the body like reproductive, immune,
nervous, endocrine, cardiovascular, and respiratory. Moreover chronic benzene

exposure should be a matter of concern for societies (Bahadar et al., 2014).

Most of the observed disease cases reported several years ago were due to exposure
to benzene while using solvents in different workplaces. An increased frequency of
anemia (decrease in number of red blood cells or having less than the normal
quantity of hemoglobin in the blood) was detected among shoe factory workers,
rotogravure printing workers and rubber factory workers with prolonged exposure to
high benzene concentrations (hundreds of milligrams of benzene per m®). One of the
first epidemiological studies in Turkey demonstrated an increased incidence of
leukemia among shoe factory workers in Istanbul. Shoe factory workers in Florence,
Italy, were subject to an increased risk of leukemia before 1963 (WHO, 2000). These
situations could have occurred due to the use of adhesives and paint in shoe

production industry.

Under the light of the given information, the most significant adverse health effects
due to prolonged exposure to benzene are being toxic to genes and carcinogenicity. It
should be noted that benzene is carcinogenic to human and safe level of exposure of
benzene cannot be recommended. Besides, acute occupational exposure to benzene is
known to be the reason of headache, dizziness, drowsiness, confusion, tremors and
loss of consciousness and eye and skin irritations (WHO, 2000). The increase in the
lifetime cancer risk of an individual who is exposed to 1 ug/m® benzene in air for a
lifetime is in the range of 2.2x10° to 7.8x10° (U.S. EPA-IRIS, 2003).
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2.2.2. Toluene

Toluene is a noncorrosive and volatile liquid with an aromatic odor. It is generally
used as a solvent for paint or a thinner for paint, coatings, gums, printing, rubber,
cosmetics, oils and resins. It is estimated that 10 million tons of toluene has been
produced worldwide. The bulk of production is in the form of a benzene-toluene-
xylene (BTX) mixture used in the back blending of petroleum for enhancing octane
rates. Moreover, sources of emissions of toluene result from production, marketing
and storage of petroleum. Due to the high volatility in air and low solubility in water,
toluene present in natural waters may be expected to be released to the atmosphere
(WHO, 2000).

Non-occupational uses of paints and thinners, together with tobacco smoke, represent
the principal sources of toluene in indoor environments. It is expected that toluene
levels in indoor environments are significantly higher than outdoor levels involving
non-occupational use of paint and thinners, and also tobacco smoke existence.
Inhalation is the predominant route of exposure to toluene. In rural areas average
ambient air concentrations of toluene are almost lower than 5 pg/m®, while in urban
air the mentioned concentrations are in the range 5-150 pg/m®. This is because
concentrations could be higher via getting closer to industrial emission sources
(WHO, 2000).

1,020 toluene exposed workers who had been employed for a minimum period of
three months during the period of 1925-1985 were examined in a study. No
significant increases in tumors and no cumulative dose-response relationship in
workers were observed in an exposure period of at least five years and a latency
period of 10 years. Moreover, there was no quantitative estimate of carcinogenic risk
from inhalation exposure to toluene (WHO, 2000). Thus, there is inadequate
evidence in humans for the carcinogenicity of toluene and it cannot be classified as

carcinogenic to humans (HPA, 2007).
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Acute and chronic health effects are observed mostly on central nervous system as a
result of toluene exposure. Acute inhalation or ingestion can cause systemic effects
such as euphoria, excitation, hallucinations, dizziness, drowsiness, ataxia, slurred
speech, tremors, respiratory depression, arrhythmias and convulsions. Furthermore,
coma and death can occur following substantial exposures (HPA, 2007). Canadian
Centre for Occupational Health and Safety (CCOHS, 2013) states that toluene may
irritate nose and throat. Also due to inhalation of toluene; headache, nausea,
dizziness, drowsiness, confusion and unconsciousness can be observed as adverse
health effects (CCOHS, 2013).

2.2.3. Ethylbenzene

Ethylbenzene is generally emitted from consumer products of paint, ink, plastics, and
pesticides. It is highly flammable and colorless liquidized compound primarily used
for the production of styrene. It is also known that in 1975, 98% of all ethylbenzene
produced in the USA was used as the raw material for styrene manufacture (WHO,
2000).

U.S. EPA declares that short term ethylbenzene exposure causes adverse effects on
respiratory system, such as throat irritation and chest constriction and also irritation
of the eyes, and neurological effects such as dizziness. On the other hand, long-term
exposure via inhalation has shown conflicting results regarding its effects on the
blood in human. Animal studies have reported effects on the blood, liver, and
kidneys from chronic inhalation exposure to ethylbenzene. However, there is limited
information on the carcinogenicity of ethylbenzene for human; in other words, the
information of quantitative estimate of carcinogenic risk from inhalation exposure to

ethylbenzene is not available (URL 5).
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2.2.4 Xylene

Xylene is an aromatic hydrocarbon consisting of a benzene ring with two methyl
substituent. It is a colorless liquid which is insoluble in water. It has three isomers of
dimethylbenzene which are distinguished by the designations of ortho- (0-), meta-
(m-), and para- (p-), which specify to which carbon atoms of the benzene ring the
two methyl groups, are attached (WHO, 2000).

Xylene is generally used in gasoline and as a solvent in printing, rubber and leather
industry. It is released into the atmosphere via emissions mainly from industrial
sources, automobile exhaust, and through volatilization during their usage as
solvents. It has also been detected at low levels in indoor as xylene has been widely
used in house products such as synthetic fragrances and paints (Oregon Department
of Human Services, 1994).

Irritation of eyes, nose, and throat, gastrointestinal effects and neurological effects
are seen in short term (term of “acute” can also be used) due to exposure through
inhalation of mixed xylenes. Long term (term of “chronic” can also be used)
inhalation exposure of humans results primarily in central nervous system effects,
such as headache, dizziness, fatigue, and incoordination. Respiratory, cardiovascular,
and kidney effects have also been investigated. On the other hand, quantitative
estimate of carcinogenic risk from inhalation exposure to xylene is not available
(WHO, 2000).

2.3. Major Health Problems Associated with Paint Production and Application

Workers in paint production and application industries are potentially exposed to the
chemicals found in paint products during production and application. These
exposures may result in some obvious and non-obvious health problems. In other
words, chronic or acute health effects due to exposure to the chemicals in paint could

be observed.
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As stated before, a solvent is a substance used to dilute or dissolve another substance
to produce a solution. There are mainly two types of solvents: organic and inorganic.
Ammonia, carbondioxide, phosphorus tribromide and water are the inorganic
solvents while carbon containing solvents are called as the organic solvents.
Examples for organic solvents are; hydrocarbon solvents, alcohols, esters, ethers, and

volatile organics (Arslan Tatar, 2012).

There are three ways that solvents or other volatile paint components can penetrate
into a human body (Figure 2.3) (URL 6):

1. Inhalation
2. Ingestion

3. Skin contact

INHALATION

Figure 2.3 Chemical Exposure Routes (URL 6)
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1. Inhalation: Breathing in solvent vapors is a common route of exposure. Vapors
can directly irritate the eyes and/or nose, and if inhaled, they may cause drowsiness,
fatigue, loss of coordination, irregular heartbeats, and slowed and labored breathing.
In extreme cases, exposures can be lethal. Excessive, repeated, and prolonged
exposure to some types of solvent vapors has been known to result in permanent
nerve or brain damage. It is also known that some solvents, such as benzene, can
cause cancer due to inhalation under rare conditions (U.S. Department of Defense,
2007).

2. Ingestion: Although not commonly seen, directly swallowing of solvents or
consuming food or drink contaminated with solvents can cause negative health

effects on human (U.S. Department of Defense, 2007).

3. Skin Absorption: Many solvents can easily pass through the skin. Some also can
pass through gloves or other protective clothing if they are not designed for the
specific solvent. Skin contact with solvents can result in loss of the protective fats
and oils in the skin, resulting in dryness and irritation, rashes, or chemical burns.
Simple skin irritation may take about a week to clear up, but in severe cases, it may
take longer. Excessive skin exposure to some solvents can result in many of the same
health effects seen after breathing in solvent vapors (U.S. Department of Defense,
2007).

Indoor ambient monitoring revealed that high levels of VOCs are associated with
places where solvents are frequently used such as paint dilution (Lerner et al., 2012).
VOCs from painting solvents are one of the most important sources of pollutants for
the paint industry. They include a large group of air pollutants such as benzene,
toluene, xylene, hexane, heptane, trichloroethane, perchloroethane and cyclohexane.
Additionally, exposure to VOCs is associated with allergies and adverse respiratory
effects, frequently expressed as asthma or Chronic Obstructive Pulmonary Disease
(COPD). On the other hand, lung, stomach, colon, bladder, esophagus, kidney cancer

risks are higher for painters and, if paint contains benzene, due to solvent effect,
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early dementia, endocrine disorders, COPD, mixed dust pneumoconiosis and kidney
diseases are also known as the high risked illnesses related with the job (Lerner et al.,
2012).

Common reasons for occurrence of poor IAQ in closed environments are listed as
follows (URL 7):

» Improper or inadequately maintained heating and ventilation systems,

Y

High or low humidity,
» Contamination by construction materials, glues, fiberglass, and particle
boards, paints, chemicals, etc.

» Increase in number of building occupants and time spent indoors.

The concentrations of indoor and outdoor air pollutants have been increased due to
human activities especially in China (Liu et al., 2014). This has pushed stricter air
quality standards to be legislated. However, the guideline limits for indoor air
pollutants namely formaldehyde, acetaldehyde and benzene can be different in
different countries. For example, the limiting concentrations in terms of health risks
in Chinese legislation imply 2 to 3 magnitude higher cancer risks compared to the
acceptable risk of 1x10°® commonly required by EPA (U.S. EPA, 2009). Liu et al.
(2014) evaluated personal exposure limit levels of air pollutants in public scale in
China. In the scope of the study, indoor concentrations of BTX and carbonyl
compounds were measured at 128 homes in Beijing with decoration ages longer than
5 years. The concentrations of BTX and carbonyls were only gathered at living
rooms and cooking areas. The aim of the study was to identify the profile of poor
IAQ in houses originating from the paint used in buildings. The concentrations of
toluene and xylene were detected as 1.3 to 75.6 pg/m® 0.2 to 75.6 pg/m’,
respectively, in the living rooms and 1.4 to 86.0 pg/m® 0.2 to 78.7 pg/m®
respectively in cooking areas. Toluene was the most abundant component among
BTX, followed by xylenes. Benzene exhibited lower concentration ranging from 1.0

to 37.5 pg/m® in living rooms and 1.0 to 45.9 pg/m® in cooking areas. As benzene
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has been widely used as an industrial solvent in paints, varnishes, thinners and
gasoline, it could be easily detected in almost all indoor environments (Liu et al.,
2014). Toluene has also been used as a solvent in a variety of household products
such as paints, rubbers and adhesives. Toluene concentrations, ranged from 0.3
ng/m® to 358 pg/m® in indoor air. The highest values were observed due to usage of
cleaning products, in general. In residential houses typical concentrations of toluene
ranged from 4 pg/m® to 50 pug/m® xylenes (o,m,p-xylenes). Xylenes are used as
solvents for paints, rubbers or adhesive materials and the emission of xylene can also
be observed due to cigarette smoking. Liu et al. (2014) calculated the mean cancer
risk due to exposure to indoor benzene as 0.9x10™* which was higher than the
commonly acceptable risk of 1x10°® (U.S. EPA, 2009). Building material, paint
solvents, particle board and plywood flooring were the crucial sources contributing

to personal exposure to benzene in indoor air.

United States-Occupational Safety and Health Administration (OSHA, 2011) has
compiled information on poor IAQ. Headaches, fatigue, trouble concentrating, and
irritation of the eyes, nose, throat and lungs are mentioned as the main symptoms of
poor 1AQ. Additionally, according to U.S. OSHA (2011) exposure to VOCs can
result in both acute and chronic health effects, depending on factors like the level of
exposure and the length of exposure. A few VOCs, such as benzene, have been
directly linked to cancer in humans (and occurs after many years), and others are
suspected of causing cancer. U.S. EPA states that health effects from indoor air
pollutants may be experienced soon after exposure or, possibly years later than
exposure (URL 8).

Chen et al. (2012) declared that “VOCs are commonly used for industrial purposes in
vast quantities, but can also be found in any home, in items such as paint.” The
adverse effects of exposure to such chemicals can be observed both on personal
health and on environment. The authors added that many of these compounds are
known as carcinogens (i.e. benzene) or central nervous system toxicants (i.e.

toluene). Fernandez et al. (2012) mentioned in the study that the estimation of WHO
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on annual deaths worldwide attributable to IAC was 2,000,000 people and
additionally, WHO has also ranked this phenomenon as the tenth avoidable risk with

respect to importance for the health of the general population.

