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Abstract 

Phthalates are synthetic compounds that are widely used in building materials 

and consumer goods such as interiors, toys, perfume, and electronics. Their 

main use is as plasticizers in plastic materials such as polyvinyl chloride (PVC). 

As phthalates are not chemically bound to the plastic, they can leach and 

contaminate the surrounding environment, such as indoor dust and air. 

Exposure to phthalates has been linked to human health and development, and 

therefore an increasing regulation has been imposed. Still, humans remain 

exposed as non-restricted use continue. It is unclear how phthalate sources in 

our homes and indoor dust contribute to human intake and inflammatory 

airway symptoms in early life.   

 

This thesis aims to contribute to the broader understanding of phthalate 

exposure by exploring connections between phthalate sources in home 

environments, indoor environmental exposure, human intake, and airway 

symptoms among young children.  

 

The investigation was conducted in the Swedish Environmental Longitudinal 

Mother and child Asthma and allergy (SELMA) study, following families from 

pregnancy over birth and up to 2-years-of-age for the child. Measurements were 

made of seven phthalates and one non-phthalate plasticizer di-iso-nonyl-

cyclohexane-di-carboxylate (DiNCH) in indoor dust collected from families 

during pregnancy and six months after birth, and corresponding metabolites of 

these phthalates in the first trimester maternal urine. The information on health 

outcomes, building characteristics, and cofactors were collected through self-

administered questionnaires distributed during pregnancy (week 10 and 25) 

and after birth (1 and 2 years).  

 

The results show that phthalates were abundant in indoor dust, and that higher 

levels of three phthalates, di-n-butyl phthalate (DnBP), butyl benzyl phthalate 

(BBzP), and di-2-ethylhexyl phthalate (DEHP), were found in dust from homes 

with polyvinyl chloride (PVC) flooring material in bedrooms. There was a 

positive relationship between levels in dust and corresponding maternal urinary 

metabolites for four phthalates (di-ethyl phthalate [DEP], DnBP, di-iso-butyl 

phthalate [DiBP] and BBzP). PVC flooring was further associated with higher 

concentrations of BBzP metabolites in maternal urine, while no such 

relationship was found for the other metabolites that were analysed. Intake from 

dust and air in the home were estimated to contribute to 28% (median) of the 
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total daily intake of DnBP and DiBP combined, 12% to DEP, 2% to BBzP, and 1% 

to DEHP total intake among the pregnant women. Women living in homes with 

PVC flooring had a higher intake of BBzP and DEHP than those with other 

flooring materials, while no such difference was statistically significant for the 

other analysed phthalates. Finally, prenatal maternal urine concentrations of 

metabolites of BBzP, di-iso-nonyl phthalate (DiNP), di-iso-decyl phthalate 

(DiDP) and di-2-propylheptyl phthalate (DPHP) were associated with wheeze 

symptoms in children at 2-years-of-age. Indoor dust levels of DEP, BBzP and 

DEHP during infancy were associated with croup in the children.  

 

In conclusion, with data from the same study population, connections were 

made between a full chain of factors that are of importance for human phthalate 

exposure. Both regulated and non-regulated phthalates contributed to the 

associations between exposure and airway symptoms in children. Therefore, 

using new phthalates as replacements might not be optimal from a health 

perspective. The current results combined with knowledge of health effects from 

other studies implies that we could consider regulating phthalates as a group 

rather than as single compounds. The relationship between the observed effect 

among young children and airway disease in older children is unknown. 

However, the results indicate that limiting indoor phthalate sources and 

exposure during early development could benefit overall public health.  
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Sammanfattning 

Ftalater är en grupp syntetiska kemikalier som ofta används i vardagsprodukter 

och byggmaterial, t ex används ftalater som mjuk-görare i PVC-plast.  Ftalater 

binder normalt inte till plasten utan kan läcka ut i omgivningen under 

materialets hela livslängd. Ftalater som avges från olika källor kommer därmed 

att finnas i inomhusdamm och inomhusluft. Över tid har användningen av 

ftalater reglerats på grund av hälsorisker, men eftersom många källor har 

mycket lång livslängd exponeras människan idag både för reglerade och icke 

reglerade ftalater. Det är dock inte klarlagt hur ftalatkällor i våra hem bidrar till 

det totala ftalatintaget hos människor och hur exponeringen påverkar 

inflammatoriska luftvägssymtom hos små barn. 

 

Syftet med avhandlingen är att bidra till en djupare förståelse för hur källor i 

inomhusmiljön avger ftalater till damm och luft inomhus, hur sådan exponering 

bidrar till humanupptag av ftalater, och slutligen hur exponering för ftalater 

under tidigt liv bidrar till luftvägssymtom hos barn.  

