
Phthalates
On the issue of sources, human uptake, 
time trends and health effects

Huan ShuPhilosophically, we all 
have a responsibility 
to protect future generations
from dangerous chemicals

Phthalates. Human health depends on a well-functioning endocrine system 
to regulate hormone release for normal bodily functions. Endocrine disrupting 
chemicals (EDCs) constitutes a group of chemicals, included in many commonly 
used products, (e.g., PVC flooring), with properties proven or suspected to 
interact with the natural hormone system in humans and animals.

One type of widely concerning EDC is phthalates. Since phthalates create 
weak chemical bonds when they are added into different products, they readily 
leach into the surrounding environment. Phthalate metabolites can therefore be 
frequently measured in human biological samples. Major public health concerns 
regarding EDCs over the past three decades have focused on phthalates resulting 
in implementation of regulations.

The thesis shows that PVC flooring in the home is a source for human uptake of 
phthalates, that replacement of phthalates in soft PVC products have an impact 
on human uptake of these chemicals, and that exposure for phthalates in early 
life increase the risk for airway disorders in children. This means that regulation 
and consumers’ product choices can lead to changes in uptake of EDCs of 
importance for human health. Philosophically, we all have a responsibility 
to protect future generations from dangerous chemicals.

Huan Shu
Phthalates

On the issue of sources, hum
an uptake, 

tim
e trends and health effects



Huan Shu

H
uan Shu   |   Phthalates - O

n the issue of sources, hum
an uptake, tim

e trends and health effects   |   2017:30

Phthalates
On the issue of sources, human uptake,
time trends and health effects

Human health depends on a well-functioning endocrine system to regulate hormone 
release for normal bodily functions. Endocrine disrupting chemicals (EDCs) constitutes 
a group of chemicals, included in many commonly used products, (e.g., PVC flooring), 
with properties proven or suspected to interact with the natural hormone system in 
humans and animals.

One type of widely concerning EDC is phthalates. Since phthalates create weak 
chemical bonds when they are added into different products, they readily leach into the 
surrounding environment. Phthalate metabolites can therefore be frequently measured in 
human biological samples. Major public health concerns regarding EDCs over the past 
three decades have focused on phthalates resulting in implementation of regulations.

The thesis shows that PVC flooring in the home is a source for human uptake of phthalates, 
that replacement of phthalates in soft PVC products have an impact on human uptake of 
these chemicals, and that exposure for phthalates in early life increase the risk for airway 
disorders in children. This means that regulation and consumers’ product choices can 
lead to changes in uptake of EDCs of importance for human health. Philosophically, we 
all have a responsibility to protect future generations from dangerous chemicals.

DOCTORAL THESIS   |   Karlstad University Studies   |   2017:30

Faculty of Health, Science and Technology 

Public Health Science

DOCTORAL THESIS   |   Karlstad University Studies   |   2017:30

ISSN 1403-8099

ISBN 978-91-7063-902-9

ISBN 978-91-7063-806-0



DOCTORAL THESIS   |   Karlstad University Studies   |   2017:30

Phthalates
On the issue of sources, human uptake, 
time trends and health effects

Huan Shu



Print: Universitetstryckeriet, Karlstad 2017

Distribution:
Karlstad University  
Faculty of Health, Science and Technology 
Department of Health Sciences
SE-651 88 Karlstad, Sweden
+46 54 700 10 00

© The author

ISSN 1403-8099

urn:nbn:se:kau:diva-62637

Karlstad University Studies   |   2017:30

DOCTORAL THESIS 

Huan Shu

Phthalates - On the issue of sources, human uptake, time trends and health effects

WWW.KAU.SE

ISBN 978-91-7063-902-9 (PDF)

ISBN 978-91-7063-806-0 (Print)



1 

 

 

Dedication 

 

 

 

 

 

 

 

 

This thesis is dedicated to the memory of our beloved Professor  

 

 

Bo AG Jönsson (1960/02/04 – 2016/11/24) 

 

 

  



2 

 

 

Abstract 

Human health depends on a well-functioning endocrine system to 

regulate hormone release for normal bodily functions. Endocrine 

disrupting chemicals (EDCs) constitutes a group of chemicals, included 

in many commonly used products, (e.g., PVC flooring), with properties 

proven or suspected to interact with the natural hormone system in 

humans and animals. EDCs are manmade compounds (there are also 

natural compounds with such properties) that can bind to cell receptors 

and mimic or block the functions of natural hormones potentially 

resulting in adverse human health effects.  

One type of widely concerning EDC is phthalates. Since phthalates 

create weak chemical bonds when they are added into different 

products, they readily leach into the surrounding environment. 

Phthalate metabolites can therefore be frequently measured in human 

biological samples. Major public health concerns regarding EDCs over 

the past three decades have focused on phthalates. According to the 

World Health Organization, EDCs are suspected to be associated with 

altered reproductive function in males and females, increased 

incidence of breast cancer, abnormal growth patterns and 

neurodevelopmental delays in children, as well as changes in immune 

function.  

The thesis shows that PVC flooring in the home is a source for human 

uptake of phthalates, that replacement of phthalates in soft PVC 

products have an impact on human uptake of these chemicals, and that 

exposure for phthalates in early life increase the risk for airway 

disorders in children.  

As we have shown, ongoing regulations on phthalates is of importance 

for human uptake. Ultimately, individuals can make small changes in 

their consumer product choices that can lead to changes in uptake of 

chemicals with endocrine disrupting properties. Philosophically, we all 

have a responsibility to protect future generations from dangerous 

chemicals.  
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Preface 

Encouraged by advertisements promising clear pores and “no more 

blackheads”, many of us have stocked up on beauty products that will, 

we hope, help us scrub our way to clear skin. Don’t we all have our 

favorite pick-me-up scent, which we all hope will draw admiration from 

friends, colleagues, and passersby on the street? Each day, from the 

coffee pod in the morning and the rubber duckies our children play 

with in the bathtub at night, to the non-stick frying cookware fresh out 

of the dishwasher and the durable vinyl floors we stand on; we are using 

products that have one thing in common. Whether we realize it or not, 

these common household products contain chemicals that make them 

easy to transport, make them soft and easy to clean, make fragrance 

last longer, lotion easier to absorb into our skin and colorful, non-

breakable toys for kids. However, and in addition, these chemicals may 

also be toxic and therefore of importance for human health and 

development. About 10 years ago, an amazing co-operative working 

experience with Canadian Healthy Infant Longitudinal Development 

(CHILD) study brought me into this interesting field. The current 

thesis is a continuation of the research on the effects of phthalate 

exposure on children.  

 



6 

 

 

  

LIST OF PAPERS 

This thesis is based on the following original publications, referred to 
in the text by roman numerals (I-IV): 
 

I. Shu H, Jonsson BA, Larsson M, Nanberg E, Bornehag CG., 

PVC flooring at home and development of asthma among 

young children in sweden, a 10-year follow-up.  

 

Indoor air 2013: 24:227-235. 

 

II. Shu, H., Jönsson, B. A., Lindh, H., Nånberg, E. and Bornehag, 

C.-G., PVC flooring at home and uptake of phthalates in 

pregnant women in the Swedish SELMA study. 
 

In manuscript 

 

III. Shu, H., Jönsson, B. A., Genning, C., Svensson, Å., Nånberg, 

E., Lindh, C., Knutz, M., Takaro, T. and Bornehag, C.-G., 

Temporal Trends in Phthalate Exposures in Swedish 

Pregnant Women.  
 

Journal of exposure science and environmental 

epidemiology (submitted) 

 

IV. Shu, H., Wikström, S., Jönsson, B. A., Svensson, Å., Nånberg, 

E. and Bornehag, C.-G., Prenatal Phthalates Exposure and the 

Association to Infants Croup in the Swedish SELMA Study.  

 

Acta Paediatrica (submitted) 

  



7 

 

 

ABBREVIATIONS 

 Butyl-benzyl phthalate (BBzP) 

 Di-2-propylheptyl phthalate (DPHP) 

 Di-butyl phthalate (DBP) 

 Di-ethyl phthalate (DEP) 

 Di-ethyl-hexyl phthalate (DEHP) 

 Di-iso-decyl phthalate (DIDP) 

 Di-iso-nonyl phthalate (DINP) 

 Di-iso-nonyl-cyclohexane-di-carboxylate (DINCH) 

 Endocrine disrupting chemicals (EDCs) 

 European Food Safety Authority (EFSA) 

 High molecular weight phthalates (HMW) 

 Joint Research Centre (JRC) 

 Low molecular weight phthalates (LMW) 

 Mono-benzyl phthalate (MBzP) 

 Mono-carboxy-iso-nonyl phthalate (MCiNP) 

 Mono-carboxy-iso-octyl phthalate (MCiOP) 

 Mono-carboxy-methyl-hexyl phthalate (MCMHP) 

 Mono-ethyl phthalate (MEP) 

 Mono-ethyl-carboxy-pentyl phthalate (MECPP) 

 Mono-ethyl-hexyl phthalate (MEHP) 

 Mono-ethyl-hydroxy-hexyl phthalate (MEHHP) 

 Mono-ethyl-oxo-hexyl phthalate (MEOHP) 

 Mono-hydroxy-iso-decyl phthalate (MHiDP) 

 Mono-hydroxy-iso-nonyl phthalate (MHiNP) 

 Mono-n-butyl phthalate (MnBP) 

 Mono-oxo-iso-nonyl cyclohexanecarboxylic acid (MOiNCH) 

 Mono-oxo-iso-nonyl phthalate (MOiNP) 

 National Health and Nutrition Examination Survey (NHANES) 

 Polyvinyl chloride (PVC) 

 Semi-volatile synthetic chemical compounds (SVOCs) 

 Swedish Environmental Longitudinal, Mother and child, 
Asthma and allergy study (SELMA-Study) 

 The European Chemicals Agency (ECHA) 

 The European Union (EU) 

 World Health Organization (WHO)  



8 

 

 

Introduction 

Importantly, human health depends on a well-functioning endocrine 

system to regulate hormones release for our bodily normal functions. 