BTEX compounds are also known as IAC. Long and short term health effects of
these chemicals together with the classifications according to EPA-IRIS,
International Agency for Research on Cancer (IARC), and National Toxicology
Program (NTP) are given in Table 2.2. Results obtained from a number of studies
related with BTEX, IAQ and human exposure studies carried out in different years
are given in Table 2.3.
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Table 2.2 Short Term and Long Term Effects and Classifications of the Compounds according to EPA-Integrated Risk Information

System (EPA-IRIS), International Agency for Research on Cancer (IARC) and National Toxicology Program (NTP)

Compound Short-term Health Effect* Long-term Health Effect* EPA-IRIS* IARC** NTP***
Benzene E;;dvg?ssz’ glgrﬂin;i?ﬁ Leukemia and cancer of the Group A, Known g;cr)gi?\ol, enic to Known to be a
irritation ’un}éonsciousness blood-forming organs human carcinogen humansg human carcinogen
, : P L classifiable as to i
Toluene headaches, and nausea, even movements, and impaired classifiable as to FUrman No evidence of

death at higher levels of
exposure

speech, hearing, and vision,
liver or kidney damage

human carcinogenicity

carcinogenicity

carcinogenicity

Ethylbenzene

Respiratory effects, throat
irritation and chest
constriction, eye irritation,
dizziness

Limited information is
available on long term effects

Group D, Not
classifiable as to
human carcinogenicity

Group 2B, Possibly
carcinogenic to
humans

No evidence of
carcinogenicity

Xylene

Dyspnea and irritation of the
nose and throat and eye;
impaired short-term
memory, impaired body
balance

Headache, dizziness, fatigue,
incoordination, anxiety,
impaired short-term memory,
and inability to concentrate,
severe chest pain and possible
effects on the kidneys

Group D, Not
classifiable as to
human carcinogenicity

Group 3, Not
classifiable as to
human
carcinogenicity

No evidence of
carcinogenicity

* URL 9 http://www.epa.gov
** URL 10 http://monographs.iarc.fr/ENG/Classification
*** URL 11 http://ntpsearch.niehs.nih.gov
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http://ntp.niehs.nih.gov/index.cfm?objectid=07027D0E-E5CB-050E-027371D9CC0AAACF#CARCDEF
http://ntp.niehs.nih.gov/index.cfm?objectid=07027D0E-E5CB-050E-027371D9CC0AAACF#CARCDEF
http://ntp.niehs.nih.gov/index.cfm?objectid=07027D0E-E5CB-050E-027371D9CC0AAACF#CARCDEF

Table 2.3 BTEX Concentrations (ng/m>-Mean) Detected in Different Residential, Workplace and Outdoor Environment from

Literature
Reference City, Country Sampling Benzene Toluene Ethylbenzene Xylene
Bono et al. (2003) | Biella and Torino, Italy Personal-Passive* 10.3 41.9 - 59.4
Gunatilaka M. Christchurch, New ] . ] o
Air-Passive (Vehicle emissions) 12.1 31.08 54 28.1
(2003) Zeland
o o Personal-Passive (Car painting) 53,100 93,800 23,800 72,500
Vitali et al. (2006) Rieti, Italy i : _
Air-Passive (Car painting) 29,400 21,200 4,900 18,400
Indoor air-Passive (Smoking) 2.02 6.41 1.03 1.24
Parra et al. (2008) Pamplona, Spain Indoor air-Passive (Non-smoking) 1.20 4.53 0.80 1.09
Indoor air-Passive (Pubs and cafes) 2.25 8.96 1.58 1.91
Air-Active (Point 1) 4.6 6.1 15 2.3
Air-Active (Point 2) 3.0 4.9 1.0 1.4
Cokelek (2008) Kocaeli, Turkey Air-Active (Point 3) 2.3 6.4 0.5 1.4
Air-Active (Point 4) 2.8 4.0 0.8 1.4
Air-Active (Point 5) 2.9 3.7 0.8 14
Liu H. etal. Chi Personal-Active (Poor vent.)** 192,530 - - -
ina
(2009) Personal-Active (Good vent.)** 113,910 - - -
Soldatos et al. Personal-Active (Car parking worker) 366 374 102 279
Athens, Greece _ _ _
(2010) Personal-Active (Gasoline station) 1,731 1,995 272 994

* Personal: Workers’ breathing zone.
** Poor ventilation: Simple electric fans (i.e. floor fans) or natural ventilation; Good ventilation: mechanical ventilation system (i.e. air exhaust hood and mechanical fan).
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Table 2.3 (Continued)

Air-Passive- Personal 6.65 13.07 2.27 1.07
B . Air-Passive- Indoor 6.13 7.47 1.32 0.47
Zhou et al (2011) Thanjin, China _ i
Air-Passive- Outdoor 3.89 1.89 2.23 0.30
Air-Passive- Office 1.38 1.46 0.30 0.07
Manuela et al. (2012) Rome, Italy Personal-Passive 16.7 65.2 - 107.8
Air-Passive (Repair and car painting) 59.2 601.5 384.9 959.7
Air-Passive (Sewing work rooms) - 6.3 3.3 5.0
Buenos Aires, Air-Passive (Chemical analysis
Lerner et al. (2012) ] . 6.9 7.7 6.3 15.7
Argentina laboratories)
Air-Passive (Take away food shops) - 19 - -
Air-Passive (Photocopy center - 3.3 - -
Personal-Passive (Bus driver) 30 ~ 46 ~9 ~18
Personal-Passive (Taxi driver) 39 ~32 ~13 ~ 30
Ho Chi Minh, _ i
Lanetal. (2013) Viet Personal-Passive(Motorcycle driver) 116 ~ 250 ~50 ~ 170
ietnam
Personal-Active (Petrol filling workers) 52 ~73 ~30 ~15
Personal-Active (Street vendors) 32 ~82 ~15 ~ 30
Du et al. (2013) Guangzhou, China Air-Passive 18.5 173.2 - 58.1
Liu et al. . Air-Passive (Living room) 10.2 17.7 - 10.8
Beijing, China _ i _
(2014) Air-Passive(Cooking room) 9.2 16.9 - 11.2

* Personal: Workers’ breathing zone.
** Poor ventilation: Simple electric fans (i.e. floor fans) or natural ventilation; Good ventilation: mechanical ventilation system (i.e. air exhaust hood and mechanical fan).
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2.4. Literature Review on IAQ and HRA of BTEX Exposure

There are several studies in literature which investigated the details of exposures
through several exposure routes and human health effects especially carcinogenicity
of the indoor air pollutants and also introduced HRA of these exposures.

Sofuoglu et al. (2010) conducted an HRA on chemical exposure of school children.
Children are more sensitive to environmental pollutants than adults due to their
higher breathing rates relative to their body size, and continuing growth.
Additionally, poor IAQ and poor ventilation in classrooms where children spend a
significant time of their daily life results in higher health risk levels. The authors
used EPA-IRIS methodology for calculation of cancer risks. Sampling period
continued for three seasons (winter, spring and fall). Both indoor (classrooms and
the kindergartens) and outdoor (playgrounds) air qualities were measured. They
founded that benzene, toluene, and formaldehyde were the most abundant
compounds with 95" percentile indoor air concentrations of 29 g/m® 87 g/m® and
106 g/m® for benzene, toluene, and formaldehyde, respectively. Naphthalene and
xylenes followed them with an order of magnitude lower concentration for each.
Two isomers of dichlorobenzene (1,3 and 1,4) were the other notable compounds.
The results were used to group the indoor air pollutants according to potential health
effects. The most concerning pollutant with high chronic toxic and carcinogenic risk
level seemed to be formaldehyde according to the health assessment which was
followed by naphthalene, benzene, and toluene in sequence based on chronic effects.
Benzene was also concern as the accepted carcinogenic risk estimates were above the

acceptable level of 1x10°°.

In a study performed in Sweden in 1980, exposure to organic solvents was measured
in the breathing zone of 17 Swedish male painters who were presumed to have the
highest exposure among 47 workers employed in seven factories in Sweden (WHO,
1989). Air samples were collected and analyzed with two portable gas

chromatographs. The median exposure concentrations were: xylene, 111 mg/m?* (for
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16 people); toluene, 11 mg/m?® (for 16 people); isobutanol, 5 mg/m® (for 15 people);
ethylacetate, 20 mg/m? (for 14 people); ethanol, 13 mg/m? (for 13 people); n-butanol,
7 mg/m® (for 13 people); methylacetate, 12 mg/m® (for 8 people); 719 mg/m®
dichloromethane (for 3 people), and 129 mg/m® isopropanol (for 1 person).
Although dichloromethane had the highest concentration, it cannot be said that it is
the most crucial compound emitted during painting as sample size (3) was not

sufficient compared to the ones used for xylene and toluene (16 samples).

Paint manufacturing employees who were known to be exposed to solvents were
monitored at seven different companies in New Zealand in 1986. Toluene, xylene
and ethylbenzene were found in indoor air of all of these seven workplaces. Hepane,

n-hexane, pentane and methylethylketone were found in few of them (WHO, 1989).

Several studies have focused on car painters because employees usually suffer from
chronic exposure to high levels of several different solvents in these workplaces.
Vitali et al. (2005) conducted a study in Italy at 8 handicraft car painting shops. The
solvents which were analyzed in the content of the study were toluene, ethylbenzene,
1, 2-dichloropropane, n-butylacetate, n-amylacetate, xylene isomers, ethylacetate,
and benzene. Exposure of car painters to these VOCs was mainly due to use of
varnishes. A simple regression analysis was performed to evaluate the relationships
between data obtained through environmental sampling with charcoal tubes, personal
sampling with diffusive charcoal samplers, and urinary determination. Regression
analyses for toluene and xylene showed positive correlations for urine levels both
with stationary and personal air monitoring (which means exposure due to
“inhalation”). The correlation was stronger for toluene (r = 0.85 and r = 0.95 as
stationary sampling vs urine level and personal sampling vs urine level, respectively)
compared to xylene (r= 0.14 and r=0.37 as stationary sampling vs urine level and
personal sampling vs urine level, respectively). Benzene levels found in post-shift
urine were positively correlated with workplace air concentrations measured by
stationary (r = 0.97) and personal (r = 0.67) sampling. The results of high correlation

between personal sampling and urinary level concentrations support the idea of
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exposure to toluene and benzene via inhalation at painting workplaces is a crucial

issue which needs attention.

Zhou et al. (2011) stated that personal exposure to VOCs often exceed outdoor
exposure. Indoor residential exposure and additionally high VOC concentrations
were the dominant contributors to personal exposure as people spend over 80% of
their daily time indoors. Moreover, specific activities such as washing dishes and
clothes or smoking were the main sources for exposure to certain compounds which
may lead to human health problems such as sensory irritation, nervous system
impairment, asthma and cancer. For instance, ethylbenzene and xylenes originate
from paints, cleaning products and building materials; whereas, benzene, styrene,

and other hydrocarbons are associated with smoking.

Zhou et al. (2011) measured the personal exposures of 12 people as well as
residential indoors/outdoors, workplace and in vehicle VOC concentrations in
Tianjin, China. For the personal exposure measurement, participants wear the passive
samplers, and put the sampler beside their bed at night. Passive samplers were placed
in the living room of each home as well as workplace, and away from open windows
and local sources of VOCs. Samplers in vehicles (i.e. buses and cars) where time for
commuting was spent were also placed. A sampler was also placed outside the
houses. The inhalation cancer health risks were calculated via EPA-IRIS’s Inhalation
Unit Risks (IUR). According to the cancer risk analysis relevant to personal
exposure, cancer risks were associated with benzene, chloroform, carbon
tetrachloride, and 1,3-butadiene with exceedance of the U.S. EPA’s benchmark of
10°. Benzene exhibited the highest risks at about 22 per one million population
(with median and mean cancer risks at 21.77 and 32.89 parts per million,
respectively), followed by 1,3-butadiene (median and mean cancer risks of 8.85 and
13.16 parts per million, respectively) and chloroform (median and mean cancer risks
of 5.58 and 6.47 parts per million, respectively). The cumulative cancer risk of
personal exposure to VOCs was the highest and it was followed by indoor exposure

and then vehicle originated exposure. Yet, Authors also highlighted the possible
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uncertainties in risk assessment (RA) due to measured exposure concentrations, IUR
values, measurement uncertainties, and short-term monitoring which ignored

potential daily variations.

In another study, VOCs in indoor air of SMEs in La Plata city in Argentina and
surrounding areas were monitored and analyzed by Lerner et al. (2012) to estimate
the health impacts of altering levels of VOC based on Life Time Cancer Risk (LCR)
and Hazard Quotient (HQ). VOC samples were gathered from electromechanical
repair and car painting center, sewing work rooms, take away food shops, chemical
analysis laboratories, and a photo copy center. None of the monitored small
enterprises used technological means to reduce chemicals. After 30 days of sampling,
cancer risks were calculated. LCR associated to benzene, chloroform and
trichloroethylene were calculated via multiplying the result of Chronic Daily Intake
(CDI) equation (see Equation 2.1) by potency factors given by EPA-IRIS (Lerner et
al., 2012).