 

Studien genomfördes i Swedish Environmental Longitudinal Mother and child 

Asthma and allergy (SELMA) studien, vilken följt familjer från tidig graviditet, 

över förlossning och upp till barnets 2-årsålder. Golvmaterial i familjernas 

bostäder har kartlagts med enkäter. Sju ftalater och en alternativ mjukgörare 

(DiNCH) har sedan mätts i inomhusdamm hos familjerna, både under 

graviditeten samt 6 månader efter förlossning. Vidare har ftalat-metaboliter 

från de sju ftalaterna mätts i urin från mödrarna under första trimestern av 

graviditeten. Information om hälsoutfall och bakgrundsfaktorer samlades in 

med hjälp av flera enkäter som distribuerades till familjerna under graviditeten 

och efter förlossningen. 

 

Resultaten visade att ftalaterna fanns i nästan alla familjers damm, och att 

halterna av tre ftalater (DnBP, BBzP och DEHP) var högre hos familjer med golv 

av PVC. Det fanns ett positivt samband mellan halterna i damm och 

motsvarande metaboliter i mammornas urin för de fyra ftalaterna DEP, DnBP, 

DiBP och BBzP. Det fanns vidare ett samband mellan golv av PVC i bostaden 

och BBzP metaboliter i mammans urin. Dammet i hemmet kunde förklara 

mellan 1-28% (median) av det totala dagliga intaget av de analyserade ftalaterna 

hos de gravida mammorna. Slutligen fanns det ett samband mellan prenatal 

exponering för metaboliter från fyra ftalater (BBzP, DiNP, DiDP och DPHP) och 

andningsbesvär (pipande väsande andning) hos barnen, samt mellan högre 



iv 
 

halter av tre ftalater i sovrumsdamm när barnet var 6 månader (DEP, BBzP och 

DEHP) och krupp hos barnen. 

 

Sammanfattningsvis så kunde ftalater följas genom en hel kedja av faktorer med 

betydelse för human exponering, i en och samma studiepopulation. Både 

reglerade och icke-reglerade ftalater bidrog till sambanden med humanintag 

och mellan exponering och luftvägssymtom hos barnen. Detta indikerar att det 

inte är optimalt att ersätta utfasade ämnen med andra nya ftalater. I 

kombination med andra forskningsstudier kan avhandlingens resultat ligga till 

grund för att överväga att reglera ftalater som en grupp, istället för riskvärdera 

en kemikalie taget. Sambandet mellan effekter på luftvägssymtom hos små barn 

och utveckling av luftvägssjukdom hos äldre barn är okänd, men resultaten 

indikerar att begränsningar av ftalatkällor och exponering under tidig 

utveckling kan begränsa skadlig exponering av kemikalier. Detta kan bidra till 

en bättre folkhälsa. 
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Terminology 

The terminology used in this thesis is based on the definitions by 

Zartarian et al. (2005): 

 

Source  The origin of a contaminant 

Exposure Contact between a contaminant and a human 

target 

Exposure pathway The course a contaminant takes from the source 

to the human target, e.g., via dust, air, or food to 

a human 

Exposure route The way a contaminant enters a human target 

after contact, e.g., ingestion, inhalation, or 

dermal absorption 

Intake route The way a contaminant enters a target through 

a specific exposure pathway, e.g., dust ingestion 

or air inhalation 

Intake The process by which a contaminant crosses an 

outer barrier and enters a target (i.e., through 

inhalation or ingestion) which may or may not 

result in uptake  

Uptake The process through which a contaminant 

crosses an absorption barrier (e.g., the skin or 

the mucosa of the airways or digestive system) 

into a tissue from which it can enter circulation. 
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1 Background 

Safe indoor environments, free from pollutants and hazardous 

contaminants, are essential to promote human health and achieve a 

sustainable future (World Health Organization [WHO], 2015). One of 

the most abundant groups of indoor contaminants is ortho-phthalate 

diesters, or phthalates for short (Lucattini et al., 2018). This is a diverse 

group of synthetic compounds commercially used in consumer goods 

since the 1940s. Although phthalates are biodegradable and not toxic 

in the acute sense in non-industrial settings, concern about their safety 

has been raised for over 40 years (Colborn et al., 1993). 

 

1.1 Phthalates: Abundant indoor contaminants 
The dominant use for phthalates has been as plasticizers. Plastics 

softened with phthalates are used in numerous building materials, 

interiors, and a wide range of consumer goods (Swedish Chemical 

Agency [SCA], 2015). To a lesser extent, phthalates are also used as, 

e.g., solvents, lubricants, thinners, sealants, and stabilizers in 

numerous products (SCA, 2015). Many of these products are used in 

our homes and other indoor spaces. Phthalates do not form strong 

chemical bonds to the material or product to which they are added, and 

can therefore migrate and leach out into the surrounding environment 

(Bornehag et al., 2004; Fromme et al., 2013).  