In our fast-paced daily routines, chemicals have become ingrained in 

our daily lives. While many of these chemicals were designed to 

improve quality of life, concerns relating to how they can affect human 

health remain. One group of chemicals included in numerous 

commonly used products are substances with properties proven or 

suspected to interact with the natural hormone system in humans and 

animals, commonly known as endocrine disrupting chemicals (EDCs).  

Endocrine disrupting chemicals 

EDCs are manmade compounds (there are also natural compounds 

with such properties) that can bind to cell receptors and mimic or block 

the functions of natural hormones potentially resulting in adverse 

human health effects. Many recognized institutions, such as the EFSA 

(European Food Safety Authority), the JRC (Joint Research Centre), 

the European Parliament, and the European Commission accept and 

base their work on the most frequently used definition for endocrine 

disruptors (defined by the World Health Organization / International 

Programme on Chemical Safety): 

"An endocrine disruptor is an exogenous substance or mixture that alters 
function(s) of the endocrine system and consequently causes adverse 
health effects in an intact organism, or its progeny, or (sub)populations" 
(WHO/IPCS 2002).  

Increasingly, concerns of EDC exposure during early life have emerged, 

with pre- and postnatal milestones contributing to health impacts later 

in development. For example, during week 10 of pregnancy, the 

embryo becomes a fetus and vital organs (e.g., brain, kidney, and liver) 

start to function. During week 27 of the pregnancy, the lungs begin to 

develop and will not be functional until several weeks later. If the fetus 

is exposed to harmful environmental chemicals during this critical 

developmental period, it may result in adverse health effects that may 

manifest later in life.  
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Therefore, exposure to chemicals with endocrine disrupting properties 

is a growing concern for the fetus, infants, children and adults alike. 

One group of EDCs is phthalates. 

Phthalates: a hundred year old story 

Phthalates is a family of semi-volatile synthetic chemical compounds 

(SVOCs) used to increase the properties of plastics such as flexibility, 

transparency, durability, and longevity; they are often known as 

plasticizers (Graham, 1973). Phthalates also have many other 

commercial usages, such as a fragrance carrier (Api, 2001).   

Phthalates is a high production volume group of chemicals  

Historically, phthalates relate to the development of plastics. The 

history of the first synthetic plastic goes back more than 150 years when 

Alexander Parkes publicly demonstrated it at the 1862 Great 

International Exhibition in London (Cate, 2009). Plastics are mainly 

made from oil such as petroleum or natural gas with their rich carbon 

chemical structure (Kabasci, 2013). The long carbon molecules, which 

are known as polymers, are made up from individual shorter identical 

building blocks known as monomers. There are infinite  ways of 

combining monomers to create an endless variety of plastics with 

different properties (Potter et al., 1995). During polymerization, the 

process where monomers combine, chemical additives are used for 

changing characteristics of the plastic. Phthalates are used in a variety 

of ways, most notably as a plasticizer that enables PVC to be more 

flexible and subsequently easier to bend into shapes. Phthalates have 

been used for the past 70 years in a variety of industrial applications, 

including as plasticizers in polyvinyl chloride (PVC) products such as 

toys, flooring materials, food packaging, and medical supplies; as well 

as in personal care products such as shampoo, lotion, and perfume 

(Carlstedt et al., 2013; Rudel et al., 2011; Sathyanarayana et al., 2008; 

Wittassek et al., 2011).  

A common approach to categorizing phthalates is based on the number 

of carbon atoms in the main carbon chains, where different phthalates 

with different carbon atom numbers have different physical, chemical 

and even toxicological properties:  
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 High molecular weight phthalates (HMW), including di-iso-

nonyl phthalate (DINP), di-iso-decyl phthalate (DIDP), and di-

2-propylheptyl phthalate (DPHP), have more than seven carbon 

atoms in their main carbon chain and their water solubility is 

very low (National Research Council (US) Committee on the 

Health Risks of Phthalates, 2008). 

 Low molecular weight phthalates (LMW), such as butyl-benzyl 

phthalate (BBzP), di-butyl phthalate (DBP), and di-ethyl-hexyl 

phthalate (DEHP), have three to six carbon atoms, and their 

water solubility is slightly higher than phthalates with higher 

molecular weight (European Chemical Agency, 2016). 

 Other phthalates include a group of compounds with the lowest 

molecular weight and less than three carbon atoms in the carbon 

chain, such as di-ethyl phthalate (DEP). Based on the chemical 

structure, this group tends to have a higher volatility and 

solubility in water than the HMW and LMW groups (National 

Research Council (US) Committee on the Health Risks of 

Phthalates, 2008). 

The European Chemicals Agency (ECHA) is an Agency of the European 

Union and it works for the safe use of chemicals. In the ECHA database 

with registered phthalates usage (ton/year) in EU, HMW phthalates 

are now predominant on the EU market and have replaced LMW 

phthalates in several applications, mainly for toxic and regulation 

reasons. In the Swedish chemicals agency KEMI (2015b) report, the 

usage of DBP and BBzP was 0 ton/year in 2011 (Table 1). 

Human exposure to phthalates 

Since phthalates create weak chemical bonds when they are added into 

different products, these compounds are readily leached  into the 

surrounding environment (Bertelsen et al., 2012). For several of the 

phthalates, the major exposure route is via food ingestion (Colacino et 

al., 2010; Meeker et al., 2009). Some phthalates have also been found 

in fatty foods such as fish, oil and dairy products (Cheng et al., 2013; 

Sharman et al., 1994). While other studies found phthalates in food that 

have been contaminated with its packaging (Cirillo et al., 2011; Fierens 

et al., 2012),  phthalates (DEHP) have also been added purposely into 

sports drink (Yang et al., 2013). Phthalates present in a mother’s body 
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can be transferred to young children via breast milk, while infant 

formula contaminated with phthalates during production may also 

contribute to infant phthalates exposures (Calafat et al., 2004b; Ge et 

al., 2016; Mortensen et al., 2005; Zhu et al., 2006). 

Table 1. Phthalate metabolites and its parent compounds, registered use in EU and 

amount used in Sweden 

 
1Europe commission database    
2Swedeish Chemical Agency report 2015 

Human exposure to phthalates can also occur through the usage of 

many personal products containing phthalates, such as hair products, 

cosmetics, lotions and perfume (Al-Saleh et al., 2016; Parlett et al., 

2012). Phthalates can be absorbed upon contact with skin or via 

inhalation, where the product is dispensed into the air and dust 

(Rakkestad et al., 2007). 

Furthermore, phthalates are also present in medical devices such as 

flexible bag for storing blood, intravenous tubing (Bannai et al., 1987; 

Dhanya et al., 2004), or in medications (Hauser et al., 2004).  These 

can be significant exposure routes for women during childbearing age, 

or babies who need to be cared for in intensive care units (Calafat et al., 

2004a; Van Vliet et al., 2011). 

Another source of exposure that also has come on the radar for 

researchers is sex toys (Biesanz, 2007; KEMI, 2017). Unlike children’s 

toy, sex toys are largely unregulated and untested (Biesanz, 2007). 

Biesanz (2007) mentioned a study done in 2000 by German chemist 

Hans Ulrich Krieg where 10 dangerous chemicals, including DEHP, 

were found in sex toys that were available in Europe. DEHP phthalate 

was also found in sex toys sold on the Swedish market (KEMI, 2017).  

Humans and animals routinely take up phthalates from products and 

from the surrounding environment. Once phthalate compounds, such 

as the ones listed above, enter the body, they can be hydrolyzed by 

CAS No. Compond Name
Molecular 

weight
Category

Registered use in 

EU                         

(ton / year) 
1

Amount used in 

Sweden                   

(ton/in 2011)
2

84-66-2 Di-ethyl phthalate (DEP) 222.24 Other 1,000 - 10,000 12

84-74-2 Di-butyl phthalate (DBP) 278.34 1,000 - 10,000 0

85-68-7 Benzyl butyl phthalate (BBzP) 312.36 1,000 - 10,000 0

117-81-7 Di-(2-ethylhexyl) phthalate (DEHP) 390.56 100,000 - 1,000,000 446

68515-48-0 Di-isononyl phthalate (DiNP) 418.61 100,000 - 1,000,000 1895

68515-49-1 Di-isodecyl phthalate (DIDP) 446.66 100,000 - 1,000,000 4826

53306-54-0 Di-(2-propylheptyl) phthalate (DPHP) 446.66 100,000 - 1,000,000 15398

HMW                                         

(High molecular weight)

LMW                                           

(Low molecular weight)
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many enzymes and completely degraded into individual metabolites 

(e.g., into monoesters) and further oxidation may also occur, resulting 

in oxidative metabolites (Silva et al., 2006).   

As a consequence of the extensive exposure described above, 

metabolites of phthalates are routinely detected in children’s (S. Langer 

et al., 2013) and adult’s urine (Adibi et al., 2009; Adibi et al., 2003; 

Duty et al., 2005), blood (Wan et al., 2013), breast milk (Fromme et al., 

2011), and amniotic fluid (Jensen et al., 2012). Studies have further 

shown that phthalate exposure varies according to age group, with 

typically higher levels in children compared to adults. One exception is 

DEP, with higher phthalate metabolite concentration in adult urine 

samples compared to children (Gomez Ramos et al., 2016; Silva et al., 

2004). 

The degradation half-time for phthalate metabolites in humans are 

short, and found to be in the order of hours (Hoppin et al., 2002). 

However, although the half time is short, urinary levels in humans 

seem to remain stable over time. This is due to what was mentioned 

above; humans are exposed to a multitude of products including 

phthalates and each can yield varying durations, intensities, and 

frequencies of contact with individuals. The only possibility to change 

human exposure is when phthalates can be removed from products, by 

changing the formula of their product recipe, or when people change 

their lifestyles and stop using specific products.  