CDI_CCXIRXEDXEFXLE )1
- BW x ALT x NY 2.1)

where CC is the contaminant concentration (mg/m?), IR is the inhalation rate (m*/h),
ED is the exposure duration (h/week), EF is the exposure frequency (weeks/y), LE is
the length of exposure, BW is the body weight (kg), ALT is the average lifetime
(period over which exposure is averaged, being used as 47 years), NY is the number
of days per year. For calculations, authors assumed an average BW of 70 kg and an
average IR of 8.5 m*day of air per day, ED of 8 h/d in indoor environments and EF
of 48 weeks/y and 5-day work/week, so NY is the number of days per year is
calculated as 240 days. The potency factor for benzene, chloroform and
trichloroethylene were accepted as 0.029, 0.013 and 0.081 mg/kg-day, respectively.
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Via the inhalation reference concentrations (RfC) non-cancer risks were calculated in
the study. The exposure rates in each SME were calculated to find a hazard quotient
“HQ” as given Equation 2.2 (Lerner et al., 2012):

CcC

HQ:W

(2.2)

where RfC values used in the study for toluene, xylene and hexane were 400, 300
and 200 ug/m3, respectively. It is underlined in the article that HQs >1 means that
there could be a health problem which should be thought as a public health concern.
However, HQ <1 means there would be no adverse effects because the exposure was
below the threshold level for an adverse effect occurrence. LCR for benzene and
trichloroethylene were one and two order of magnitude higher for the
electromechanical repair and car painting center, respectively. Moreover, for
chloroform, LCR was an order of magnitude higher than electromechanical repair
and car painting center and two orders of magnitude higher than other indoor

environments analyzed (Lerner et al., 2012).

Repairmen and painters were exposed to health risks originated from benzene.
Benzene and chloroform were detected only at the electromechanical repair and car
painting center compared to other premises. As a proposal, authors specially stated
that the results obtained in the study should be compared with the worker protection
legislations. The problematic workplaces were electromechanical repair and car
painting center where benzene, toluene and xylene concentrations are close to the
limits advised by OSHA (Lerner et al., 2012).

Daengthongdee and Soralump (2013) investigated VOC management during painting
activities in automotive industry in a paint shop and a resin shop in Thailand. The
general objective of the work was to assess health risks of occupational exposure
through inhalation of xylene and toluene particularly from painting in automobile

industry. Data were collected for xylene, toluene, and styrene two times between
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2005 and 2011. Samples were gathered from 18 spots in paint shops and 5 spots in
resin shops.  Totally 23 painting workplaces were monitored.  Measured
concentrations were under the enforced OSH standard of Thailand which is stated as
100 ppm (434 mg/m?), 200 ppm (753 mg/m®), 100 ppm (425 mg/m®) for xylene,
toluene, and styrene, respectively, on the basis of 8 hour time weighted average
(TWA) values as, respectively. Hazard Index (HI) of exposure within the paint
spraying booth, pointed out the highest health risk. In the paint shop and mixing
room for resin shop, the average HI values were 20.5 (range of 0 to 83.7) and 79.8
(range of 0 and 173.3), respectively, which were too high compared to the acceptable
index of 1 for non-cancer health risks. Each cabinet had different paint spraying
methodologies (i.e. spraying portion, solvent flushing method) resulting in different
paint and solvent consumption. As a result, the volume of VOCs emitted and thus
exposure amounts varied. To reduce health risks of exposure, use of robots to
substitute for manual spray guns and auto spray machines were suggested.
Furthermore, a ventilation system was suggested in mixing room in order to improve

the air quality of workplace.

Liu H. et al. (2009) systematically reviewed the exposure database between 1956 and
2005 in China in order to form a trend of benzene exposure in paint using and
manufacturing industries. The data was compiled from 204 papers and 51 journals
for different years of occurrence, type of paint/coatings products, and type of
industries. The collected data represented 77% of the 31 administrative regions in
China. Benzene exposure data was analyzed according to work activities which were
brush painting, spray painting, paint mixing, immersion painting, and work processes

in paint manufacturing.

The overall median benzene exposure levels were 215 mg/m®, 82 mg/m?, 31 mg/m?,
and 6 mg/m® during the periods 1956-1978, 1979-1989, 1990— 2001, and 2002—
2005, respectively. Mean benzene exposure was significantly lower for paint
production than paint spraying. As benzene emission is higher during paint

application compared to paint production since closed system (i.e. tanks and mixers)
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IS used at paint production. However, no significant evidence supported the
possibility of different benzene exposures due to painting for different paint types.
Benzene exposure was significantly higher in poor ventilated workplaces as
expected. Ventilation is one of the most crucial factors affecting both IAQ and
pollutant exposure. No significant differences were gathered in benzene exposure as
a function of industry type (Liu H. et al., 2009). More recent benzene exposure
measurements suggested that many facilities in the paint industries in China still had
benzene concentrations that were above the Chinese Occupational Exposure Limit
(OEL) of 6 mg/m® TWA. Yet, concentrations were lower than the ones in previous
years (Liu H. et al., 2009).

There are other studies in literature which clarify the dose-response relationships for
paint manufacturing and painting activities like outdoor ship painting (Seeber et al.,
1996; Malherbe and Mandin, 2007) as well as organic solvent emissions in indoor
and outdoor painting (Celebi and Vardar, 2008). These and occupational exposure
assessment studies (Uang et al., 2006; Qian et al., 2006; Charretton and Vincent,
1997) set out the negative effects of BTEX concentrations in indoor and outdoor air,
occupational exposures to BTEX compounds especially emitted through painting

activities.

2.5. Legislation

There are regulatory restrictions in order to control outdoor air quality and personal
exposures which can be assumed as indoor air quality limits. These regulations are

present in both national and international legislations and given in detail in the

following.
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2.5.1 National Legislation

In Turkey, outdoor air quality is under the control of MoEU with regulations named
as the Regulation on Air Quality Assessment and Management, Regulation on
Industrial Air Pollution Control, Regulation on Gasoline and Diesel Quality by
Exhaust Emission Control, Regulation on Large Combustion Plants and Regulation
on Control of Air Pollution from Warming. In these regulations the general phrases
of “the objective of this regulation to protect outdoor air quality from adverse effects
of air emissions originated from the enterprises” and ‘“the workplaces included
within the occupational health and safety legislation except outdoor environment is
not under the scope of this regulation” are included. This means that only outdoor air
quality is controlled by MoEU and there is no legislation enforced by MoEU on 1AQ

management.

Personal exposure in indoor environments (especially workplaces); on the other
hand, is considered under the scope of OSH field. MoLSS is responsible from the
enforcement of this regulation and it provides new policies and approaches in order
to protect employees from adverse health effects of workplace air conditions and

exposures to pollutants.

The former approach of the MoLSS which was committed in Statute of Employee
Health and Occupational Safety (1978) was reactive. This means that, it was a guide
only for actions that should be adopted following accidents or occurrence of
occupational diseases rather than prevention approaches. However, with the Law of
Occupational Health and Safety, Law No: 6331 (2012), the proactive approach has
been adopted in work life. In this point of view, all means of technology, engineering
and new approaches adopted by developed countries have been internalized both for
employees and employers in order to protect health and safety of employees. It
should be highlighted that the new statue has been prepared and published in order to
create a parallelism with the European Union (EU) Workplace Health and Safety
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Directive (89/391/EEC), which is crucial for the EU harmonization process of

Turkey. Related regulations to the Directive have been published as well.

Occupational chemical exposures in Turkey are handled and managed through the
Regulation on Health and Safety Measures for Works with Chemical Substances
(RHSMWCS, 2013) and the Regulation on Health and Safety Precautions on Works
with Carcinogenic or Mutagenic Agents (RHSPWCMA, 2013). These regulations are
quite important because Turkey’s economy is significantly based on chemical
industry. In order to protect employees from occupational diseases or illnesses
resulting from exposures as well as protect environment from hazardous effects of
high amounts of chemical emissions or spills, RA should be performed. For this
reason, article 6 of the Regulation on Occupational Health and Safety Risk
Assessment (2012) should be reviewed. The article particularly indicates the key
points of RA for works that involve chemical substances in order to prevent not only
the health and safety of employees but also workplace and neighbor workplaces. Due
to the EU harmonization, all limit values of BTEX are taken directly from EU OSHA
standards and adopted into national legislation (URL 12). Points which should be
taken into account in particular in RA for activities involving usage of chemical

substances are:

a) Hazards and damages of chemical substance with respect to OSH,

b) Safety Data Sheet (SDS) provided by manufacturers, importers or sellers,

c) Exposure type, level and duration,

d) Amount of chemical substance, condition of usage, and frequency of usage,

e) Occupational Exposure Limit Values (OELV) and Biological Limit Values
(BLV) given in the Appendix of the Regulation,

f) The effects of already taken or potential prevention measures,

g) If exists, the results of past health surveillances,

h) Interactions of substance with each other in works including more than two

chemical substances.
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Table 2.4 gives the OELV of toluene, ethylbenzene and xylene as given in the
Appendix 1 of RHSMWCS. In Table 2.4, the average exposure to a contaminant to
which employees may be exposed to without adverse health effects over a period of
8 hr/day or 40 hr/ week is stated as TWA and STEL (Short Term Exposure Limit),
respectively. STEL represents the limit value above which exposure should not occur
in a reference period of 15 minutes. The aim of a STEL is to prevent adverse effects
due to maximum exposure that could not be controlled by the use of an 8 hour TWA
limit. In addition to this Regulation, RHSPWCMA includes OELV for benzene,
which is carcinogenic (see Table 2.5).

As it is mentioned above, exposure limits given in Turkish legislation are the same as
the EU Directive values, which are also valid for all EU Member States. It is stated
in the “Methodology for the Derivation of Occupational Exposure Limits: Key
Document” of European Commission that Scientific Committee on Occupational
Exposure Limits (SCOEL) was established in 1995 by a European Commission
Decision to provide the toxicological examination of chemicals for the purpose of
detecting their effects on the health of employees. In the purposes of this document,
it is stated that “the objective in establishing OELVs is to set limits for exposure via
the airborne route such that inhalation, even when repeated on a regular basis
throughout a work life, will not lead to adverse effects on the health of exposed

persons and/or their progeny at any time” (European Commission, 2013).

While defining the exposure limits (i.e. TWA), Scientific Committee on
Occupational Exposure Limits adopt a ‘case-by-case’ approach, considering each
substance individually. It is stated that wherever possible the Committee attempt to
establish health based limits. The steps of the general procedure of SCOEL are:
integration of all relevant data on the hazards of the substance (i.e. relevant human,
animal and other laboratory base experimental information, as well as background
data like physical properties), identification of the adverse effects of exposure, to
detect and review of the quality of the relevant scientific studies (in humans or

animals) which characterize the key effects carefully, assessment of the dose-
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response data for each key effect and establish ‘no observed adverse effect levels’
(NOAELSs) wherever possible, or if otherwise establishment of ‘lowest observed
adverse effect levels’ (LOAELs), making the decision on whether a short-term
exposure limit (STEL) is required in addition to an 8-hour TWA limit, and finally
establishment of a numerical value for an 8-hour TWA limit at or below the NOAEL
(or, if this is not possible, below the LOAEL) (European Commission, SCOEL,
2013).

Table 2.4 Occupational Exposure Limit Values of Toluene, Ethylbenzene and
Xylene (in RHSMWCS)

Limit Value
STEL
EINECS CAS Substance TWA (8 hr) (15 min)
mg/m> | ppm mg/m’ ppm
203-625-9 | 108-88-3 | Toluene 192 50 384 100
202-849-4 | 100-41-4 | Ethylbenzene 442 100 884 200
Xylene
215-535-7 | 1330-20-7 | (mixture 221 50 442 100
isomers, pure)

Table 2.5 Occupational Exposure Limit Values of Benzene (in RHSPWCMA)

Limit Value TWA (8 hr)
EINECS CAS Substance 3
mg/m ppm
200-753-7 71-43-2 Benzene 3.25 1
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2.5.2 International Legislation

The EU has Council Directive 1999/13/EC on the limitation of emissions of VOCs
due to the use of organic solvents in certain activities and installations establishing
emission limit values for 20 different categories of “installations” that use solvents.
The purpose of the Directive is “to prevent or reduce the direct and indirect effects of
emissions of volatile organic compounds into the environment, mainly into air, and
the potential risks to human health, by providing measures and procedures to be
implemented for the activities defined in Annex I, in so far as they are operated
above the solvent consumption thresholds listed in Annex I1A”. Mentioned activities
of Annex | are coating, cleaning or printing activities generally in which solvents are
used and VOCs may be emitted. Yet, threshold solvent consumption (tons/yr) and
emission limits (g/kg or g/m?) given in Annex IIA for VOCs are not compound

specific.

There is also another EU Directive named as Directive 2004/42/CE on the limitation
of emissions of volatile organic compounds due to the use of organic solvents in
certain paints and varnishes and vehicle refinishing products and amending
Directive 1999/13/EC. The purpose of this Directive is “to limit the total content of
VOCs in certain paints and varnishes and vehicle refinishing products in order to
prevent or reduce air pollution resulting from the contribution of VOCs to the
formation of tropospheric ozone”. The Directive limits the VOC contents of various
products. The Directive is generally applicable for decorative architectural paints,
vehicle refinishing and protective paints applied on buildings. Permitted maximum
VOC limits for paints and varnishes for 12 subcategories are given as g/l for both
water-borne coatings and solvent-borne coatings. Furthermore, this directive

regulates the overall VOC amount, but not compound specific.