 

Today, there is clear evidence from population based epidemiological 

studies linking effects on human health and development to exposure 

of several phthalates, e.g., di-n-butyl phthalate (DnBP), butyl benzyl 

phthalate (BBzP), and di-2-ethylhexyl phthalate (DEHP). Of these, 

DEHP has been most widely used (SCA, 2015). Health hazards include 

reproductive effects (Bornehag et al., 2015; Radke et al., 2018; Swan et 

al., 2005), cognitive and neurobehavioural outcomes (Bornehag et al., 

2018; Braun, 2017; Day et al., 2021; Engel et al., 2021; Tanner et al., 

2020), and more generally endocrine disruption (Bergman et al., 

2013). These effects have largely been verified by controlled 

experimental studies in animal and cell models (Bergman et al., 2013; 

Dorman et al., 2018; Engel et al., 2021).  
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1.2 Restricted use of phthalates 
The use of phthalates has been increasingly regulated over the last two 

decades, e.g., in toys, child-care products and building materials, 

although the restrictions vary between countries (Bui et al., 2016; SCA, 

2015). Some existing restrictions are listed in Table 1. 
  

Table 1. Registered use and risk categorization of phthalates and the non-phthalate 

replacement DiNCH in the EU, and some examples of existing restrictions  

Compound 
(abbrev.) 

EU use 
(ton/year)a EU risk category 

Examples of restrictions 
in the EU, US and Chinab 

Diethyl 
phthalate ≥ 1,000 

No classified hazards.  
Under assessment as 
endocrine disrupting 

Not regulated 
(DEP) 
Di-n-butyl 
phthalate ≥ 1,000 

Toxic to reproduction, 
endocrine disruptive,  
under assessment as 
toxic. May damage the 
unborn child and fertility 

EU: Banned since 2018 
US: Banned in toys (2008)c 

China: Restrictions for child 
care articlesd and food-
contact materials 

(DnBP) 

Di-iso-butyl 
phthalate ≥ 1 

 
 

Toxic to reproduction, 
endocrine disruptive. 
May damage the unborn 
child and fertility 

EU: Banned since 2018 
 (DiBP) 

Butyl benzyl 
phthalate 1 - 10 

 
 

Toxic to reproduction, 
endocrine disruptive. 
May damage the unborn 
child, suspected of 
damaging fertility 

EU: Banned since 2018 
US: Banned in toys (2008)c 

China: Restrictions for child 
care articlesc and food-
contact materials 

(BBzP) 

Di-2-
ethylhexyl 
phthalate  

10,000 -  
100,000 
 

Toxic to reproduction, 
endocrine disruptive. 
May damage the unborn 
child, suspected of 
damaging fertility 

EU: Banned since 2018 
US: Banned in toys (2008)c 

China: Banned in children’s 
articlesc, restrictions i 
medical equipment, food-
packaging 

(DEHP) 

Di-iso-nonyl 
phthalate 100,000 - 

1,000,000 
No hazards have been 
classified 
 

EU: Some restrictionsd 
US: Some restrictions in toysc 
China: Restricted in food-
contact materials 

(DiNP) 

Di-iso-decyl 
phthalate ≥ 10 000 

Very toxic to aquatic life 
with long lasting effects 

EU: Some restrictionsd 
US: Some restrictions in toysc 

(DiDP) 
Di-2-
propylheptyl 
phthalate 

100,000 - 
1,000,000 

No hazards have been 
classified. Under 
assessment as endocrine 
disrupting 

Not regulated 

(DPHP) 

Non-phthalate plasticizer 
Di-iso-nonyl 
cyclohexane-
1,2-di-
carboxylate 

≥ 10,000 No hazards have been 
classified 

 
Not regulated 

(DiNCH) 
a Manufactured in and/or imported to the European Economic Area (ECHA, 2021) 
b Christia et al. (2019); Gao et al. (2018); Lioy et al. (2015); Wang and Qian (2021) 

c Children’s toys and care articles, levels >0.1% (weight/weight) 

d Annex XVII of the EU regulation REACH (European Chemicals Agency [ECHA], 2021) 
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To replace the regulated phthalates, new plasticizers have been 

increasingly commercially used. New plasticizers include other 

phthalates, such as di-iso-nonyl phthalate (DiNP), di-iso-decyl 

phthalate (DiDP), and di-2-propylheptyl phthalate (DPHP) that have a 

slightly higher molecular weight than the old phthalates (Bui et al., 

2016). Alternative compounds with similar chemical structures have 

also been introduced, such as the non-phthalate di-iso-nonyl-

cyclohexane-di-carboxylate (DiNCH) (Bui et al., 2016). Several 

replacement phthalates, such as DiNP and DiDP, have also been 

regulated due to concerns for health effects in children (Christia et al., 

2019).  