Global health concern for phthalate exposure 

Major public health concerns regarding EDCs over the past three 

decades have focused on phthalates. In animal tests, these chemicals 

(DBP, BBzP, and DEHP) have been proven to have anti-androgenic 

effects on offspring, which means that they block male hormones that 

guide reproductive development (Borch et al., 2006; Braun et al., 2013; 

Foster, 2006; Howdeshell et al., 2007). EDCs are suspected to be 

associated with altered reproductive function in males and females, 

increased incidence of breast cancer, abnormal growth patterns and 

neuro-developmental delays in children, as well as changes in the 

immune function (Eisenberg et al., 2011; Kim et al., 2009; Lopez-

Carrillo et al., 2010; Swan et al., 2010). 
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The current regulation on phthalates 

In the European Union (EU), the use of some phthalates has been 

restricted in children’s toys since 1999 with DEHP, BBzP, and DBP 

restricted for all toys, and DINP, DIDP, and Di-n-octyl (DNOP) 

restricted in toys that can be put into mouths (Johnson et al., 2011). 

This restriction also states that the amount of these phthalates may not 

exceed 0.1% mass percent of the plasticized part of the toy (Cate, 2009). 

Since 2015, the EU commission has published a new Directive (EU 

2015/863) to amend Annex II to EU RoHS 2 (Directive 2011/65/EU) 

adding the following four phthalates into the list of restricted 

substances: 

 DEHP: max 0.1%; 

 BBzP: max 0.1%; 

 DBP: max 0.1%; 

 DIBP: max 0.1%. 

They will be restricted from 22 July 2019 for all electrical and electronic 

equipment, except from Category 8 (medical devices) and Category 9 

(monitoring and control equipment), which will have an additional two 

years to comply, by 22 July 2021 (European Union, 2015).  

In August 2008, U.S. President George W. Bush signed the Consumer 

Product Safety Improvement Act, which became public U.S. law and 

included restrictions on phthalate similar to the restrictions in EU 

(Moore, 2012):  

 It shall be unlawful for any person to manufacture for sale, offer 

for sale, distribute in commerce, or import into the United States 

any children's toy or child care article that contains 

concentrations of more than 0.1 percent of DEHP, DBP, or BBzP. 

 It shall be unlawful for any person to manufacture for sale, offer 

for sale, distribute in commerce, or import into the United States 

any children's toy that can be placed in a child's mouth or child 

care article that contains concentrations of more than 0.1 

percent of DINP, DIDP, DNOP. 
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Replacements and phthalate alternatives 

With an increasing amount of research on the exposure of phthalates 

and health risk assessment, more regulations are slowly coming into 

use. In parallel, the public has become increasingly concerned about 

phthalate exposures and have, in many cases, requested revised 

products not including dangerous chemicals. Both these circumstances 

have pushed industry to replace banned or questionable molecules in 

articles and goods. After banning the usage of DEHP, manufactures 

began to replace DEHP with DINP and DIDP (Attina et al., 2015). 

During recent years there have been new research results questioning 

DIDP and DINP, which initiated the use of an alternative plasticizer 

called di-iso-nonyl-cyclohexane-di-carboxylate (DiNCH) introduced 

by BASF, a German chemical company (Maag et al., 2010). As per 

BASF, DiNCH has been used in medical applications, food contact 

applications, and toys. Until 2002, approximately 25,000 tons of it was 

produced annually, increasing to 100,000 metric tons annually in 

2007, and 200,000 metric tons per year in 2014 (BASF, 2015). Even 

though DINCH has been used for more than a decade, data regarding 

emissions, human exposure and potential health effects are limited 

(Van Vliet et al., 2011). 

The full chain model  

In order to further understand the health risks related to chemical 

exposure, and how to solve such problems, it is useful to employ a ‘full 

chain model’ (Figure 1), where chemicals are tracked from their sources 

to health risks. In this model sources are characterized by where the 

chemical originated, followed by their environmental exposure 

pathways (e.g., exposure via air or dust due to leakage from the 

sources), and then by analyzing biomarkers we can examine the 

quantity taken up by humans. Finally, health risks resulting from 

exposure are examined. However, in order to best assess risk and 

societal impacts, and thereby ensuring better risk management and 

regulations for phthalates and its mixtures, epidemiological data is not 

sufficient. In addition, there are modifying factors which are important  
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Figure 1. The life cycle of an endocrine disruptor from source to environmental 

exposure to biomarkers, and to human health risks.  

 

to understand (e.g., temperature, relative humidity etc. that can 

influence the emission). There are different pathways for human 

uptake (e.g., oral, inhalation and dermal) and these uptake pathways 

may differ for infants, children, and adults. As well, there are different 

biological mechanisms that can explain associations between 

exposures and health effects that need to be identified. We need 

information from the full chain model to establish relevant and 

effective risk assessment of dangerous chemicals. 

Research questions for the thesis 

This thesis is focusing on phthalate exposure and includes three major 

questions at issue:  

 To what extent does PVC flooring contribute to the uptake of 

phthalates in pregnant women? 

 Can replacement of phthalates in products be reflected as 

changes in human levels? 

 Is exposure to phthalates in early life associated with airway 

disorders in children? 
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Aim of the thesis 

The overall aim of this thesis is to track phthalates from source to 

human health effects as described in the full chain model, and 

ultimately identify:  

 Important sources for human uptake;  

 Time trends in phthalate exposure related to replacement of 

phthalates in products; and, 

 The importance of phthalate exposure in early life for the 

development of airway problems in children.  

Method 

Epidemiological data from two Swedish population-based cohort 

studies, which were conducted in the county of Värmland, were used in 

this thesis; the Dampness in Buildings and Health (DBH) study 

Bornehag et al. (2004a) and the Swedish Environmental Longitudinal, 

Mother and child, Asthma and allergy (SELMA) study (Bornehag et al., 

2012).  

The county of Värmland is in west of Sweden with 275,904 residents as 

of 2016. Värmland is divided into 16 municipalities, where the county 

capital is Karlstad with almost 90,000 inhabitants and the major city 

of the county. The research center for both of these cohort studies is 

located in Karlstad, at Karlstad University. 

The DBH-Study 

The DBH-study is a longitudinal investigation with the aim to 

investigate the importance of environmental factors – with a specific 

focus on indoor-related factors - in early life for the development of 

asthma and allergy in children and adolescents. Currently, the DBH-

study consists of four phases:  

 DBH I was carried out in the year of 2000 as a baseline 

questionnaire-based cross-sectional study. Parents of all 

children (N=14,077) aged from 1 to 5 years in the county of 

Värmland were invited to participate in a postal questionnaire. 

Parents of 10,852 children responded, corresponding to a 
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response rate of 77% (Larsson et al., 2010). The questionnaire 

covered a broad spectrum of issues including family lifestyle, 

environmental exposures with special focus on the 

characteristics of the home, health of the family and child, and 

background information about the family (Bornehag et al., 

2004b). Questions of asthma and allergy in the family and the 

child were the same as in the International Study of Asthma and 

Allergies in Childhood (ISAAC) concept, which is a worldwide 

epidemiological research program established in 1991 to 

investigate asthma, rhinitis and eczema in children (Lai et al., 

2009).  

 DBH II was a nested cross-sectional, case-control study with a 

subset of the DBH I cohort, when the children were 2-6 years of 

age (Bornehag et al., 2005). In this study, associations between 

persistent allergic symptoms and the concentrations of several 

different microbiological as well as chemical exposures in indoor 

air and dust were examined. One specific focus was on 

phthalates in indoor dust, which was collected from the 

children’s bedrooms. Associations between environmental 

exposures and health outcomes were examined with a cross-

sectional design including 198 case children with asthma and 

allergy and 202 controls without such symptoms. Selection 

criteria for the cases were reports of at least two symptoms of 

“wheezing during the last 12 months without a cold”; “rhinitis 

during the last 12 months without a cold”; and, “eczema during 

the last 12 months” (Bornehag et al., 2005). 

 DBH III was a 5-year follow-up study, which was conducted in 

2005. In this part of the study, questionnaires were sent to the 

three youngest age groups (1–3 years) in DBH I who were 6–8 

years old at time for investigation (N=7,509). The response rate 

was 73% (Larsson et al., 2010). The major focus of this study was 

on the health development of the children and the association to 

environmental factors at baseline. 

 DBH IV was a 10-year follow-up questionnaire study conducted 

in 2010. The study was aimed at all children in Värmland, aged 

11–15 years (n = 15,043) and their parents. The response rate was 

51%. The overall purpose of this follow-up was to identify young 

people’s health status and their living conditions, as well as to 
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provide a better understanding of the indoor environment in 

early life, in relation to the development of chronic disease in 

children in Värmland. 

 

Figure 2. Description of responses in three phases of the DBH-study; DBH I 

(baseline study), DBH III (5 year follow up) and DBH IV (10 year follow 

up). Data from DBH I, III, and IV including 3,228 children and their 

families. 

This current thesis included data from 3,228 children and their 

families with data drawn from three datasets: the baseline (DBH I), the 

5-year follow-up (DBH III), and the 10-year follow-up (DBH IV) as 

shown in Figure 2. By including DBH III in this thesis, we identified 

subjects who developed asthma after the 5-year follow-up. 

The SELMA Study 

The SELMA study was designed to investigate how prenatal exposure 

for environmental chemicals – with a major focus on suspected or 

proven endocrine disrupting chemicals – may affect health and 

development in children. SELMA is a pregnancy cohort study following 

mother-child pairs from early pregnancy (first trimester) over birth 

and up in school age of the children. Key health domains included 
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metabolism and growth, neurodevelopment, sexual development, and 

asthma and allergy. Women who could read Swedish and were not 

planning to move out of the county were invited at their first antenatal 

care visit; 8,394 pregnant women were identified in the county of 

Värmland, 6,658 were eligible and 2,582 agreed to participate 

corresponding to a participation rate of 39%. The recruitment of the 

2,582 pregnant women started in September 2007 and was finished in 

March 2010.   

Environmental exposure details and child health information was 

collected via questionnaires and analyses of prenatal urine and serum 

for the content of phthalate metabolites and other biomarkers. 