EU has enforced the adaptation of OSH logic to all fields in work life. In order to
achieve success in this manner, Council Directive 98/24/EC on the protection of the
health and safety of workers from the risks related to chemical agents at work was
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published. The scope of the Directive is to define “minimum requirements for the
protection of workers from risks to their safety and health arising, or likely to arise,
from the effects of chemical agents that are present at the workplace or as a result of

any work activity involving chemical agents.”

To provide guidance for member states, EU published Commission Directive
2000/39/EC establishing a first list of indicative occupational exposure limit values
(IOELV) in implementation of Council Directive 98/24/EC on the protection of the
health and safety of workers from the risks related to chemical agents at work. This
Commission Directive includes IOELV in its Annex. The values given in the Annex
for BTEX are the same with those given in Table 2.4.

USA,; on the other hand, has a primary federal law which governs OSH in the private
sector titled as the Occupational Safety and Health Act of 1970. The aim is stated as
“by encouraging employers and employees in their efforts to reduce the number of
occupational safety and health hazards at their places of employment, and to
stimulate employers and employees to institute new and to perfect existing programs
for providing safe and healthful working conditions; and by providing that employers
and employees have separate but dependent responsibilities and rights with respect to
achieving safe and healthful working conditions” (Occupational Safety and Health
Act of 1970, 2004).

With respect to chemical exposure, OSHA (2013) has regulatory arrangements in its
database. This database includes specific information of each hazardous chemical
with respect to chemical identification, physical properties, exposure limits, health
issues, public safety, clothing, evacuation when large spill occurs, response fire
caution, first aid, etc. (URL 14).

The establishment of U.S. National Institute for Occupational Safety and Health
(NIOSH), an independent research institute, was realized according to Occupational
Safety and Health Act of 1970. There is a partnership with OSHA and NIOSH.
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OSHA is under the U.S. Department of Labor. It develops and enforces workplace
safety and health regulations. NIOSH is under the U.S. Centers for Disease Control

and Prevention of the U.S. Department of Health and Human Services.

The exposure limits of benzene, toluene, ethylbenzene and xylene according to U.S.
OSHA and NIOSH are given in Table 2.6 (URL 13, URL 14, URL 15, URL 16 and
URL 17).

Table 2.6 Exposure Limits of BTEX According to OSHA and NIOSH

Benzene
OSHA NIOSH
PEL*-TWA mg/m® 3.19 REL**-TWA mg/m° 0.32
Carcinogenicity Yes Carcinogenicity Yes
Toluene
OSHA NIOSH
PEL-TWA mg/m® 754 REL-TWA mg/m® 375
Carcinogenicity NA Carcinogenicity NA
Ethylbenzene
OSHA NIOSH
PEL-TWA mg/m® 435 REL-TWA mg/m® 435
Carcinogenicity NA Carcinogenicity NA
Xylene
OSHA NIOSH
PEL-TWA mg/m® 435 REL-TWA mg/m® 435
Carcinogenicity NA Carcinogenicity NA

* PEL: U.S. OSHA's Permissible Exposure Limit expressed as a TWA; the concentration of a substance to which
most workers can be exposed without adverse effect averaged over a normal 8-h/workday or a 40-h/workweek.
**REL: U.S. NIOSH's Recommended Exposure Limit for up to 10-h TWA exposure.

As can be seen in Table 2.6, there are differences (i.e. an order of magnitude) in
benzene and toluene exposure limits in OSHA and NIOSH (i.e. NIOSH limit is half
of the OSHA’s limit), although they are established in the same country. One of the
main reasons for the difference in these limit values (i.e. PEL and REL of OSHA and
NIOSH, respectively) is that REL assumes TWA exposures up to 10 h/day whereas
PEL assumes TWA exposures for 8 h/day (URL 18).
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Utilization of “permissible” and “recommended” give an idea about the differences
between exposure limits of OSHA and NIOSH. NIOSH, responsible for
recommending health and safety standards, has joined OSHA in 1974. OSHA’s
jurisdictions include promulgation and enforcement activities in developing a series
of occupational health standards. NIOSH evaluates all known and available medical,
biological, engineering, chemical, trade, and other information relevant to the hazard
in order to derive the PELs (URL 18).

U.S. OSHA stated at its website that the Agency has not limited its initial
consideration of appropriate limits to those levels established by the American
Conference of Governmental Industrial Hygienists (ACGIH) or NIOSH (URL 19).
However, the Agency has carefully evaluated the exposure limits recommended by
NIOSH, the OSHA's sister agency. In cases where both NIOSH and the ACGIH have
recommended substantially different limits for the same substance, OSHA has
thoroughly analyzed the evidence presented by each organization and has made its

own judgment of the appropriate exposure limits.

Methods have been developed to permit any chemical to be handled safely. This is
conducted either via limiting the dose or controlling the exposure. However, before
the necessary degree of control can be determined for a particular exposure or
situation, the toxicity of the substance in question must be known and investigated
thoroughly. Main factors affecting the exposure limit concentrations are: route of
exposure, duration and frequency of exposure, variation in response and dose-
response analysis (i.e. lethality studies), form of the response (i.e. trend of dose-
response relationship), type of toxicological evidence (i.e. clinical observations or
epidemiological studies) and quality of evidence (URL 19).

For all substances addressed in rule making, OSHA has evaluated the extensive
evidences (i.e. scientific studies, dose-response analysis results etc.) in record which
are given above. Thus, “the limits being established today represent, in the Agency's

professional judgment, those levels found to be most consistent with the best
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available toxicological data, dose-response analysis, OSHA's mandate, and the case
law that has subsequently developed to interpret that mandate” (URL 19). However,
OSHA recognizes that many of its PELs are outdated and inadequate for ensuring
protection of worker health. Most of OSHA’s PELs were issued shortly after
adoption of the Occupational Safety and Health Act of 1970, and have not been
updated since that time (URL 20).

There are other OSH institutions in the world. For instance, Health and Safety
Executive (HSE) in England, Department of Occupational Safety and Health in
Malaysia, Finnish Institute of Occupational Health in Finland, National Institute for
Occupational Safety and Health, Japan in Japan, Institut National De Recherché Et
De Sécurité in France and Italian National Institute for Occupational Safety and
Prevention in Italy. All of these organizations have their own action plans,
precautions, methodologies and standards in terms of OSH and human and

environmental health.

Example legislative exposure limits and standards with respect to BTEX exposure in
workplaces are provided in Table 2.7. It can be seen from Table 2.7 that, exposure
limits could vary from country to country. Furthermore, the limit values of England,

a member of EU, are same as the Turkish legislative limits.
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Table 2.7 Exposure Limits of BTEX in Different Countries

Exposure Limit Values of Compounds (mg/m?®)
Country
Benzene Toluene | Ethylbenzene Xylene

England ® 3.25 191 442 221
ACGIH, USA " 1.60 192 - 442
Alberta, Canada ° 3.20 375 434 434
France ° 3.25 375 442 442
Japan ° 3.25 188 217 217

# Health and Safety Executive, EH40/2005 Workplace exposure limits, Second Edition, 2011, England.

b http://www.worksafebc.com/regulation_and_policy/

¢ http:/iwww.canlii.org/en/ab/laws/regu/alta-reg-393-1988/latest/alta-reg-393-1988.html

Y Institut National De Recherché Et De Sécurité, Valeurs Limites D ‘exposition Professonnielle Aux
Agents Chimiques en France, 2012, France.

¢Japan Society for Occupational Health, 2013.

Although above legislation focus on OSH and personal exposure, they can also
provide references for the level of relevant constituent concentrations that should not
be exceeded in indoor air at the workplaces. Therefore, in this study, they will be
used as references to evaluate the indoor BTEX concentrations at selected industries

in Turkey in which paint is manufactured or used.
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CHAPTER 3

METHODOLOGY

The methodology used in this study is explained in this chapter. Detailed information
on sampling and analysis of BTEX compounds is also provided. Furthermore, HRA

methodology used in this study is presented in detail.

3.1 Data Collection

In Turkey, employers are required to provide employees a healthy and safe work life
according to relevant regulations. MoLSS is the authorized institution to control this
requirement in workplaces. For this reason, ISGUM of General Directorate of
Occupational Health and Safety (GDOHS), collects air samples from employees’
breathing zone and analyze these samples at ISGUM’s own accredited laboratories
for various pollutants and dust. Sometimes physical factors like noise, vibration etc.
are measured at workplaces as well. Results of the analysis are reported by ISGUM.

Sample collection methodology is explained in the next paragraph.

Sampling procedure involves collection of 3 types of samples: ambient air samples,
8-hour exposure samples and short term exposure samples. The exposure samples are
gathered via aromatic hydrocarbon sampling pumps with a flow rate of 0.01-1 L/min
(for BTEX measurement a flow rate of 0.2 L/min is used), with flexible connecting

tubes which are attached on the employee. Thus, active sampling is conducted.

NIOSH Method 1501 (NIOSH, 1984) which provides information on the
determination of peak (level of exposure above the ceiling level that is allowed to

occur one time for a short interval, Nims D., 1999), ceiling (level of exposure that
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cannot be exceeded at any time during the work shift, Nims D., 1999), and TWA of
aromatic hydrocarbons is used as the guidance for both sampling and analysis. After
calibrating each personal sampling pump with a representative sampler in line, a
known volume of air is let to pass through the sample tube containing activated
carbon with the aid of the pump (see Figure 3.1). Organic vapor is collected on this
active carbon. The end of the tube is settled to the breathing zone of the paint worker.
Breathing zone is the zone within a 0.3 m radius of a sphere of worker's nose and
mouth, and it has been generally assumed that a contaminant in the breathing zone is
homogeneous and its concentration is equivalent to the concentration inhaled by the
worker (Ojima, 2012). Samples are collected in sorbent tubes generally for 2 hours

and then they are transported via cold chain (4-5 °C) and stored until the analysis.

=Tt

Figure 3.1 Personal Sampling Pump and Tube
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According to TS EN 140 (Standard for half face mask) and TS EN 141 (Standard for
gas-vapor filters), paint production and application employees should wear half face
masks (gas masks) as personal protective equipment (PPE) during work hours. The
masks should include A type filter which is suitable for paint related works (Drager,
2011). Based on an interview made with a member of MoLSS (2014), it has been
noted that; unfortunately, painting workers do not use the appropriate PPE in the
workplace environment. Furthermore, although they should wear appropriate filtered
gas masks, dust masks (which are exactly inappropriate for painting activities) are
provided to them because dust masks are cheaper than half faced masks.
Additionally, employees wear these masks during inspections but not during regular
work hours. However, the situation is better at the industry leader workplaces. In
addition, a gas mask has a lifetime for usage. When its filter reaches its capture
capacity, the filter should be changed. Wearing an appropriate gas mask will protect
an employee from being exposed to high amount of chemicals only during the
lifetime of filter. Thus, PPE usage has no effect on BTEX emissions sourced by
painting and paint manufacturing, it only decreases the inhaled concentration since
filters absorbs the pollutants. However, in this study it is assumed that the worker
does not wear a mask and the air concentration is equal to the inhaled concentration.

In NIOSH 1501 (NIOSH, 1984), all measurement details like analyte, desorption,
injection temperature, injection volume, carrier gas, calibration and accuracies are
given. In order to conduct the analysis, Gas Chromatography (GC-VARIAN CP
3800) and Flame lonization Detector (FID) were used by authorized personnel to
conduct experiments. Thereby, concentrations of compounds in the sample were

determined quantitatively.

In this study, reports belonging to paint related industries prepared by ISGUM
between 2006 and 2013 are used. A total of 57 different workplaces in Turkey are
evaluated in this study. Out of 57, 43 of them are located in Kocaeli, 2 workplaces in
Istanbul, 1 workplace in Sakarya, 1 workplace in Yalova and 1 workplace in

Canakkale, Marmara Region while 9 of them are located in izmir, Aegean Region.

45



Through 2006-2013 some of the 57 workplaces were visited once and the rest of
workplaces were visited multiple times. A total of 73 visits are conducted. In each of

these visits, a single or multiple samples were collected and this resulted in a total of
195 samples.

3.2 Evaluation

The goal of this study is to evaluate BTEX concentrations and associated health risks
at selected paint industry related workplaces as well as industries that employ
painting as a step in production process. However, due to the confidentiality
agreements between the investigated workplaces and ISGUM, full names of the

workplaces are not given in the study.

In this study, BTEX concentrations and associated health risks are evaluated with

respect to two classifications:

1. Type of industry as given in Table 3.1, and

2. Type of action in paint production or application as given in Figure 3.2.

Table 3.1 Type of Industry

Workplace Industry
Paint Production A
Public-owned (Application of paint) B
Maintenance and Repair (Land) Bl
Maintenance and Repair (Aircraft) B2
Shipyard B3

Automotive Painting

Furniture Painting

C

Shipyard D
E

F

Others (Painting i.e. metal offset, ceramic, pipe etc.)
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PAINT

PAINT

APPLICATION

Paint Pqint_
Preparation ‘ Application |

*Painting,
*Paint house,
*Metal and car

PRODUCTION

qPre-process q Process I

*Production,
*Pre-mixing, *Paint filling,
*Production of alkid *Color adjustment,

*Paint filling,

and synthetic resin, *Mixing.