Questionnaires 

Self-administered questionnaires were used to collect information on, 

for example, lifestyles, socio-economic status, living conditions, diet 

and medical history at different time points. For this thesis we have 

used questionnaire data from the time of enrollment (median week 10 

of pregnancy) and from two time points during the infancy period (6 

and 12 months of age). Questionnaires included background 

information such as the health of the child and the family (e.g., asthma, 

allergy, croup, otitis media, wheezing), home environmental 

characteristics (e.g., flooring material type in bedroom, living location, 

dwelling types), mother’s background information (e.g., education, 

marital status) and lifestyle of the family (e.g., smoking). 

Biomarkers in prenatal urine and serum 

Prenatal urine (N=2,325) and blood (serum) (N=2,355) were sampled 

at enrollment in early pregnancy and stored frozen in a biobank for 

later chemical analyses at the department of occupational and 

environmental medicine at Lund University, Lund, Sweden. Samples 

were taken at the first visit at the antenatal center (i.e., at enrollment) 

which happened in week 3 to 27 of pregnancy (median week 10, and 

96% of the samples were taken before week 13 of pregnancy). 

Urine samples were collected at home in supplied glass containers and 

transferred into polypropylene tubes without any other assisting 

equipment for easy transportation. Urine samples were analyzed for 
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metabolites of phthalates and phthalate replacement as shown in Table 

2. Aliquots of 0.2 mL of urine were mixed with 0.1 mL of ammonium 

acetate (1 M; pH 6.5) and 0.01 mL β-glucoronidase (E-coli), and 

thereafter incubated at 37°C for 30 min. Then 0.05 mL of a 50:50 (v:v) 

water and acetonitrile solution of labeled (3H or 13C) internal 

standards of all analyzed compounds were added and the samples were 

analyzed by liquid chromatography-tandem mass spectrometry (LC-

MS/MS; Paper II). DIDP/DPHP will be listed together as these two 

metabolites have the same retention time and behave similarly on the 

mass spectrometer (Gries et al., 2012). The concentrations of phthalate 

metabolites may be affected by urine concentration depending on the 

fluid balance. One common approach to compensate for this involves 

measurement of the creatinine concentration in the sample (Blount et 

al., 2000). Because of this reason, creatinine concentration was also 

measured and adjusted for in biostatistical analyses.  

Table 2. Metabolites from phthalates and phthalate alternative (DINCH) 

compounds that were analyzed in prenatal urine in the SELMA study 

 

Serum samples were analyzed using liquid chromatography-tandem-

mass-spectrometry (LC/MS/MS). A detailed description of the method 

is presented in Lindh et al. (2012). Aliquots of 100 μl serum were added 

to 25 μl of a water:acetonitrile (50:50) solution containing labeled 

internal standards. Proteins were precipitated by acetonitrile and 

vigorously shaking for 30 minutes. The samples were then centrifuged 

and the supernatant analyzed using a LC (UFLCXR, SHIMADZU 

Corporation, Kyoto, Japan) connected to a hybrid triple quadrupole 

linear ion trap mass spectrometer (QTRAP 5500, AB Sciex, Foster City, 

CA, USA).  

Parent Compound

Parent 

Compound 

CAS NO

Metabolite 

CAS NO

Di-ethyl phthalate (DEP) 84-66-2 Mono-ethyl phthalate MEP 2306-33-4

Di-n-butyl phthalate (DBP) 84-74-2 Mono-butyl phthalate MBP 131-70-4

Butyl-benzyl phthalate (BBzP) 85-68-7 Mono-benzyl phthalate MBzP 2528-16-7

Mono-ethyl-hexyl phthalate MEHP 4376-20-9

Mono-ethyl-hydroxy-hexyl phthalate MEHHP 40321-99-1

Mono-ethyl-oxo-hexyl phthalate MEOHP 40321-98-0

Mono-ethyl-carboxy-pentyl phthalate MECPP 40809-41-4

Mono-carboxy-methyl-hexyl phthalate MCMHP 82975-93-7

Mono-hydroxy-iso-nonyl phthalate MHiNP 936021-98-6

Mono-oxo-iso-nonyl phthalate MOiNP 936022-00-3

Mono-carboxy-iso-octyl phthalate MCiOP 936022-02-5

Di-2-propylheptyl phthalate (DPHP) 53306-54-0 Mono-hydroxy-iso-nonyl phthalate MHiDP NA

Di-iso-decyl phthalate (DiDP) 26761-40-0 Mono-carboxy-iso-nonyl phthalate MCiNP NA

Di-iso-nonyl-cyclohexane-di-carboxylate (DiNCH) 166412-78-8 Mono-oxo-iso-nonyl cyclohexanecarboxylic acid MOiNCH NA

Di-ethyl-hexyl phthalate (DEHP) 117-81-7

Di-iso-nonyl phthalate (DiNP) 68515-48-0

Metabolite
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In these serum samples, cotinine levels were measured. Cotinine is 

commonly used as a biomarker for tobacco smoke exposure. If cotinine 

levels were below 0.2 ng/mL, subjects were categorized as non-smoker; 

if cotinine levels were greater than 15 ng/mL, subjects were considered 

as active smokers; and while in between, subjects were considered as 

passive smokers (Jefferis et al., 2010). 

Biostatistical analyses and modeling 

Univariate analyses were performed, and we examined the following 

characteristics for each variable: the distribution (summary of the 

frequency of individual values or ranges of values for a variable) and 

the central tendency (mean, median, geometric mean (GM)) and a 95% 

confidence interval (CI).  

To take individual differences in urine dilution into consideration, 

creatinine corrections were applied in two different ways. To be able to 

compare urine metabolite levels with other studies, traditional 

creatinine adjustments were applied to individual metabolite 

concentrations (Table 2). In the Least square geometric mean (LSGM) 

models, we used creatinine as a co-factor since creatinine may be 

related to individual characteristics. Due to skewness, all urinary levels 

of metabolites were log-transformed (10-log) to improve the 

approximation of a normal distribution. 

Distributions of urinary EDCs levels were also expressed using 

geometric means estimated in LSGM. With this method, it was possible 

to adjust for potential confounders (Vaillant et al., 2007). The specific 

adjustment variables used in each analysis are further described below 

and in the papers. LSGM was calculated in PROC GLM in SAS version 

9.3 of the SAS System for Windows. Copyright © 2012, SAS Institute 

Inc. Cary, NC, USA. 

Correlation analysis (Pearson) was applied to identify the correlation 

between phthalates (log transformed and creatinine adjusted 

concentrations). It was calculated in PROC CORR in SAS version 9.3 of 

the SAS System for Windows. Copyright © 2012, SAS Institute Inc. 

Cary, NC, USA. Urinary creatinine concentration was used to adjust for 

urinary dilution across different individuals. 
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Associations between different environmental and health effects were 

estimated by crude and adjusted odds ratios (ORs and aORs). Logistic 

regression analysis was carried out using SPSS for Windows (V.19.0; 

IBM Corp, Armonk, NY, USA) for Paper I and PROC LOGISTIC in SAS 

version 9.3 of the SAS System for Windows. Copyright © 2012, SAS 

Institute Inc. Cary, NC, USA. 

To avoid confounding, different adjustments were made in different 

bio-statistical analyses. Generally, this was done by including potential 

confounders in multivariate models and analyses. The selection of 

potential confounders – to be included in the models - were generally 

done by including variables that were significantly (p<0.05) associated 

with outcome variable and/or the exposure. Here is an overview of 

adjustments in the final models: 

 Paper I relates to the association between PVC flooring in the 

home in childhood and health outcome in children. The variables 

adjusted for in paper I were age and sex of the child, allergies 

(asthma, eczema, and/or rhinitis) in the family (father, mother, 

and siblings), smoking in the family (father, mother, siblings, 

and others), single parent households where the child live with 

one adult only, and housing types (multifamily house, single-

family house), which were collected at the baseline (DBH I).  

 Paper II relates to PVC flooring as a source for phthalate uptake 

in pregnant women. The variables adjusted for in paper II were 

mother’s age, mother’s smoking status, mother’s education level, 

and creatinine in urine (mmol/L). 

 Paper III relates to time trends in urinary levels of phthalate 

metabolites in pregnant women. The variables adjusted for in 

paper III were mother’s age, education, body weight, and 

smoking, as well as season for sampling, and creatinine in urine 

(mmol/L). 

 Paper IV relates to the association between prenatal phthalate 

exposure and airway problems in children. The factors adjusted 

for were age of the mother, education level of the mother, history 

of asthma in the family, sex of the child, smoking for the mother 

during early pregnancy (serum levels of cotinine in early 

pregnancy), and creatinine in urine (mmol/L). 
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Because of potential correlations between different phthalate 

metabolites that occur together, traditional regression methods may 

suffer from collinearity effects, when compounds are investigated one 

by one. Such correlation can be because the same metabolites share 

various sources (e.g., consumer products and articles). In order to solve 

this problem, we used weighted quantile sum (WQS) regression, which 

is a recently proposed method by Carrico et al. (2015). The benefit of 

using WQS is that while considering the correlation between 

compounds, generalized inference about the mixture effect can be 

made and individual chemicals with the most significant contributions 

can be identified. WQS regression was used in paper IV. The analysis 

was conducted using PROC GLM in SAS version 9.3 of the SAS System 

for Windows. Copyright © 2012, SAS Institute Inc. Cary, NC, USA. 

Ethical approval 

The DBH-study was approved by the medical ethics committee at 

Örebro University, Sweden, (DBH I) and Uppsala University (DBH IV). 

Regional Ethical Review Board, Uppsala, Sweden, approved the 

SELMA study. Signed informed consents were obtained.  

Result and discussion 

PVC flooring in home as a source for human uptake of phthalates  

Polyvinyl chloride, commonly abbreviated as PVC, is the world’s third 

most widely produced synthetic plastic polymer (Allsopp et al., 2000). 

The pure PVC is rigid, but with the help of plasticizers such as 

phthalates, PVC can be made soft and flexible for use in products such 

as cable insulation, toys, floorings and many other applications (Latini 

et al., 2010). 

Most PVC floorings are manufactured by combining phthalates with 

PVC powder to form a liquid paste known as “plastisol” (KEMI, 2015a). 

The flooring normally comprises a foam core and a decorative and 

protective layer (KEMI, 2015a). PVC flooring is known for its easy 

installation, easy care, easy cleaning, and durability at lower price point 

(The European Council of Vinyl Manufacturers, n.d.). While lower 

quality PVC flooring may last less than 10 years, higher quality PVC 
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flooring can be warrantied for up to 30 years or more (The European 

Council of Vinyl Manufacturers, n.d.).  

The Swan is the official Nordic ecolabel, which was introduced by the 

Nordic Council of Ministers. As per its document about floor covering, 

wood flooring and plastic flooring are the most popular flooring types 

in Sweden (The Swan ecolabel, 2014). In 2012, 5.7 million plastic 

flooring were sold in Sweden, however, most of the production of the 

flooring industry has shut down in Sweden and just one large flooring 

manufacture remains (KEMI, 2015a). Our data in DBH and SELMA 

shows that approximately 30 - 40% of the homes (between 2000 and 

2010) have PVC flooring in at least one of the bedrooms of the home 

(paper I and paper II). 

One major question often posed relates to the importance of PVC 

materials in the home, such as PVC flooring, for human uptake of 

phthalates. In the SELMA study we have data from the time of 

enrollment of the pregnant women, which allows us to closely examine 

the indoor environment as a possible major update pathway. Data were 

collected pertaining to the type of flooring in the home of the families 

via the use of questionnaires, in parallel with prenatal urine that was 

analyzed for phthalate metabolites.  

The association between type of flooring in the home and urinary levels 

of phthalate metabolites were analyzed for pregnant women in a cross-

sectional design including 1,658 women for which we had data for all 

included variables for the biostatistical modeling. 

With a compound-by-compound approach, urinary metabolite levels 

of DBP (MBzP), BBzP (MBzP), and DEHP (MECPP) were significantly 

higher overall when PVC flooring were used in the home, compared to 

other flooring materials, as reported in paper II. Such significant 

differences in phthalate metabolite levels were found even when 

adjusting for potential confounders using LSGM regression. Data 

showed that the more rooms with PVC-flooring in home, the higher 

LSGM levels of phthalate metabolites in the pregnant women (Figure 

3). Regarding the other phthalates, DEP, DINP, DIDP and DINCH, no 

significant difference in metabolite levels could be found in relation to 

the use of PVC flooring in home. 
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Figure 3. Least square geometric mean levels (95% CI) of MnBP, MBzP, and 

MECPP in urine (log scale) in relation to flooring material in 1,658 homes. 

Adjustments made for mother’s age, mother smoking status, education, 

dwelling type, marital status and creatinine. Adjusted overall significance 

for trends is marked with a p-value (*<0.05, **<0.01, ***<0.001). 

As pointed out earlier one problem is that different metabolites are 

correlated as shown in Table 3. One reason for such correlations could 

be that metabolites are sharing sources. For example, MBzP were 

significantly correlated with metabolites from DEHP (p<0.001), as well 

as from MBP (p<0.001), and MBP and MBzP was also significantly 

associated (p<0.001).  To consider such correlations, the material was 

analyzed with WQS regression. 

When all examined 14 phthalate metabolites were analyzed in a WQS 

model together with potential confounders, and with PVC flooring as 

dependent variable, we found significant associations (p<0.0001). 

From the WQS analyses, we found that PVC flooring in the home was 

related to urinary levels of the MBzP metabolite and MOiNCH 

metabolite. MBzP and MOiNCH contributed more than 80% and 10% 

respectively to the model, whereas the contributions from DEHP 

metabolites were less than 5% (Figure 4). 
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Our results show that analyses with a traditional logistic regression 

model with a compound by compound approach, and with a mixture 

model conducted in a WQS regression model revealed similar results 

regarding PVC flooring as a determinant for urinary levels of MBzP. 

The importance for DEHP metabolites, however, was disappearing and 

the DINCH metabolite appeared in the WQS analyses.  

Table 3. Correlations between urinary levels of phthalates and phthalate 

alternative metabolites expressed as Pearson correlation coefficient and 

significance level (p-value) calculated on log transformed urinary 

concentrations controlled for creatinine (N=1,658). 

 

Our findings regarding PVC flooring as a source for human levels of 

MBzP are supported from other studies. Earlier data from the SELMA 

study showed in cross-sectional data that PVC-flooring in the home 

were related to higher urinary levels of phthalate metabolites in 83 

infants (2-6 months of age). Carlstedt et al. (2013) found that urinary 

levels of MBzP were significantly (p<0.007) higher among infants with 

PVC flooring in their bedroom when compared to other flooring 

materials. However, no significant associations were found for DEHP 

metabolites in that study. Shu et al. (In Manuscript) found a significant 

association between urinary MBzP concentration and soft PVC flooring 

in a living room (p<0.0001) and bathroom (p=0.005) in a study on 

1,539 Canadian children (2- 3 months of age) in the CHILD study. 

Another study from a cohort of 239 children (5 years of age) in New 

MEP MBP MBzP MEHP MEHHP MEOHP MECCP MCMHP MHiNP MOiNP MCiOP MHiDP MCiNP

1

0.13 1

***

0.06 0.54 1

** ***

0.09 0.37 0.34 1

*** *** ***

0.10 0.40 0.35 0.83 1

*** *** *** ***

0.09 0.42 0.37 0.83 0.99 1

*** *** *** *** ***

0.07 0.35 0.32 0.78 0.92 0.93 1

*** *** *** *** *** ***

0.07 0.25 0.23 0.68 0.87 0.85 0.85 1

*** *** *** *** *** *** ***

0.07 0.19 0.16 0.32 0.40 0.39 0.39 0.28 1

*** *** *** *** *** *** *** ***

0.08 0.25 0.20 0.39 0.46 0.45 0.45 0.32 0.95 1

*** *** *** *** *** *** *** *** ***

0.05 0.13 0.09 0.24 0.31 0.30 0.37 0.27 0.91 0.90 1

* *** *** *** *** *** *** *** *** ***

-0.02 0.16 0.13 0.21 0.23 0.23 0.19 0.13 0.21 0.24 0.18 1

0.36 *** *** *** *** *** *** *** *** *** ***

-0.01 0.06 0.07 0.12 0.16 0.15 0.25 0.20 0.47 0.43 0.57 0.13 1

0.60 ** *** *** *** *** *** *** *** *** *** ***

-0.02 0.16 0.13 0.21 0.23 0.23 0.19 0.13 0.21 0.24 0.18 1.00 0.13

0.36 *** *** *** *** *** *** *** *** *** *** *** ***

DiNP
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DIDP                                                                     

/ 
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MBzP

MEHP

MEHHP

MEOHP

MCiNP

MOiNCH

MECCP
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York City found that children from homes with PVC or linoleum 

flooring had significantly higher urinary MBzP concentration than 

other children Just et al. (2015). To our knowledge, there is no study 

focusing on the importance of PVC for uptake of DINCH. 

 

 

Figure 4. Phthalates and one phthalate alternative (DiNCH) metabolites (in 

prenatal urine) that were found to be associated with self-reported PVC 

floorings in the home at the time of urine sampling expressed as a 

contribution to the model (weight) in percent, estimated by WQS 

regression. The models are adjusted for mother’s age, mother smoking 

status, education, dwelling type, marital status and creatinine (N=1,658). 

This is the first study where the associations between urinary phthalate 

metabolite levels and the existence of PVC flooring at home were 

examined with both a traditional compound by compound approach, 

as well as a mixture (WQS) method. By using WQS method, this 

approach addressed issues that arise with the correlated factors.  

Our finding that PVC flooring may be a source for uptake of BBzP 

metabolites in pregnant women raise concern for several reasons. First, 

BBzP is under regulation and is classified as reproduction toxic 

category 1B (i.e., substances presumed to have carcinogenic potential 

for humans). Furthermore, BBzP cannot be used for any application 

within the EU without permission after 2015 (ECHA, 2016). Another 

concern is that PVC flooring material is very common in Sweden 

(around 30% - 40% of Swedish homes have PVC flooring). However, 

while the use of BBzP as a plasticizer is most likely on the decrease, 
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time trend data in human urinary levels of MBzP does not show that 

trend (see chapter 4.2 below). It is notable that PVC is not overly 

popular in other countries in North America and Europe. However, one 

global commonality is the usage of such flooring material in public 

facilities such as health care unit, schools, and daycare centers because 

of its unique properties such as durability, long lasting, and easy to 

clean (The European Council of Vinyl Manufacturers, n.d.).  

One limitation with these analyses is that we do not have data on the 

age of the PVC flooring. This means that we cannot distinguish between 

the PVC floorings with older phthalates such as DEHP and PVC 

floorings and newer phthalates, such as DINCH. Since phthalates are 

SVOCs, one of many properties of SVOC is that SVOCs tend to be in the 

absorbed phase, and not in gas phase. Therefore, while with the unique 

properties of added phthalates in the PVC flooring, the high material 

phase concentration and low emission rate make the PVC flooring 

relatively constant and stable over time. With newly installed PVC 

flooring in a home, the emission is slow. Over time the concentration 

of emitted phthalate indoors will plateau. Plasticizers such as DEHP 

inhibit the degradation of the PVC polymer when they migrate to the 

surface. When it is absorbed by other material, PVC discolors and fall 

apart. This raises the concern of long-term human phthalate exposure 

with intact aged PVC floorings in home.  