*Filling of solvent, *Quality lab,
xylene etc. Qually b

painting,
*Retouch,
*Final coat

*Paint preparation,
*Mixing

*R&D

Figure 3.2 Type of Action

In the first category, industries are classified according to the type of industry (see
Table 3.1). These industries are comprised of private sector and public-owned. Paint
production workplaces are classified as A type industries. Public-owned institutions
where painting exists are classified as B type industries. They are divided into three
sub classes as B1, B2 and B3 type industries. B1 and B2 type industries represent
maintenance and repair facilities of land and aircraft, respectively. B3 type industry
specifies the public-owned shipyards; whereas D type industry represents private
shipyards where painting is done. Other types of industries (i.e. C, E and F type
industries) represent private sector workplaces which have paint application process.

In the second category, workplaces are classified according to action done in the
workplaces (i.e. paint production and application). For this purpose, four main
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groups are considered: (i) paint production/pre-processing, (ii) paint
production/processing, (iii) application/paint preparation, and (iv) application/paint
application. BTEX concentrations and associated health risks are evaluated with
respect to these two classifications in order to make a comparison through different
industries and processes.

ISGUM controls the conformity of a workplace in terms of occupational health via
comparing the pollutant concentrations in the employees’ breathing zone based on
the legislative limit values (TWA and mg/m?®) set in the Regulation on Health and
Safety Measures for Works Involving Chemical Substances (RHSMWCS) and the
Regulation on Health and Safety Precautions on Works Involving Carcinogenic or
Mutagenic Agents (RHSPWCMA) as given in Table 3.2. Recently, in different
countries HRA studies are used for this purpose as well (Lerner et al., 2012;
Daengthongdee and Soralump, 2013). Furthermore, the health risks of emerging or
existing environmental pollutants are subjected to close examination by many
regulatory authorities with more evidences on adverse health effects appeared in the
scientific communities and public media. Thus, assessment of health risks became a
crucial step in setting regulatory actions (Cao et al., 2011).

In this study suitability of the paint industry related workplaces is evaluated with
respect to both indoor air BTEX concentrations and their associated health risks.
Health risks associated with BTEX exposure are calculated using the procedures
provided in RAGS, Volume I Human Health Evaluation Manual (Part F,
Supplemental Guidance for Inhalation Risk Assessment) (U.S. EPA, 2009). This

procedure is explained in the following section.
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Table 3.2 Summary of Legislative Limit Values

Regulations Limit Value (mg/m®)
Benzene Toluene Ethylbenzene Xylene
RHSMWCS* - 192 442 221
RHSPWCMA** 3.25 - - -
OSHA (TWA) 3.19 754 435 435
NIOSH (TWA) 0.32 375 435 435

*Regulation on Health and Safety Measures for Works with Chemical Substances
**Regulation on Health and Safety Precautions on Works with Carcinogenic or Mutagenic Agents

3.3 Health Risk Assessment

Health risks are calculated for both cancer and non-cancer effects. Thus, HRA study
is divided in two parts: cancer risk assessment and non-cancer risk assessment. Since
it is known that benzene has both carcinogenic and non-carcinogenic effects, both
cancer and non-cancer risk assessments are conducted for benzene. On the other
hand for toluene, ethylbenzene and xylene, only non-cancer risk assessment is

conducted.

The excess cancer risk for a receptor exposed via inhalation is calculated by Equation
3.1; whereas Equation 3.2 is used for non-cancer risk which is represented by the
hazard quotient, (U.S. EPA, 2009):

Risk = IUR x EC (3.1)

where TUR is the inhalation unit risk (ug/m®)™; EC is the exposure concentration

(ng/m?®).
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EC

HQ= ————
Q= Ric x 1000

(3.2)

where HQ is the hazard quotient (unitless); EC is the exposure concentration (pg/m®)
and RfC (mg/m°) is the reference concentration which is an indication of inhalation
toxicity. The “1000” in the denominator of Equation 3.2 is the conversion factor

from mg to pg.

If the receptor is exposed to multiple chemicals through inhalation, first the HQ
value for each chemical is calculated, and then they are summed to calculate
cumulative non-cancer health risks. This cumulative value is referred to as the
Hazard Index (HI) (U.S. EPA, 2009).

EPA defines IUR in the IRIS dictionary (U.S. EPA, 2009) as “the upper-bound
excess lifetime cancer risk estimated to result from continuous exposure to an agent
at a concentration of 1 ug/m3 in air” and RfC as “an estimate of a continuous
inhalation exposure to the human population that is likely to be without appreciable
risk of deleterious effects during a lifetime”. IUR and RfC values are specific to
chemicals and IUR of benzene and RfC values of BTEX used in this study are
gathered from EPA-IRIS database (URL 21).

3.3.1 Estimation of EC for Cancer Risk

According to RAGS approach (U.S. EPA, 2009), first EC should be estimated.
Estimation of EC for cancer risk characterized by an IUR involves the concentration
of pollutant measured at an exposure point as well as exposure scenario specific
parameters, such as the exposure duration and frequency. Thus, EC is estimated as
follows (U.S. EPA, 2009):
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C_CA><ET><EF><ED

AT (3.3)

where EC is the exposure concentration (pg/m®); CA is the contaminant
concentration in air (ng/m®); ET is the exposure time (hours/day); EF is the exposure
frequency (days/year); ED is the exposure duration (years) and AT is the averaging

time (70 years x 365 days/year x 24 hours/day).

In order to evaluate health risks associated with exposures through inhalation,
receptor specific exposure scenarios need to be used. Various exposure scenarios
include:  residential  receptor, commercial-industrial/occupational  receptor,
construction worker and recreational receptor. These scenarios vary in terms of
exposure duration and exposure frequencies. Thus, alteration of values used in the
related equations occurs (see Equation 3.3) (U.S. EPA, 2009). Since the goal of this
study is to evaluate health risks on workers in paint industry and application related

works, “commercial-industrial/occupational receptor” is selected for evaluations.
3.3.2 Estimation of EC for Non-cancer Risk

The flowchart given in Figure 3.3 can be used in estimating EC for non-cancer health
risks (i.e. HQ values) (U.S. EPA, 2009). Estimation of EC requires three steps:

1. Identification of the duration of the exposure scenario,

2. ldentification of the exposure pattern of the exposure scenario and

3. Determining the scenario-specific EC.
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study (e.g. -8 hid,

Calculate chronic EC & HOQ4
Equation 3.3
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Figure 3.3 Procedure for Deriving Exposure Concentrations and Hazard Quotient

(U.S.EPA, 2009)

Based on the selected path chosen in Figure 3.3, Equation 3.3 (for subchronic or
chronic) is used to estimate EC (U.S. EPA, 2009). Once EC is estimated, Equation
3.2 is used to calculate HQ.

It should be added at this point that, according to the first Risk Assessment Guidance
for Superfund (RAGS, 1989) approach', the inhalation exposure estimate was
typically calculated by using chronic daily “air intake” (mg/kg-day) (see Equation
2.1). This is why past studies have used that equation for risk calculations. However,

The Superfund Program has updated its inhalation risk paradigm to be compatible

! The approach was outlined in RAGS, Part A, developed before U.S. EPA issued the Inhalation
Dosimetry Methodology. This describes the Agency’s refined recommended approach for interpreting
inhalation toxicity studies in laboratory animals or studies of occupational exposures of humans to
airborne chemicals.
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with the Inhalation Dosimetry Methodology, which represents the EPA’s current
methodology for inhalation dosimetry and derivation of inhalation toxicity values. It
is recommended in Chapter 3 of EPA’s Risk Assessment Guidance for Superfund
Volume I: Human Health Evaluation Manual/Part F (2009) that when estimating risk
via inhalation pathway, risk assessor should use the concentration of the chemical in
air as the exposure metric (i.e. mg/m®), rather than inhalation intake of a contaminant
in air based on IR and BW (i.e., mg/kg-day). Thus, the former intake equation
(Equation 2.1) is no longer consistent with the principles of U.S. EPA’s Inhalation
Dosimetry Methodology due to the fact that the amount of the chemical that reaches
the target site is not just a simple function of IR and BW (U.S. EPA, 2009).

In paint production and application actions, it is assumed that employees work with
8-hour shifts in a day. U.S. EPA (2009) declares that a commercial-
industrial/occupational receptor is exposed to pollutants for 5 to 25 years (see Table
3.3.). Thus, in this study, it is assumed that an employee works around 25 years in
this sector. So, the duration of exposure is chosen as “chronic” in the study. Also
average lifetime of an employee is taken as 70 years (Guo, 2004) while the duration
of exposure to chemicals is taken as 25 years in the study (U.S. EPA, 2009).
Additionally, when evaluating cancer risk, the AT is equal to lifetime in years. When
evaluating non-cancer hazard, the AT is equal to EDs for exposure period (U.S. EPA,
2009).

The recommended acceptable cancer risk by EPA is 1x10° (U.S. EPA, 2009). It is
stated in National Oil and Hazardous Substances Pollution Contingency Plan (NCP,
1994) that for known or suspected carcinogens, acceptable exposure levels are
generally the concentration levels that represent lifetime cancer risk to an individual
at the levels ranging between 10 (1 in 10,000) and 10 (1 in 1,000,000). When HlI
exceeds 1, it can be said that there may be a concern of potential non-cancer health
effects (EPA-RAGS, Part A, 1989). In this study, to be on the conservative side,
1x10°® is used as the acceptable cancer risk and 1 is used as the acceptable limit for

non-cancer health risks.
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Different values are suggested by different researchers for the variables used in
cancer and non-cancer risk calculation. A summary of these values is given in Table
3.3 Additionally, values of all the variables used in the risk calculations in this study

are provided in the last column of Table 3.3.

54



Table 3.3 Health Risk Related Variable Values given in Literature and Used in this Study

) Literature EPA . .
Variable Explanation Value Used in this Study
Range Reference Value
ET Exposure Time (h/d) 5-8 Guo, 2004; Lerner, 2012 8? 8
Exposure Frequenc Lerner, 2012; Daengthongdee,
EF P ateney 240, 252, 365 gmong 250 300°°
(dty) 2013; Guo, 2004 (5d/week x 50weeks/y) (6d/week x 50weeks/y)
Exposure  Duration Lerner, 2012; Guo, 2004;
ED 8-25, 40, 25 _ 5-25° o5
v) Tsai, 2001
o A411720(47%365*24), 43800-219000 613200
AT Averaging Time (h) Lerner, 2012; Guo, 2004 (Cancer: 70 y is used °)
613200(70*365*24) (5-25y) 175200
(Non-cancer:25 y is used %)
IUR Inhalation Unit Risk 2.2*10°m%/ g Guo, 2004 2.2*10° m¥/pg® 2.2*10° m¥/ug
RfChenzene Reference Conc. 0.03 mg/m® Huang, 2013 0.03 mg/m*® 0.03 mg/m®
RfCroluene Reference Conc. 0.4 mg/m’ Lerner, 2012 5 mg/m>" 5 mg/m®
RfCetniybenzene | Reference Conc. 0.3 mg/m’ Lerner, 2012 1 mg/m3® 1 mg/m’
RFCyylene Reference Conc. 0.3 mg/m’ Lerner, 2012 0.1 mg/m*® 0.1 mg/m®

4EPA RAGS Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment, 2009).

® EPA IRIS, http://www.epa.gov/IRIS/

° In Turkey, employees work for 6 days/week at the industries in the scope of the study (Labor Law No:4857, 2003).
91 year: 365 days
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CHAPTER 4

RESULTS AND DISCUSSION

The results of the study are presented with respect to two classifications: type of
industry and type of action. BTEX concentrations and associated health risks are

evaluated with respect to these two classifications.

4.1 Evaluations based on the Type of Industry

4.1.1 BTEX Concentrations

Reported BTEX concentrations are given in Table 4.1. ISGUM checks compliance of
a workplace in terms of occupational health via comparing the pollutant
concentrations in the employees’ breathing zone with the legislative limit values set
in the Regulation on Health and Safety Measures for Works Involving Chemical
Substances (RHSMWCS, 2013) and the Regulation on Health and Safety Precautions
on Works Involving Carcinogenic or Mutagenic Agents (RHSPWCMA, 2013) in
Turkey. The total number of samples collected and analyzed is given in the third
column of Table 4.1. In the last column, percentages of the number of samples which
are below RHSMWCS and RHSPWCMA regulatory limits are provided.
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Table 4.1 BTEX Concentrations with respect to the Type of Industry

Min Max Compliance (%o)
TI NW NS Compound 2 s
TWA (mg/m®) TWA (mg/m°) RHSMWCS/RHSPWCMA*

28 Benzene 0.02 4.07 96

60 Toluene 0.05 291.37 93
A 16

58 Ethylbenzene 0.09 64.39 100

60 Xylene 0.41 200.00 100

5 Benzene 0.07 0.45 100
a1 3 10 Toluene 1.32 300.00 80

5 Ethylbenzene 0.58 12.41 100

13 Xylene 2.00 250.00 92

3 Benzene 19.03 19.03 67
8o A 6 Toluene 13.79 976.28 67

3 Ethylbenzene 361.72 361.72 100

6 Xylene 0.39 1,832.13 67
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Table 4.1 BTEX Concentrations with respect to the Type of Industry (continued)

Min Max Compliance (%0)
TI NW NS Compound 2 2
TWA (mg/m°) TWA (mg/m°) RHSMWCS/RHSPWCMA*

20 Benzene 0.07 242.35 80

31 Toluene 0.65 747.66 80
B3 14

30 Ethylbenzene 0.25 251.85 100

31 Xylene 0.03 754.79 80

20 Benzene 0.132 5.92 95

30 Toluene 0.08 656.97 97
C 10

30 Ethylbenzene 0.07 19.06 100

30 Xylene 0.05 67.61 100

4 Benzene 0.226 51.47 75
5 . 13 Toluene 0.50 14.66 100

13 Ethylbenzene 7.28 999.52 85

13 Xylene 36.68 3,232.89 54
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Table 4.1 BTEX Concentrations with respect to the Type of Industry (continued)

- Y - Compound Min Max Compliance (%)
TWA (mg/m®) TWA (mg/m®) RHSMWCS/RHSPWCMA*
10 Benzene Srx Srx SHkk
10 Toluene 4.28 137.52 100
= 3 10 Ethylbenzene 0.23 10.55 100
10 Xylene 0.94 40.08 100
15 Benzene 0.16 13.59 87
32 Toluene 0.33 1,474.31 91
- 10 31 Ethylbenzene 0.08 18.85 100
32 Xylene 0.29 100.00 100

*Limit values of RHSMWCS for Toluene: 192 mg/m®, Ethylbenzene: 442 mg/m®, Xylene: 221 mg/m® & RHSPWCMA for Benzene: 3.25 mg/m?
** Not detected: Measured concentration is lower than the detection limit. So there is no result for that compound in the type of industry.
***Not calculated: Since there is no measurement result in this type of industry, the compliance could not be calculated.