Time trends for human levels of phthalates 

Already in 1986, the U.S. EPA categorized DEHP as a "probable human 

carcinogen" (U.S. EPA, 1988). The U.S. Consumer Product Safety 

Commission, also in 1986, asked manufacturers to voluntarily remove 

or reduce concentrations of DEHP in toys (U.S. EPA, 1988). Starting in 

1997, Danish authorities found what they considered to be 

unacceptable levels of DINP leaching from various PVC teething rings 

imported from China. As a result, these products were voluntarily 

withdrawn from the Danish market, pending for further evaluations 

(Wilkinson et al., 1999). However, one would suspect the real 

substitution of phthalates started several years after the 

implementation of the regulations. 
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Since 1999, regulations around phthalates have been closely followed 

by the global market. As mentioned earlier, in the European market, 

the HMW phthalates (e.g., DiNP, etc.) currently dominate and they 

have in several applications replaced the LMW phthalates (e.g., DBP, 

BBzP, DEHP) (KEMI, 2015b). Many Swedish companies have replaced 

DEHP with DIDP, DINP, and DPHP (KEMI, 2015b). In 2006, the 

European Food Safety Authority (EFSA) approved DINCH for a wide 

variety of food contact applications. DINCH compounds have been 

used to replace DEHP and DINP (Crespo et al., 2007). 

Following the substitution of phthalates in PVC and the timeline above, 

we can categorize phthalates and phthalate alternatives used as 

plasticizers into three groups: 

 Old phthalates that have been used for long time, such as DEHP, 

DBP, and BBzP;  

 Newer phthalates that were introduced (in the late 1990s) in 

order to substitute the old phthalates, such as DINP, DIDP, and 

DPHP; and, 

 Non phthalate compounds (phthalate replacements) were 

introduced around 2005, such as DINCH.  

One outstanding question in relation to the substitution that has 

occurred is whether it impacts for human uptake. Or in other words, if 

molecules are replaced in PVC flooring and other soft PVC materials, 

can we see any changes of urinary levels over time of metabolites 

related to original compounds and their substitutes. This question was 

possible to examine by the use of SELMA data since we can analyze 

time trends in urinary levels of phthalate metabolites over a period of 

2.5 years when the pregnant women were recruited. 

 

The study population for the current analysis is 1,651 women for which 

we have data for all included variables in the biostatistical modelling, 

where we have used LSGM analyses adjusted for potential confounding 

variables.     

Temporal trends from LSGM analyses of urinary levels for 14 phthalate 

metabolites were observed as shown in Figure 5. The general findings 

were that the older phthalates are on a decreasing trend mainly 
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including DEHP metabolites, while the newer phthalates are increasing 

including DiNP and DiDP/DPHP metabolites, and the phthalate 

replacement is also increasing with an even faster rate, including the 

DINCH metabolite MOiNCH. More specifically, we found: 

 A statistically significant downward temporal trends (p<0.0001) 

in the urinary levels of all DEHP metabolites MEHP, MEHHP, 

MEOHP, MEHHP, and MCMHP were found. When we consider 

2007 as the baseline year, the levels of all DEHP metabolites 

decreased approximately by 16% (p<0.001) on average over the 

sampling period (2007-2010); 

 A continuous increase in the urinary excretion of DiNP and 

DiDP/DPHP metabolites, where the LSGM concentrations 

increased by approximately 34-41% when compared with the 

first period; and, 

 A strong increase in levels of the metabolite from the phthalate 

replacement DINCH (MOiNCH), during the 2.5-year period 

(p<0.001). Concentrations of MOiNCH metabolite increased 

38% (p<0.0001) in 2008, 109% (p<0.0001) in 2009, and 223% 

(p<0.0001) in 2010. 

When analyzing the metabolites of DEP (MEP), DBP (MBP), and BBzP 

(MBzP) we could not find any significant changes during the 2.5-year 

period.   

Our findings of decreasing and increasing trends are partly supported 

by other studies. The phthalate temporal trends identified here are in 

part similar to findings from National Health and Nutrition 

Examination Survey (NHANES) and the German Environmental 

Specimen Bank.  Concentrations of MEP, MnBP, MBzP and the DEHP 

metabolites were significantly lower in 2009-2010 than in 2001-2002, 

and exposure to phthalate-based replacements, such as DiNP, 

increased (Zota et al., 2014), while the monitored urinary metabolite 

levels of the non-phthalate-based replacement MOiNCH increased 

dramatically during 1999-2012 (Schutze et al., 2014).   

One rather remarkable finding is that and BBzP metabolite levels in 

urine didn´t change significantly over the study period of 2.5 years 

since both these compounds are under regulation and on restriction  
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Figure 5. Urinary levels of phthalate metabolites (estimated by LSGM with 95% 

CIs) during four periods from 2007 to 2010 in 1,651 pregnant women in the 

SELMA study; 271 samples were included from 2007, 683 samples in 2008, 

593 samples in 2009 and 104 samples in 2010. The model adjusted for 

urinary creatinine, mothers age (years), season (winter vs. summer), 

mother’s education (university vs. other), and PVC flooring in a bedroom 

(yes vs. no).  DEHP metabolites trend (p<0.001) are in red, DiNP 

metabolites trend (p<0.01) are in yellow, and the DINCH metabolite trend 

(p<0.001) is in blue.  

lists. Other studies found the significantly negative temporal trends for 

MnBP, and MBzP (Gyllenhammar et al., 2017; Zota et al., 2014). One 

reason for this difference could be the use of a shorter sampling period 

in our data.  

Our findings regarding DEHP, DiNP and DINCH are in line with the 

current regulation patterns in Sweden, as reported by KEMI (2011). 

The usage of DEHP and DiNP in PVC was changed between 2002 and 

2005. The production of DEHP was reduced from 12,272 tons in 1999 

to 2,732 tons in 2002, while DiNP increased from 452 tons to 8,246 

tons during the same period. This substitution process has continued 

throughout the past several years, although to a much lower extent. The 

use of DINCH in Sweden increased by 47 times between 2011 and 2012, 
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from 427 tons to 20 077 tons (KEMI, 2014). In 2012, the registered 

amount of DINCH according to the product register was only 40 

percent lower than the total amount of phthalates recorded (KEMI, 

2014). However, KEMI (2011) report that the usage of BBzP in PVC has 

reduced from 1,268 in 1994 tons to 19 tons in 2008, which was not 

reflected in our time trend data.  

The finding that metabolite of older phthalates (used in soft PVC) 

decrease in human urine and those metabolites of newer ones increase 

indicates that regulations and substitutions of chemicals can have an 

impact on human phthalate exposure. However, regarding DBP and 

BBzP no changes over time could be seen, but it should be emphasized 

that the study period was rather short. 

Early life exposure to phthalates and airway problems in children 

Asthma is one of the most common chronic diseases in the world, 

especially among children. The causes of the increasing asthma 

incidence during recent decades remain mainly unknown; however, a 

combination of complex environmental and genetic interactions is 

considered (Miller and Ho 2008, Bush 2015). During the past decade, 

there have been several studies suggesting that the rising trend in 

asthma prevalence might have reached a plateau (van Aalderen, 2012). 

Epidemiological evidence is suggesting that early life exposure to 

several phthalates increases the risk for childhood asthma (Bornehag 

et al., 2010; Braun et al., 2013).  Bornehag et al. (2010) listed the 

conclusion that epidemiological studies provide indications for a 

relationship between phthalates exposures and asthma in children. 

Braun et al. (2013) concluded in the review that studies suggest fetal 

and childhood exposure to some phthalates may perturb normal 

development, with several studies consistently reporting increased risk 

of allergic diseases with DEHP and BBzP exposure. 

However, asthma is difficult to diagnose in during infancy and younger 

years since specific tests are limited, the diagnosis is mainly based on 

unspecific signs and symptoms. Furthermore, during infancy the 

prediction of future asthma disease is even more difficult. Still, 

respiratory tract inflammatory responses constitute a major burden of 
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disease during infancy. Assessments of environmental exposures 

could, therefore, be extended from relationships with asthma to 

include other clinical measures in early life. Wheeze is such a 

recognizable clinical symptom that also has been shown to be 

associated with the development of asthma later in life (Jackson et al., 

2008). Other inflammatory morbidities and early life conditions 

providing relevant proxies of significant airway inflammatory response 

may include viral croup and otitis media, which are upper respiratory 

tract infections (Cetinkaya et al., 2001; Janson et al., 2007; Moussa et 

al., 1996; Nicolai et al., 1996; Van Bever et al., 1999).  

The following results from two studies are presented: one relating to 

the importance of PVC flooring in childhood and development of 

doctor diagnosed asthma during 10 years with data from the DBH-

study (Paper I), and one study on prenatal exposure for phthalates and 

the importance for airway symptoms/diseases such as wheezing and 

croup in infants in the SELMA study (Paper IV).  

PVC flooring and incidence of asthma 

In this study, we have used questionnaire data from the DBH-study 

including 3,228 children in a longitudinal design. Analyses showed that 

children, who had PVC floorings in the bedroom when they were 1-5 

years of age (baseline), were more likely to develop doctor-diagnosed 

asthma during the following 10-year period compared to children 

living without PVC flooring (Figure 6). It should be noted that children 

that had asthma already at baseline were excluded from the analyses to 

identify incident asthma during the study period.  

Subjects who had PVC flooring in the parents’ bedrooms, but not the 

child’s bedroom at baseline were at higher risk of developing asthma 

compared to subjects who had PVC flooring in child’s bedrooms but not 

in parents’ bedroom. One possible explanation of this association with 

parents’ bedrooms could be that the flooring in the parents’ bedroom 

at the time of the baseline questionnaire in most of the cases represents 

the situation during the pregnancy period. This could then indicate the 

exposure situation for the pregnant women. For the children who at 

baseline had lived in the same location since birth, PVC flooring in the 

parents′ bedroom was significantly associated with having doctor- 



34 

 

 

 

Figure 6. Association between parental reported doctor-diagnosed asthma at 

follow-ups (5 and 10 years) and PVC flooring in the home in childhood at 

baseline, extracted by rooms and expressed as adjusted odds ratio and 95% 

CI. 

diagnosed asthma, whereas this association was not seen for the child’s 

bedroom. 

Our finding regarding a significant association between PVC flooring 

and airway diseases in children have also been shown by others. In a 

matched pair case-control study, which was based on the Oslo Birth 

cohort during a period of 15 months in 1992 and 1993, Jaakkola et al. 

(1999) reported that the risk of bronchial obstruction was related to the 

presence of PVC flooring (aOR=1.89, 95% CI: 1.13 - 3.14) during the 

first two years of children’s life. In a Finnish study of children aged 7 to 

12 years, Jaakkola et al. (2000) reported that lower respiratory tract 

symptoms persistent wheezing (OR=3.42, 95% CI=1.13, 10.36), cough 

(OR=2.41, 95%; CI = 1.04, 5.63), and phlegm (OR = 2.76, 95% CI=1.03, 

7.41), were associated with the presence of plastic wall materials, 

whereas upper respiratory symptoms were not. In 2008, Jaakkola et al. 

(2008) concluded, after reviewed 27 human and 14 laboratory 

toxicology studies, that epidemiologic studies in children show 

associations between indicators of phthalate exposure in the home and 

risk of asthma and allergies. Jaakkola et al. (2004) reported in a cross-

sectional study of 5951 8-12-year-old school children, that risk of 

current asthma, wheezing, and allergy were related to recent 

renovation and the installation of materials, and that new linoleum 

flooring, synthetic carpeting, particleboard, wall coverings, and 
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furniture and recent painting were determinants of one or several of 

these three health outcomes.  Oie et al. (1999) reported in a Norwegian 

matched case-control study following newborns for 2 years (where 172 

case children with bronchial obstruction and control series were one-

to-one matched for date of birth) that the presence of PVC materials 

increased the risk of bronchial obstruction in children. In a population-

based cross-sectional study involved 2,568 Finish children aged 1 to 7 

years, lower respiratory tract symptoms – persistent wheezing, cough, 

and phlegm – were associated with the presence of plastic wall 

materials (Jaakkola et al., 2000). In the DBH-study with a cross-

sectional design, PVC flooring in the child´s bedroom was associated 

with allergic symptoms in children (Bornehag et al., 2004b). In the 5 

years follow-up of the DBH-study, Larsson et al. (2010) reported that 

parentally reported PVC flooring in the child’s, as well as in the parent’s 

bedroom, at baseline when the children were 1–3 years of age was 

significantly associated with incident asthma in children 5 years later.  

A cross-section study of 2,740 children age 1 to 8 years of age from 

Korea reported that a combination of floor moisture and PVC flooring 

increased the prevalence rate of wheeze (AOR = 3.0) (Choi et al., 2014). 

Prenatal phthalate exposure and croup during infancy 

In this study (paper IV) we have used data from the SELMA study 

including 1,062 children with data on prenatal phthalate exposure and 

parental reports of airway problem when they were 12 months old. 

Approximately, 9.5%, 29.6% and 15.4% of the SELMA children were 

reported to suffer from croup, wheezing, and otitis media respectively 

during their first 12 months of age, and boys were reported to exhibit 

more croup, wheeze and otitis media than girls have. 

When we analyzed prenatal phthalate exposure, we found significant 

associations between prenatal urinary concentration of BBzP and 

DEHP metabolites and croup in infants during their first year of life.  

We found significant associations even when adjustments were made 

for potential confounders (Figure 7). These associations were stronger 

for boys when compared with girls (Paper IV). The associations 

between prenatal exposure to BBzP and DEHP metabolites and croup 

were also seen when the phthalate metabolites concentration was 

categorized in quartiles, suggestive of a dose-response relationship.  
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Figure 7: Association between prenatal urinary levels (log-transformed) of 14 

phthalate metabolites (analyzed one by one) and parental reports of croup 

in children at 12 months of age, expressed as Odds Ratio (95% CI) adjusted 

for sex, mothers education, mother´s age, asthma in the family, smoking 

and creatinine in urine. 

The level of DiNP phthalate metabolite (MHiNP) in prenatal urine was 

significantly associated with wheezing, which was only found in girls. 

However, this result was not consistent throughout different analyses, 

and in the dose-response analysis the trend was not clear.  

No significant associations could be found between prenatal phthalate 

exposure and otitis media in the children during their first year of life, 

and no associations could be found for other phthalate metabolites. 

The prevalence of croup (9.5%) during the child´s first year of the 

current study is slightly lower than the approximately 15% that were 

reported in other studies (Bjornson et al., 2013; Charles et al., 2010; 

Everard, 2009). However, this difference could be due to the fact that 

children in the referred studies were slightly older; in the range of 6 to 

36 months with a peak during the second year of life (Everard, 2009). 

Our results indicate that prenatal exposure for phthalates can be a risk 

factor for airway inflammatory response to viral infection during 

infancy in offspring. However, to our knowledge no other studies have 

focused on this issue and the biological mechanisms behind such a 

potential association are largely unknown. Reinforcing the importance 
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of our present findings, other studies showed an association between 

early life infections or inflammatory responses (including croup) and 

asthma later in childhood (Nicolai et al., 1996; Van Bever et al., 1999). 

Van Bever et al. (1999) investigated the cumulative incidence of croup 

and recurrent croup by using ISAAC questionnaire in a group of 5,756 

of 5-8-year-old children in Antwerp, Belgium. Van Bever et al. (1999) 

reported croup and recurrent croup are associated with bronchial 

asthma, where the association essentially based on the presence of 

hyperactive airways.  

Even if the picture is quite unclear for croup, more data have found an 

association between prenatal exposure for BBzP and asthma and other 

allergic problems in children. Compared to children of mothers with 

MBzP concentrations in the first tertile, Whyatt et al. (2014) found 

relative risk for a history of asthma-like symptoms among those in the 

second tertile was 1.25 (95% CI: 0.94, 1.65). Just et al. (2012) reported 

that MBzP was associated positively with any report of eczema by 24 

months (RR = 1.52; 95% CI: 1.21, 1.91; p < 0.001, n = 113/376) after 

adjusting for specific gravity, sex, and race/ethnicity. Ku et al. (2015) 

identified that in boys, there was a significant association between the 

prevalence of ever wheezing and a maternal MBzP concentration 

greater than the 80th percentile (aOR = 4.95; 95% CI: 1.08–22.63). Hsu 

et al. (2012) showed that urinary metabolite, MBzP, was found to be 

higher in asthmatics compared to that of control subjects. 

Overall discussion of the findings 

This thesis identified soft PVC used in flooring material as a source for 

uptake of BBzP in pregnant women (Paper II), a finding supported by 

several other studies. The thesis further revealed that substitution of 

phthalates in soft PVC has an impact on urinary levels of such phthalate 

metabolites (Paper III), also reported in other studies. Finally, this 

thesis showed the use of PVC flooring in childhood to be a risk factor 
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Figure 8: Three papers of the thesis are put into the full chain model following 

phthalates (mainly BBzP) from sources over environmental exposures to 

human levels and finally to airway problems in children.  

for the development of asthma during the following 10 years (Paper I), 

and that prenatal exposure for BBzP and DEHP was related to croup in 

infants (Paper IV). The finding that the use of PVC can be related to 

airway problems in children has been reported by others, and some 

studies have also reported prenatal BBzP exposure to be associated to 

airway problems in children. 

Using the earlier introduced full chain model, we will hereby put the 

thesis results into a larger context to discuss how chemicals in a 

building material – exemplified here by PVC flooring – can be related 

to health outcomes in children (Figure 8). We will focus on BBzP since 

this compound has been identified as a critical phthalate in several 

aspects in the thesis. The scientific knowledge is consistent with the 

basic structure of the full chain model: 
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 Sources: By far, evidence has shown that BBzP is extensively 

used as plasticizers in soft PVC such as flooring materials, toys, 

etc., to improve the flexibility and workability of the material 

(Akovali, 2007; Koch et al., 2005; National Toxicology, 2003; 

Wittcoff et al., 2013; Yeang et al., 2010).  

 Environmental exposures: Consistent global data have 

shown that independent of where a dust sample is collected 

indoors, BBzP and other phthalates will be present. Numerous 

studies have shown that BBzP and other phthalates can be 

identified in both dust and air in homes and other environments 

such as day care centers and schools.  Sarka Langer et al. (2010) 

analyzed dust samples collected from 500 bedrooms and 151 

daycare centers of children (ages 3 to 5 years) in Denmark, and 

found that BBzP was detected in 82% of the bedrooms and in 

96% of the daycare centers. Furthermore, Adibi et al. (2003) 

indicated BBzP was 100% detectable in personal air samples of 

two populations of pregnant women in New York (N=30) and 

Krakow (N=30). Just et al. (2015)found that BBzP was found in 

100% of the dust samples from 239 children in New York City. 

In the Swedish DBH study, it was found detectable levels of BBzP 

in 79% of 346 dust samples (Bornehag et al., 2005). 

 Human uptakes (biomarkers): Consistent global data is 

showing that metabolites from BBzP and other phthalates can be 

identified in the urine of the general population, including 

pregnant women, infants, children, and adults. Data from 2,540 

NHANES subjects, which focused on the U.S. general population 

greater than 6 years of age, found that phthalate metabolites 

were 97% detectable (Silva et al., 2004). In Australia, Gomez 

Ramos et al. (2016) reported that phthalate metabolites MBzP 

were 100% detected in their pooled urine samples where 

subjects’ age ranged from 0 to >60. Shu et al. (In Manuscript) 

reported that MBzP was detected 70% in urine samples from 3 

months old infants in Canada. In Sweden, MBzP was detected in 

100% of the urine samples from 83 children age groups of 2 and 

6 months  (Carlstedt et al., 2013). Despite this, the most common 

method of identifying recent exposures to phthalates was using 

urine samples (studies have also measured phthalate 

metabolites in breast milk).  Main et al. (2006) examined 130 
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breast milk samples, which were collected from a prospective 

Danish–Finnish cohort study (1997 – 2001) and found that 

MBzP metabolites were detected in 100% of the samples. In a 

Swedish study of 42 mothers who delivered their first child at the 

University Hospital in Lund, Sweden, it was found that MBzP 

metabolite were detected in 100% of the samples (Hogberg et al., 

2008). Phthalates have also been found in cord blood, amniotic 

fluid and saliva (Silva et al., 2005; Tranfo et al., 2014). Silva et 

al. (2005) showed that saliva contains enzymes capable of 

hydrolyzing phthalate di-esters into their respective monoesters, 

and that MBzP was 44% detectable in 39 saliva samples and 30% 

of 155 serum samples from adults in U.S. Analyses of amniotic 

fluid samples (N=70) that were donated by pregnant women 

undergoing routine amniocentesis in Italy, showed that MBzP 

metabolites were detected in 79% of the samples (Tranfo et al., 

2014). 