(TI: Type of Industry, NW: Number of Workplace visit times, NS: Number of Samples Analyzed).
(Type A: Paint production; Type B1: Maintenance and repair; Type B2: Maintenance and repair-aircraft; Type B3: Shipyard (Public-owned);
Type C: Automotive painting; Type D: Shipyard (Private); Type E: Furniture painting; Type F: Others-application of paint).



As demonstrated in Table 4.1, more than 90% compliance is achieved for all
compounds (i.e. benzene, toluene, ethylbenzene and xylene) for A (paint production),
C (automotive painting) and F (others-application of paint) type industries. Low
BTEX emission is expected in paint production rather than paint application because
during paint production generally closed containers (i.e. tanks, mixers) are used for
pre-mixing, mixing or paint filling steps of production which minimizes the
emissions of solvents (Sengiil et al., 2003). Thus, high compliance percentages for A
type facilities are reasonable. On the other hand, high compliance at C and F type
facilities might be due to advanced and environmentally friendly technologies used
in these industries. Furthermore, the workplaces under the automotive painting
industry considered in this study are known as the industry leader companies. As
expected, high technology ventilation and automation systems assuring minimum
exposure to employees are used at these workplaces. Thus, workplace conditions and
precautions taken to minimize exposure to indoor BTEX at type C industry should be

taken as good practice in point of BTEX exposure.

For B1 type industry (maintenance and repair-land), 100% compliance is achieved
for benzene and ethylbenzene. Toluene and xylene regulatory limits are exceeded in
20% and 8% of the samples, respectively. However, only 5 to 13 samples are
collected and analyzed from B1 type industries. Furthermore, out of 10 only 2
samples and out of 13 only 1 sample are above the regulatory limits for toluene and
xylene, respectively (see Appendix A). Therefore, more samples are required to be

conclusive about compliance with relevant regulations.

The total number of samples collected from B2 (maintenance and repair-aircraft) (i.e.
3 samples for benzene and ethylbenzene and 6 samples for toluene and xylene) and E
(furniture painting) type industries are also low (i.e. 10 samples for benzene, toluene,
ethylbenzene and xylene) as given in Table 4.1. Only in one of the four samples
benzene concentrations exceed the limit at shipyard industry (type D) however the
number of sample is not sufficient. Thus, to be able to derive general results for these

facilities, more samples need to be collected and analyzed. Again for shipyards
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xylene concentrations are above the regulatory limits in more than half of the
samples collected. When all concentrations of industries are investigated, it has been
seen that painting at private- and public-owned shipyards is problematic with respect
to benzene and xylene emissions. For toluene 100% compliance is achieved only for
private shipyards whereas for public-owned shipyard only ethylbenzene has 100%
compliance. The possible reason for low compliance for the rest of the compounds is
that in shipyard industry, paints without SDS (datasheet of chemical ingredients) of
the chemicals, or solvent based ones which include high levels of VOC are generally
used (interview made by a member of Ministry of Labor and Social Security, 2014).
In order to decrease the BTEX emissions and exposures in the mentioned
problematic industries (i.e. type B3 and type D), rather than solvent based paints,

waterborne paints having less amount of VOC should be used (URL 22).

4.1.2 Health Risks

HRA of chronic BTEX exposure for different industries in which paint is produced
or applied is conducted. Calculated cancer risks and chronic non-cancer risks are
given in Table 4.2 and Table 4.3, respectively. Since only benzene has carcinogenic
effect among BTEX, the cancer risks are only calculated for benzene. In the last
columns of Table 4.2 and Table 4.3, the percentage of samples for which the
carcinogenic health risks are below the acceptable cancer risk of 1x10° (U.S. EPA,
2009) and non-cancer risks are below 1 (U.S. EPA, 2009) are provided, respectively.
Furthermore, for each sampling location HI values (cumulative of HQs) of each

industry are calculated and given in Table 4.4.
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Table 4.2 Cancer Risks for Benzene with respect to the Type of Industry

. Compliance (%)

TI NW NS Min Max _ ]
(Acceptable cancer risk: 10™)

A 16 28 4.35x10° 8.85x10™ 0

B1 3 5 1.48x10° 9.87x10° 0

B2 4 3 4.13x10™ 4.13x10™ 0

B3 14 20 1.59x107 5.27x107 0

C 10 20 2.87x107 1.28%107 0

D 7 4 4.92 x10° 1.20x107 0

E 3 10 _* _* _*%

F 16 15 3.56x107 2.95x10° 0

*Not detected: Since measured concentration is lower than the detection limit, cancer risk could not be calculated.
**Not calculated: Since there is no measurement result in this type of industry, the compliance could not be calculated.

(TI: Type of Industry, NW: Number of Workplace visit times, NS: Number of Samples).

(Type A: Paint production; Type B1: Maintenance and repair; Type B2: Maintenance and repair-aircraft; Type B3: Shipyard (Public-owned);

Type C: Automotive painting; Type D: Shipyard (Private); Type E: Furniture painting; Type F: Others-application of paint).
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Table 4.3 Non-cancer Risks (i.e. HQ values) with respect to the Type of Industry

Compliance (%)

Tl NW NS Compound Min Max )
(Acceptable non-cancer risk: 1)
28 Benzene 0.18 37.19 18
60 Toluene 0.003 15.97 55
A 16
58 Ethylbenzene 0.03 17.64 83
60 Xylene 1.12 547.95 0
5 Benzene 0.62 4.15 60
10 Toluene 0.07 15.12 15
Bl 3
5 Ethylbenzene 0.16 3.40 40
13 Xylene 5.48 684.93 0
3 Benzene 173.82 173.82 0
6 Toluene 0.76 53.49 17
B2 4
3 Ethylbenzene 99.10 99.10 0
6 Xylene 1.07 5,019.54 0
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Table 4.3 Non-cancer Risks (i.e. HQ values) with respect to the Type of Industry (continued)

Compliance (%)

Tl NW NS Compound Min Max )
(Acceptable non-cancer risk: 1)

20 Benzene 0.67 2,213.22 10
31 Toluene 0.04 40.97 55

B3 14
30 Ethylbenzene 0.06 68.99 27
31 Xylene 0.08 2,067.91 5
20 Benzene 121 54.06 0
30 Toluene 0.004 35.99 57

C 10
30 Ethylbenzene 0.02 5.22 30
30 Xylene 0.13 185.24 23
4 Benzene 2.06 470.03 0

. 13 Toluene 0.03 0.80 100

D
13 Ethylbenzene 1.99 273.84 0
13 Xylene 100.49 8,857.25 0
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Table 4.3 Non-cancer Risks (i.e. HQ values) with respect to the Type of Industry (continued)

Tl NW NS Compound Min Max Compliance (3¢)
(Acceptable non-cancer risk: 1)
10 Benzene -* -* Srx
10 Toluene 0.24 7.54 31
E 3 10 Ethylbenzene 0.06 2.89 70
10 Xylene 2.58 109.82 0
15 Benzene 1.49 124.10 0
32 Toluene 0.02 80.78 46
- 10 31 Ethylbenzene 0.02 5.16 48
32 Xylene 0.79 273.97 3

* Not detected: Since measured concentration is lower than the detection limit, non-cancer risk could not be calculated.
**Not calculated: Since there is no measurement result in this type of industry, the compliance could not be calculated.

(TI: Type of Industry, NW: Number of Workplace visit times, NS: Number of Samples).
(Type A: Paint production; Type B1: Maintenance and repair; Type B2: Maintenance and repair-aircraft; Type B3: Shipyard (Public-owned);
Type C: Automotive painting; Type D: Shipyard (Private); Type E: Furniture painting; Type F: Others-application of paint).
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Table 4.4 Cumulative Non-cancer Risks (i.e. HI values) with respect to the Type of Industry

TI NW NS Min Max Compliance (%)
(Acceptable non-cancer risk: 1)
A 16 28 0.02 562.29 3
B1 3 5 6.58 701.37 0
B2 4 3 0.76 5,345.96 17
B3 14 20 0.63 4,350.30 3
C 10 20 0.02 192.24 20
D 7 4 102.57 9,473.84 0
E 3 10 5.74 118.03 0
F 16 15 0.03 374.40 6

(TI: Type of Industry, NW: Number of Workplace visit times, NS: Number of Samples).

(Type A: Paint production; Type B1: Maintenance and repair; Type B2: Maintenance and repair-aircraft; Type B3: Shipyard (Public-owned);

Type C: Automotive painting; Type D: Shipyard (Private); Type E: Furniture painting; Type F: Others-application of paint).




As demonstrated in Table 4.2, even the minimum cancer risk of benzene within all
types of industries considered in this study is above the acceptable cancer risk of
1x10°. Though almost all benzene concentrations of A (paint production), C
(automotive painting) and F type industries (others-application of paint) are
complying with the regulatory limit (see Table 4.1), calculated cancer risks are
higher than the acceptable limit. This result is an indication of the necessity of HRA

rather than concentration based comparisons for decision making and evaluations.

Hazard Indexes calculated via summation of non-cancer risks (Hazard Quotient) of
BTEX exposures are provided in Table 4.3. All His are above the limit value of 1
except in automotive painting (type C). It should be realized that, even if the
concentrations are acceptable with respect to regulatory limits, non-cancer health
risks of BTEX are significant according to the HRA study. For instance, for
automotive painting; although more than 95% compliance is achieved for all
compounds (i.e. benzene, toluene, ethylbenzene and xylene) (see Table 4.1); only
20% of the samples comply with the non-cancer limit. B1 (maintenance and repair),
B2 (maintenance and repair-aircraft), D (shipyard-private) and E (furniture painting)
types of industries generates similar results. Additionally, as mentioned before, since
few samples are collected from B1, B2, D and E type of industries, the results may
not reflect the general situation. Thus, in order to derive general conclusions from the

HRA study more samples need to be collected.

This analysis showed that compliance comparisons based on health risks and
concentration based comparisons produce different results. Although compliance of
concentration based comparison is high, health risks of BTEX exposure at given
concentrations state significantly low compliance. This means that concentration
based comparison as given in RHSMWCS and RHSPWCMA may not be sufficient
in terms of providing a healthy work place if it is not supported with HRA,; therefore,
decision makers should conduct HRA as well. Moreover, the regulatory limits stated
in RHSMWCS and RHSPWCMA may need revision.
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4.2 Evaluations based on the Type of Action

4.2.1 BTEX Concentrations

Reported BTEX concentrations according to type of action (paint production and

paint application) are compiled from the data set and given in Table 4.5.
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Table 4.5 BTEX Concentrations with respect to the Type of Action

Min Max Compliance (%)
TA NW NS Compound 5 5
TWA (mg/m°) TWA (mg/m°) | RHSMWCS/RHSPWCMA*
5 Benzene 0.25 0.97 100
Paint
17 Toluene 0.44 200.00 94
Production/ 10
15 Ethylbenzene 0.03 30.59 100
Pre-Process
17 Xylene 1.70 200.00 100
23 Benzene 0.02 4,07 96
Paint
50 Toluene 0.05 291.37 94
Production/ 16
50 Ethylbenzene 0.09 195.57 100
Process
50 Xylene 0.41 654.21 94




T.

Table 4.5 BTEX Concentrations with respect to the Type of Action (continued)

Min Max Compliance (%)
TA NW NS Compound 5 5
TWA (mg/m®) | TWA (mg/m°®) | RHSMWCS/RHSPWCMA*
10 Benzene 0.07 5.92 90
Application/
PP 15 Toluene 0.33 139.83 100
Paint 12
] 14 Ethylbenzene 0.57 30.64 100
Preparation
17 Xylene 3.68 100.00 100
58 Benzene 0.07 242.35 86
Application/
PP 110 Toluene 0.08 2,760.00 86
Paint 50
o 101 Ethylbenzene 0.07 999.52 98
Application
111 Xylene 0.03 3,232.89 87

*Limit values of RHSMWCS for Toluene: 192 mg/m®, Ethylbenzene: 442 mg/m®, Xylene:
(TA: Type of Action, NW: Number of Workplace visit times, NS: Number of Samples).