There is obviously scientific data showing that phthalates can be found 

in different building materials and other products (sources), in indoor 

air and dust (environmental exposures), and in human fluids mainly 

measured in urine (human uptake). To better understand the full 

chain, we will further focus our examination on the role of indoor dust 

and air. 

Leakage of phthalates from PVC to indoor dust 

Our finding in paper II that the use of PVC flooring relates to urinary 

levels of BBzP metabolites in the pregnant women (Figure 8) can most 

likely be explained by leakage of the compound from PVC materials to 

the surrounding environment (and therefore found in indoor air and 

dust), and then taken up by humans (Bi et al., 2015). The Swedish 

DBH-study showed that PVC flooring in the home was significantly 

related to levels of BBzP in indoor dust, with the more rooms with PVC 

materials on the floors in the home, the higher levels of BBzP in the 

indoor dust (Bornehag et al., 2005). Another study from Bulgaria 

showed that the use of polishing products was also significantly 

associated with the concentration of BBzP in the indoor dust (Kolarik 

et al., 2008).  
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Phthalates in indoor air and dust and the relation to human levels 

In a study by Adibi et al. (2003) significant correlations were found 

between BBzP in personal air samples and urinary levels of MBzP (r = 

0.65, p < 0.01), DBP (r = 0.58, p < 0.01), and DEP (p = 0.42, p < 0.05), 

where each subject was enrolled during pregnancy at prenatal clinics 

in New York and Krakow. Adibi et al. (2008) reported further 

significant association between BBzP in indoor air and MBzP in urine 

(r = 0.71, p < 0.0001) and between BBzP in personal air and MBzP in 

urine (r = 0.48, p < 0.0001) during pregnancy. Beko et al. (2013), found 

significant (p<0.001) positive correlations between BBzP in dust 

samples and MBzP metabolite in urine samples that were collected 

from 431 children between 3 and 6 years of age. Hsu et al. (2012) 

reported a significant correlation between BBzP in settled dust 

collected from surfaces above the floor and MBzP (p=0.03) 

concentration in Danish children (3-9 years old) urine. Furthermore, 

BBzP in dust collected from the children's bedrooms and daycare 

centers significantly correlated with the concentrations MBzP in the 

children's (3-6 years old) urine in data from Denmark (S. Langer et al., 

2013). Finally, a study of 243 children in New York at the age of 5 years 

old, found that BBzP in collected indoor air samples was positively 

correlated to the urinary metabolite concentrations (Just et al., 2015). 

Phthalates in indoor dust and the association to airway problems 

With dust samples collected from 346 children’s bedroom, Bornehag et 

al. (2004b) indicated cross sectional associations between indoor dust 

exposure and allergic outcomes in young children. Cases with 

physician-diagnosed rhinitis or eczema had higher BBzP 

concentrations in the bedroom dust compared with controls. In 

Bulgaria, the concentration of BBzP was higher in the homes of 

children (N=102) with wheezing and eczema (both in the preceding 12 

months), though not significantly higher (Kolarik et al., 2008). In a 

study  that sampled settled dust from the homes of 101 children (3-9 

years old), in addition to the children’s corresponding urinary 

metabolites, Hsu et al. (2012) reported that a significant dose-

dependent effect (P-value for trend <0.05) was found between levels of 

BBzP in settled dust and the risk for being diagnosed as “case”, where 

cases were children who had at least two or more parent-reported 
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respiratory and allergic diseases (asthma, allergic rhinitis) or 

symptoms (wheezing, coughing at night, eczema, sneezing, runny or 

stuffy nose) during the preceding 12 months. 

The full chain for BBzP 

When the data in the current thesis is put into greater perspective by 

using the full chain model in described in Figure 8, and in the context  

of other available evidence, the following is suggested; 

 Phthalates, and especially BBzP, used as plasticizers in PVC 

flooring material can leak to the surrounding environment, and 

therefore be found in indoor air and dust; 

 Phthalates in indoor air and dust can be taken up by humans, 

and therefore found as biomarkers in urine and other human 

fluids in both pregnant women, infants and adults; and, 

 Phthalates exposure – both at given levels in indoor air and dust 

and as biomarkers in pregnant women – increase the risk for 

airway problems in children. 

If early life exposure for phthalates and especially BBzP and DEHP are 

risk factors for development of airway diseases in children, it is of 

course of the greatest importance to understand which biological 

mechanism that can explain such associations. Several phthalates, and 

especially BBzP and DEHP have been found to have anti-androgenic 

properties, meaning that they may interact with the natural hormone 

system in humans and animals with adverse health effects as a possible 

result; however, it is not clear if that is a mechanism of relevance for 

airway diseases in children. With the current thesis as a ground, we 

have no possibility to examine this issue. The result presented in this 

thesis, calls for further research into possible biological mechanisms.  

The thesis have shown that we can follow at least one phthalate, butyl 

benzyl phthalate, from sources to environmental exposures in indoor 

air and dust, and further to uptake in humans and measured as urinary 

levels, and finally to airway problems in children by the use of a full 

chain model. The thesis further reports that substitution of chemicals 

in soft PVC where e.g., DEHP have been replaced by other phthalates 

such as DiNP and DiNCH can be reflected as changes in urinary levels 
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in pregnant women over time. We have finally reported that exposure 

for phthalates in early life may increase the risk for airway disorders in 

children, and discussed that indoor air and dust may play a role for 

such associations. However, the biological mechanism explaining why 

such exposure should be related to airway problems in children is 

unclear and was not the focus of this thesis. 

Ethics consideration 

All participants participated freely and were eligible to withdraw at any 

time from the two presented cohort studies. Participants of SELMA 

study provided informed consent prior to their participation. Since 

DBH study is a questionnaire based study, no consent form was 

distributed. However, participants were informed about the study and 

freely to participate. Informed permissions were also obtained from 

participants for their unborn child (SELMA).  

One of the most basic ethical principles of epidemiology is the moral 

obligation to cause no harm to participants (Ahrens et al., 2005), and 

both DBH and SELMA research teams took participant privacy issues 

seriously. Due to the nature of these two studies, follow-up 

questionnaires and biological samples collection were required, and 

individual personal identifiers were also collected. Hard copy files 

containing personal identifiers were stored in a secured, locked 

location. Further, digital data is stored in a secured network drive, 

which only authorized personnel has the access. Removal of personal 

identifiers and generation of random identifiers are done prior to 

distribution of data for analysis. 

Since 2012, the SELMA study research team has organized annual open 

houses with the purpose to better communicate research information 

to participants. Such events can bring the individual-level awareness of 

environmental chemicals, allowing individuals the opportunity to 

discuss and seek the answers for the questions they may have.   

A public Health concern 

Staggering results between exposure to phthalates and airway health 

issues were reported in this thesis. These results should raise concerns 

on the impact of phthalates on human health. However, relative to 
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acute occupational toxic exposure, currently reported environmental 

exposure levels are low. Observed effect on individual level could be 

subtle and not considered as an overt effect. However, these subtle 

individual effects can be an indicator of a future risk to overt disease. 

Asthma is one of the major non-communicable, chronic diseases, and 

it is a common in children and considered a major public health issue.  

 

In U.S., asthma is also one of the leading causes of school absenteeism. 

According to the latest WHO report in 2017, approximately 383,000 

deaths attribute to asthma in 2015. Preventing the triggering of asthma 

can reduce the severity of asthma development. In 2015, U.S. Centers 

for Disease Control and Prevention reported that the asthma 

prevalence was approximately 8.4% in children and 7.6% in adults, and 

subsequent health care and social costs of asthma are substantial. 

Suijkerbuijk et al. (2013) recently reported an approximate annual cost 

of € 17.3 billion in EU, and EDC-attributable cost was approximately € 

1.73 billion in 2007. While this thesis was limited to airway related 

health issues, there is a long list of EDC-related health effects. Legler et 

al. (2015) reported that phthalate-attributable female adult obesity and 

diabetes were approximately € 15.6 and € 607 million, respectively, in 

the EU. 

Our data indicates that policy can predict exposure. For many long-

term disease (e.g., asthma) that has no current cure, minimizing 

exposure of EDCs such as phthalates could decrease the disease 

burden.  

Conclusion  

With data from two Swedish cohort studies, we followed phthalates 

from its sources, to human uptakes, to subsequently identify airway 

issues in children. During this process, we illustrated the decreasing 

trend of phthalates under strict regulations and how uses of its 

replacement are increasing. The full chain model in this thesis helped 

us to better understanding the life cycle of phthalates. It could be a 

fruitful method to contribute to the risk assessment of other EDCs in 

the future. 
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Living in a fast-paced life, we have unknowingly exposed ourselves and 

our children to chemicals that may harm human health. Our senses are 

not geared toward detecting the underlying dangers, but there are 

things we can do that can better protect ourselves and our next 

generation: 

 Suggestion: Increasingly, consumers are exhibiting prudence 

and caution when it comes to the food they eat by asking, and in 

some cases demanding, to know the ingredients in food 

products. Similarly, by raising the same question when it comes 

to the products that go into our home whether it contains 

phthalate, can make a difference.  

As we’ve shown, the ongoing regulations on phthalates have also been 

reflected on human uptakes, which means that a small change can 

make a difference; we as the end users of these products can also make 

small changes in our choices to possibly make a difference in our own 

health. We also have responsibility to protect future generations.   
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