221 mg/m* & RHSPWCMA for Benzene: 3.25 mg/m®




As demonstrated in Table 4.5, nearly 100% compliance is achieved for all
compounds (i.e. benzene, toluene, ethylbenzene and xylene) at paint production. For
paint preparation step of application, all compounds except benzene which was
analyzed in fewer samples compared to other compounds, fully complied with the
regulatory limits. Thus, to be able to derive general results for benzene, number of
workplaces visited and samples collected should be increased. On the other hand, for
paint application step, lower compliance is achieved compared to paint preperation
although number of samples (i.e. 58, 110, 101 and 110 for benzene, toluene,

ethylbenzene and xylene, respectively) are considerably more than paint preparation.

According to the results, BTEX concentrations measured for paint application
process are higher than paint production process. Employees working at paint
application areas are exposed to BTEX compounds more than paint production
employees. The possible reason for this condition is that production is usually carried
out in enclosed equipment such as tanks or mixers so the evaporation of the solvents
is minimized (McCann, 2011). Furthermore, due to the nature of the work,
employees directly work with paint during paint application and paint can be ejected
into the environment which results in higher exposure to BTEX.

Results indicate that taking precautions against BTEX emissions and exposure,
thereby improvement of IAQ in paint application workplaces should be among the
priorities. Adequate ventilation rates, high technology painting systems (i.e. painting
in cabinets with ventilation) and proper use of PPE are considered as the mentioned
crucial precautions (U.S. Army Public Health Command, 2012). Reducing work
hours spent on paint application, trainings of employees, monitoring IAQ and
exposures periodically could help to minimize adverse health effects of BTEX

exposure, as well.
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4.2.2 Health Risks

Cancer risks and chronic non-cancer risks calculated according to type of action are
given in Table 4.6 and Table 4.7, respectively. In the last column of Table 4.6 and
Table 4.7, the percentage of samples for which the health risks are below the
acceptable cancer risk of 1x10° and non-cancer risk of 1 are provided, respectively.
Furthermore, for each sampling location HI values (cumulative of HQs) of each

industry are calculated and given in Table 4.8.
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Table 4.6 Cancer Risks with respect to the Type of Action

VL

TA ) Compliance (%)
NW NS Min Max ) 6
(Acceptable cancer risk: 10™)
Paint Production/ 5 .
10 5 5.44x10° 2.10x10° 0
Pre-Process
Paint Production/ . .
16 23 4.35%10° 8.85x10° 0
Process
Application/
_ PP _ 12 10 1.48x10° 1.29x10° 0
Paint Preparation
Application/
_ PP o 50 58 1.59x10° 5.26x107 0
Paint Application

(TA: Type of Action, NW: Number of Workplace visit times, NS: Number of Samples).
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Table 4.7 Non-cancer Risks (i.e. HQ values) with respect to the Type of Action

Compliance (%)

TA NW NS Compound Min Max )
(Acceptable non-cancer risk: 1)
5 Benzene 2.28 8.85 0
Paint
17 Toluene 0.02 10.96 65
Production/ 10
15 Ethylbenzene 0.00 8.38 53
Pre-Process
17 Xylene 4.67 547.95 0
23 Benzene 0.18 37.19 22
Paint
50 Toluene 0.003 15.97 32
Production/ 16
50 Ethylbenzene 0.03 53.58 62
Process
50 Xylene 1.12 1,792.36 0
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Table 4.7 Non-cancer Risks (i.e. HQ values) with respect to the Type of Action (continued)

) Compliance (%)
TA NW NS Compound Min Max ]
(Acceptable non-cancer risk: 1)
10 Benzene 0.62 54.06 10
Application/
15 Toluene 0.02 7.66 53
Paint 12
) 14 Ethylbenzene 0.043 8.39 57
Preparation
17 Xylene 10.08 273.97 0
58 Benzene 0.67 2,213.22 3
Application/
110 Toluene 0.004 151.23 49
Paint 50
L 101 Ethylbenzene 0.02 273.84 39
Application
111 Xylene 0.08 8,857.25 7

(TA: Type of Action, NW: Number of Workplace visit times, NS: Number of Samples).
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Table 4.8 Cumulative Non-cancer Risks (i.e. HI values) with respect to the Type of Action

TA

Compliance (%)

NW NS Min Max )
(Acceptable non-cancer risk: 1)
Paint Production/
10 5 4,99 558.90 0
Pre-Process
Paint Production/
16 23 0.02 1,846.02 4
Process
Application/
] ) 12 10 10.26 279.45 0
Paint Preparation
Application/
50 58 0.02 9,473.84 9

Paint Application

(TA: Type of Action, NW: Number of Workplace visit times, NS: Number of Samples).




As demonstrated in Table 4.6, calculated cancer risks for benzene for all types of
actions exceed the acceptable cancer risk level of 1x10°. Although 100% and more
than 85% compliance are achieved in BTEX concentrations at paint production and
paint application with regard to legislative limits, the high non-compliance levels for
cancer risks proves that HRA studies provide useful information for decision
making. It should be noted that the lower numbers of workplaces visited may be a
drawback for evaluations of pre-process and process activities under paint
production. More samples should be collected and analyzed to be able to derive
general conclusions. Results provided in this study are restricted by the facilities and
the number of samples considered.

It can be seen from Table 4.7 that there are significant differences between minimum
and maximum non-cancer risks of xylene exposures at paint production/process and
application/paint application actions. However, there are few high concentrations
making both maximum concentrations and non-cancer health risks extremely high.
For instance, maximum Xylene concentration at application/paint application (see
Table 4.5) is more than 3,000 mg/m® where minimum concentration is 0.03 mg/m®.
When Table A.47 in Appendix A, where the distributions of measured concentrations
at all type of industries and type of action considered in this study are given, is
investigated, it is seen that out of 111 there are only 4 samples measured as that high
(i.e. more than 1000 mg/m®). Using high VOC paints or paint application (i.e.
spraying) in a cabinet which does not have water curtain could cause these high

concentrations.

According to Table 4.7, almost all HIs exceed the non-cancer risk limit of 1. This is
also another indication that although concentrations comply with the legislative
limits, adverse health effects can be observed. Therefore, HRA clearly helps to

evaluate the indoor air pollutant concentrations.
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Evaluations conducted based on types of industries and activities conducted in paint
production and application revealed that health risks evaluations rather than
concentration based comparisons with respect to current legislative limits may be
more reasonable for decision making on evaluation and improvement of 1AQ (i.e.
efficiency of ventilation system, PPE type selection etc.) and minimization of human
exposures, as well. Since HRA take the cancer and non-cancer health risks of
exposure into account, it is a more rational comparison mechanism when health of
workers is considered. U.S. EPA (2014) declares that RA has led to decisions
protecting human health and the environment from a range of threats. HRA is based
on exposure scenarios that are consistent with the context, frequency, duration and

pathway of exposures.

U.S. EPA uses RA as a key source of scientific information for evaluating risks and
related outcomes associated with possible risk management options, and ultimately,
informing the process of making sound decisions about managing risks to human
health and the environment (U.S. EPA, 2014). In brief, HRA studies encourage the
consideration of innovative technology and concepts in the still developing area of

sustainability in environmental decision making.

Compliance of BTEX concentrations and HRA with respect to legislative and
acceptable limits, respectively are significantly different from each other. Therefore,
in the following sections, cancer and non-cancer risks of exposure to legislative
limits and BTEX concentrations supplying acceptable cancer and non-cancer risks

are provided (see Chapter 4.3 and Chapter 4.4, respectively).
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4.3 Evaluation of Cancer and Non-Cancer Risks associated with Concentration
Limits given in Relevant Regulations

First cancer and non-cancer risks associated with the current regulatory limit
concentrations given in both national and international legislations are calculated

given in Table 4.9 and Table 4.10, respectively.

Table 4.9 Cancer Risks Associated with Current Regulatory Limit Concentrations

_ Limit Value (mg/m°) _
Regulations Cancer Risk
Benzene
RHSPWCMA* 3.25 7.10x10™
OSHA (TWA) 3.19 6.94x10"
NIOSH (TWA) 0.32 6.96x10"

*Regulation on Health and Safety Precautions on Works with Carcinogenic or Mutagenic
Agents

According to Table 4.9, limit values for benzene provided in the Turkish legislation
(RHSPWCMA, 2013), OSHA and NIOSH limits result in significantly higher cancer
risks than the acceptable cancer risk of 1x10°. Thus, even if the legislative
concentration limits are met; cancer risk higher than commonly accepted levels are
due to inhalation of indoor contaminants. Acceptable cancer risk of 1x10° is a
legislative choice; other values might be set as the limit value by the government.

However, it is the threshold adopted in the regulation for the control of sites
contaminated with point sources and soil pollution control (Regulation on Soil
Pollution Control and Sites Contaminated with Point Sources, Appendix 1, 2010).
Besides risk values given in Table 4.9 are higher than 1x10™ - another commonly
used acceptable value for cancer risk - as well. These results indicate that the current
limit values provided in RHSPWCMA, OSHA and NIOSH should be reevaluated.
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An HRA based approach and acceptable limits based on cancer and non-cancer

health risks need to be adapted in relevant regulations.

All HQs associated with current BTEX limits are above the acceptable limit of 1
when chronic non-cancer risks are taken into account (see Table 4.10). Thus,
employees working at workplaces in which BTEX concentrations are at the limit
values set in RHSPWCMA, OSHA or NIOSH may have non-cancer health problems.
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Table 4.10 Non-cancer Risks (i.e. HQ values) Associated with Regulatory Limit VValues

Regulations Limit Value (mg/m°) Non-cancer Risk
Benzene | Toluene | Ethylbenzene | Xylene Benzene Toluene | Ethylbenzene | Xylene
RHSMWCS* - 192 442 221 - 10.52 121.10 605.48
RHSPWCMA** 3.25 - - - 29.68 - - -
OSHA (TWA) 3.19 754 435 435 29.13 41.32 118.90 1,189.04
NIOSH (TWA) 0.32 375 435 435 2.93 20.55 118.90 1,189.04

*Regulation on Health and Safety Measures for Works with Chemical Substances

**Regulation on Health and Safety Precautions on Works with Carcinogenic or Mutagenic Agents
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4.4 Suggested Limit Concentrations

Evaluation of current BTEX regulatory concentration limits based on cancer and
non-cancer health risks suggests the need for lowering the limits in order to provide
better indoor air quality and reduce health risks to employees at workplaces where
paint is produced or applied. Since benzene causes both cancer and non-cancer health
risks, two different concentration values are estimated for benzene. Benzene
concentration which will result in an acceptable cancer risk of 1x107° is calculated
and provided in Table 4.11. BTEX compounds concentration values which will result

in acceptable non-cancer health effects are calculated and given in Table 4.12.

If the concentration limit is reduced in comparison to current limit value, then
additional precautions can be enforced to provide better IAQ in terms of protecting
human health. It is demonstrated that the benzene concentration providing the
acceptable cancer risk is 0.0046 mg/m? (Table 4.11). This is significantly lower than
the current limit values which are 3.25 mg/m® and 3.19 mg/m® in RHSPWCMA and
OSHA, respectively. Reduction in the current regulatory limit value may be
beneficial for the health of workers. During decision making, HRA should be
conducted as well as the concentration based comparison through regulatory limits,

since current limits may not be sufficiently protective in regard to human health.

Table 4.11 Concentration Providing the Acceptable Cancer Risk

Acceptable Cancer C ; idina th
Compound oncentration Providing the RHSPWCMA
P Risk Acceptable Cancer Risk SPWC
Benzene 1x10° 0.0046 mg/m’ 3.25 mg/m®
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EPA IRIS has calculated the air concentrations at specified risk levels for cancer risk
(URL 22). According to this, exposure concentration (EC) that meets an acceptable
cancer risk of 1x10°® is founded as 0.45 pg/m®. This EC is founded via dividing the
acceptable cancer risk to IUR of benzene which is 2.2x10° m®pg. This value is
exactly same as founded in this study. However, the safe amount of contaminant
concentration in the air (CA) to which an employee is exposed in the workplace
indoor air that would be causing acceptable cancer risk should be calculated. For this
reason, cancer risk scenario used in this study (i.e. 8 hours shift, work for 300 days in
a year and work for 25 years in the sector and having 70 years lifetime) is integrated
into EC. Therefore, due to the assumed scenario conditions, CA which provides the
EC of acceptable cancer risk ( 4.6 ug/m°) is 3 orders of magnitudes lower than the
current limit value (3.25 mg/m®). In case it may not be lower the concentrations
indoor to the given value, at least shift hours can be lowered, fewer workdays can be
employed in a year, or even early retirement or frequent work alteration for

employees of the paint industry can be suggested to reduce the impact of exposure.

Table 4.12 Concentrations Providing the Acceptable Non-cancer Risk

Acceptable Concentration Providing RHSMWCS/
Compound ) )
Non-cancer Risk the Non-cancer Risk RHSPWCMA
Benzene 1 0.11 mg/m® 3.25 mg/m®
Toluene 1 18.25 mg/m’ 192 mg/m®
Ethylbenzene 1 3.65 mg/m® 442 mg/m®
Xylene 1 0.36 mg/m’ 221 mg/m®
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BTEX concentrations calculated to provide acceptable non-cancer risks are given in
Table 4.12. It is clearly demonstrated that suggested concentrations providing the
acceptable threshold value are considerably lower than the legislative limit values.
This is another indication of the potential need for re-evaluation of the limits set in

relevant regulations.

In this study, there is no measurement result that is below the suggested limit
concentrations and there is no cancer and non-cancer risk below the acceptable limit

values, as well).

Two different limit benzene concentrations providing acceptable cancer and non-
cancer risks are calculated. Since benzene is controlled under RHSPWCMA in
Turkey, the new concentration providing the acceptable cancer risk (see Table 4.11)
should be adapted in this Regulation.

4.5 Suggested Measures

The difference between current exposure limit concentrations and the calculated
concentrations that will result in acceptable cancer and non-cancer risks (based on
the scenario considered in this study) are highly different from each other.
Furthermore, compliance levels according to acceptable cancer and non-cancer risk
values are low for BTEX exposures at considered paint industries and paint
application/production actions. In order to decrease these exposures BTEX emissions
especially in paint application industries should be lowered. For this purpose, the
Best Available Techniques (BAT) Reference Documents (BREF) suggested by

European Commission, Joint Research Centre can be used as guiding document.
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The main objectives of BREFs are to define applied techniques, emissions amounts
and consumption levels, and techniques considered for the determination of BAT
conclusions within a particular sector. Furthermore, BREFs aim to reflect accurately
the exchange of information which has taken place and to provide reference
information for regulators to take into account when determining permit conditions.

A series of BREFs are published. Each of them focuses on a specific industry.

A specific BREF on the painting industry has not yet been implemented at the EU
level. However, existing BREFs on chemical industry can give some general
indication on valid measures that can be implemented, based on filtration systems

and water and energy saving techniques (Grimaldi and Benedetti, 2010).

The BREF entitled as the “Surface Treatment Using Organic Solvents” (2007)
reflects an information exchange on the objective of installations for the surface
treatment of substances, objects or products using organic solvents (i.e. for dressing,
printing, coating, waterproofing, sizing, painting or cleaning). This BREF is the most
relevant document giving information on BAT of painting activities as mentioned

above.

Water soluble paints as an alternative to solvent based ones is discussed in the
document. The emission of solvents to air, water and groundwater, and soil are the
main environmental issues mentioned. However, manufacture of paints, inks,
adhesives, etc., which are not within the scope have not been considered in the

document.

Solvent based paints are commonly applied in: the automotive industry, coating of
trucks and commercial vehicles, coating of buses or trains, ships and yachts, aircraft
metal packaging, furniture and wood materials sectors (BREF-Surface Treatment
Using Organic Solvents, 2007). Recommended technologies as BAT in the document

for painting (i.e. shipyard, aircraft etc.) are:
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» Reducing solvent emissions by substitution of high VOC paints by high-
solids or waterborne paints,

» Capturing and treating waste gases during paint application on components
via extracting air from enclosed areas where painting (i.e. spraying) is carried
out and using appropriate waste gas treatment techniques (i.e. good
ventilation technologies),

» Reducing overspray and increasing application efficiency by a combination
of techniques (i.e. the use of nets or water curtains),

» Enclosing main solvent using or painting areas,

» For new constructions, spray sections prior to assembly in enclosed areas

with waste gas extraction and treatment techniques.

It has mentioned in Chapter 2 that spray painting is mostly performed during paint
application in Turkey. Although “spraying carried out in closed cabinets” is known
as the most basic and urgent precaution and sufficient, in all cases, the use of a
further water curtain which capture water-paint mixture and treated in a reservoir
below the spray booth is absolutely necessary (BREF-Surface Treatment Using
Organic Solvents, 2007).

With the EU harmonization process, industries have started to change their
technologies and policies in parallel with BATs which aid to minimize pollutants
release to environment and decrease the adverse effects on both human and
ecological health. Most paint manufacturers have developed waterborne paints
having low VOC amounts to comply with the regulatory limits. Furthermore,
automotive industry companies, which have OSH and environmental quality
standards and policies on their own, have the approach of considering and adopting
BATS to their investments. According to the interview conducted with one of the
OSH expert of type C industry workplace, it is noted that since these workplaces
generally use acrobat ventilation with high flow rate of suction (i.e. mobile

ventilation systems which allows focusing on directly the point where painting is
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done), the VOC concentration in the workplace air, so personal exposure is low.
Furthermore, since in automotive painting, small pieces like door hander, hoods or
fenders are painted, closed paint cabinets and water curtains are generally used in the
sector as BAT to decrease the VOC emissions. Therefore, BTEX emissions related
with the mentioned sector almost comply with the limits (see Table 4.1).

According to interviews conducted with the OSH experts of workplaces of type B2
(maintenance and repair-air craft) and type B3 (shipyard, public-owned) (i.e.
industries at which BTX emissions are comparatively higher than other industries), it
Is noted that there are some main reasons causing the high concentrations of VOC in
these industries. Using low VOC paints and installing good ventilation in the
workplace are the recommended technologies in BAT. OSH expert of the company
said that, since using low VOC paint changes the quality of final product (i.e.
brightness and durability etc.); clients prefer the use of solvent based paints.
Additionally, low VOC paints are expensive than solvent based paints, which makes
using solvent based ones more convenient. Therefore, BTEX concentrations in these

industries and also exposures are higher and some precautions should be taken.

It has been noted in the field study that due to bureaucracy of public-owned
institutions, changing the current systems (i.e. ventilation technology, design of the
workplaces) is difficult. In terms of ventilation technologies, the OSH expert
mentioned that the suction flow rate of the ventilation system is not enough to
decrease VOC concentrations. Furthermore, changing the system with a new
technology (i.e. ventilation which supplies fresh air from top and sucks the polluted
air from bottom) is not a feasible solution in terms of both economical and
ergonomic reasons. It is not ergonomically feasible because current workplaces of
the industry have been built so many years ago and the design of the workplaces does
not allow installing a new ventilation technology. According to the cost analysis
done during the exploration, the expert stated that, a high technology ventilation
system requires around 60.000 Turkish Liras, which can be considered as high

88



amount for workplaces of mentioned industries (i.e. public-owned maintenance and

repair and shipyard workplaces).

According to another conversation done by the OSH expert of a workplace under
type D industry (shipyard-private sector), paint application in a closed system like
paint cabinets is not feasible for shipyards with respect to applicability. The reason is
that large pieces even entirely ships are painted in these workplaces. This situation
makes cabinet usage which is especially suitable for small pieces painting impossible
for this industry. Furthermore, she stated that again due to the first design conditions
of the workplaces, paint houses are so small and inappropriate to install good

ventilation technologies and water curtains.

Recommended BAT especially for paint application could be summarized as: use of
low VOC paints, installing better ventilation technologies, painting in closed cabinets
and installing water curtains into these cabinets. Number of possible BAT that could
be applied to the industries of this study with respect to BTEX emissions is given in
Table 4.13. As can be seen from Table 4.13, type A has already applied 2 of the
recommendations which are good ventilation and closed system works. However
type B workplaces only use low VOC paint as better housekeeping while type F
industry has closed cabinets without water curtain. Type C workplaces are good
examples with respect to BAT since all recommended technologies have been
already applied. For type E workplaces, only use of water curtains is need to be
applied as further BAT.

Technically feasible recommendations and related benefits can be seen in Table 4.14.
According to Table 4.14, installing better ventilation systems (i.e. supplying more
fresh air with higher flow rate and sucking the polluted air with higher flow rate) and
using low VOC paints instead of solvent based paints during paint application are the
mostly recommended available technologies for the mentioned industries. However,

painting in closed cabinets with water curtains are not technically feasible as
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mentioned above. The main benefit of adapting the recommendations is decreasing

the BTEX emissions originating from painting and thus decreasing the exposure to

these chemicals and related adverse health effects.

Table 4.13 Number of Possible BAT that can be Applied in the Selected Industries

Type of Industry

Already applied

Can be applied

Technically not

feasible
Type A 2 - -
Type Bl 1 1 2
Type B2 - 2 2
Type B3 - 2 2
Type C 4 - -
Type D - 2 2
Type E 3 1 -
Type F 1 2 1

(Type A: Paint production; Type B1: Maintenance and repair; Type B2: Maintenance and
repair-aircraft; Type B3: Shipyard (Public-owned); Type C: Automotive painting; Type D:
Shipyard (Private); Type E: Furniture painting; Type F: Others-application of paint).
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Table 4.14 Technically Feasible Recommendations and Related Benefits

Type of Industry Recommendations Benefits
Type A - -
Type B1 Better ventilation technology BTEX emission reduction
Better ventilation technology BTEX emission reduction
Type B2 _ — .
Use of low VOC paints BTEX emission reduction
Better ventilation technology BTEX emission reduction
Type B3 : — _
Use of low VOC paints BTEX emission reduction
Type C - -
Tvoe D Better ventilation technology BTEX emission reduction
ype - — -
Use of low VOC paints BTEX emission reduction
Type E Use of water curtains BTEX emission reduction
Better ventilation technology BTEX emission reduction
Type F

Use of low VOC paints

BTEX emission reduction
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CHAPTER 5

CONCLUSIONS & RECOMMENDATIONS

All four compounds of BTEX, which cause poor IAQ, at selected industries/facilities
producing and/or applying paint are evaluated based on human health risks through
inhalation with the methodology suggested by U.S. EPA. The BTEX measurements
at selected industries measured between 2006 and 2013 are evaluated for potential
cancer and non-cancer health risks in addition to the current approach of comparing
the concentrations with the legislative limit values. BTEX concentrations (mg/m?®)
and associated health risks are evaluated with respect to two classifications: type of

industries and type of actions.

Main conclusions of the study are summarized as follows:

1. Compliance of measured BTEX concentrations at indoor workplaces with
legislative limits versus compliance of HRA results and acceptable cancer and non-
cancer risks are different from each other. Although compliance of concentration
based comparison is high, health risks of BTEX exposure have significantly low
compliance with health risk limits. This means that concentration based comparisons
might be misleading in terms of cancer and non-cancer health risks.

2. Since there is no specific industrial IAQ legislation in Turkey, a regulation which

provides acceptable emission limit values of 1AQ disruptive chemicals based on
HRA approach should be published. This regulation should include all industries.
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3. Considering type of industry, number of workplaces visited and thereby number
of samples collected at type B1 (maintenance and repair), type B2 (maintenance and
repair-aircraft), type D (shipyard-private) and type E (furniture painting) industries
are not sufficient to derive general conclusions. More data need to be collected.

4. BTEX concentrations measured at paint application process are higher than paint
production process. The reason for this condition is that production is usually
performed in enclosed equipment (i.e. tanks or mixers) so the evaporation of the
solvents is minimized at paint production so emission of pollutants and exposures are

limited.

5. Considering type of action, number of samples and workplaces visited at paint
production workplaces are limited to make a general conclusion. More data need to
be collected.

6. Concentrations corresponding to acceptable cancer and non-cancer risks (1x10-6
and 1, respectively) are lower than the current legislative concentration limits. Thus,
the legislative limit values should be reevaluated.

7. HRA is a scenario based approach (i.e. exposure pathways, duration and
frequency of exposure) with respect to chemical exposures. It takes into account
cancer and non-cancer health risks of exposures by these scenarios. So, it is a more
rational comparison mechanism than comparing the measured concentrations with
fixed legislative limits. Thus, HRA based comparisons will provide more

information about the safety of workers.
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The recommendations for future studies are as follows:

1. One of the limitations of this study is limited number of workplaces visited and
number of samples collected. In order to derive general results, further study should
be conducted with more samples and more workplaces especially on maintenance
and repair, shipyard and furniture painting industries and paint production facilities

as well.

2. The study is conducted using only concentrations of BTEX obtained from
measurements conducted at workplaces. Impact of factors such as ventilation
technologies, automation systems, protective measures used in the workplaces should
be evaluated simultaneously and measures to reduce potential health problems

should be developed.

3. Since there is no industrial IAQ regulation that controls the indoor BTEX
concentrations especially at paint industry workplaces, if such a regulation published
in the future, it is recommended to perform a further HRA study in accordance with

the new regulation.

4. Workplaces visited at type C industry (automotive painting) and paint production
actions are known as the industry leader companies so the compliance of
concentrations are high at these workplaces. To identify technology related
advantages, a more detailed study need to be carried out. Extensive data from high
technology facilities and SMEs need to be collected to compare exposures and

related inhalation health risks at these different types of workplaces.

5. A further study is highly recommended in order to see the impact of appropriate

PPE use on BTEX exposures and related health effects.
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APPENDIX

A. FREQUENCY DISTRIBUTIONS WITH RESPECT TO THE TYPE OF
INDUSTRIES AND TYPE OF ACTIONS
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