 

Nevertheless, the global use of phthalates in consumer goods is still 

widespread. The global yearly production more than doubled from 2.7 

to nearly 6 million tons/year between 2007 and 2017 (Gao et al., 2018). 

In the European Union (EU), the use of banned DnBP, di-iso-butyl 

phthalate (DiBP), BBzP, and DEHP have decreased since 2009. At the 

same time, the replacements DiNP, DiDP and DPHP now make up a 

larger proportion of the EU plasticizers market than in other parts of 

the world (Bui et al., 2016; SCA, 2015). In China and the global market, 

DEHP is still the dominant plasticizer (Gao et al., 2018; SCA, 2015). 

Table 1 shows examples of use and risk categorization of some 

phthalates in the EU. Also, despite containing regulated phthalates, 

durable materials and products with long life-cycles may remain in use 

and contribute to human exposure for decades after regulation 

enforcement (Bui et al., 2016). For these reasons, phthalates can be 

expected to remain ubiquitous contaminants in indoor dust and air for 

a considerable time. 

 

1.3 Airway conditions in children: A public health concern 
Airway conditions that involve inflammatory responses make up a 

significant disease burden among children (Driscoll et al., 2020). 

Hyper-active inflammatory airway responses can lead to reduced 

airflow and breathing difficulties, which in time may cause severe 

respiratory failure (Driscoll et al., 2020; Katz et al., 2019; Mazurek et 

al., 2019). This is a leading cause of hospitalization among young 

children (Driscoll et al., 2020; Mazurek et al., 2019). The most frequent 

reasons for acute inflammatory responses are viral infections or 
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asthma (Ducharme et al., 2014). In young children, wheeze and croup 

are common symptoms of a limited airflow caused by airway 

inflammation (Bjornson & Johnson, 2008; Herzog & Cunningham-

Rundles, 2011).  

 

1.3.1 Wheeze and croup 
Wheeze is a common airway symptom among children. It is a 

continuous, high-pitched sound usually caused by constriction of the 

lower airways (Driscoll et al., 2020; Katz et al., 2019). The prevalence 

varies between countries and regions, but some studies report that up 

to 50% of children may experience wheeze sometime during childhood 

(Patel et al., 2008). Early childhood wheeze is a risk factor for asthma, 

although many children grow out of wheeze symptoms without 

developing asthma later in childhood (Herzog & Cunningham-

Rundles, 2011).  

 

Croup (here meaning pseudocroup or acute subglottic laryngitis, which 

is not associated with diphtheria) is categorized by a barking cough and 

acute breathing difficulties caused by swelling in the upper airways. It 

is most common among young children between 6 months and 3 years-

of-age, with a prevalence of around 15% (Mazurek et al., 2019). 

Although the symptoms can be severe, they are usually self-limiting 

(Bjornson & Johnson, 2008). There may be a relationship between 

croup and asthma, but no clear link has yet been identified (Bjornson 

& Johnson, 2008; Mazurek et al., 2019; Pruikkonen et al., 2009). 

 

1.3.2 Asthma 
Asthma is a chronic respiratory disease that is common among children 

and adults. It is characterized by recurrent airway obstruction, 

inflammation, and hyper-responsiveness, and it is a complex disease 

with multiple phenotypes (Driscoll et al., 2020; Herzog & 

Cunningham-Rundles, 2011). Diagnosing asthma in preschool children 

is difficult since young children are not able to perform all diagnostic 

tests. Early inflammatory airway symptoms (such as wheeze) can be 

used as markers for asthma development (Herzog & Cunningham-

Rundles, 2011). 
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The prevalence of asthma increased sharply between the 1950s and 

early 2000s. The cause is not understood but may involve 

environmental exposures (Asher et al., 1995). Phthalate exposure in 

early life has been suggested to contribute to wheeze and asthma 

development, but the picture is unclear (Bornehag & Nånberg, 2010; 

Casas & Gascon, 2020). Known risk factors for childhood asthma 

include (but are not limited to) allergic sensitization, family history of 

asthma and allergy, maternal smoking during pregnancy, severe 

respiratory tract infections, and exposure to allergens or ambient air 

pollution (Beasley et al., 2015; Stern et al., 2020). In addition, evidence 

also suggests that exposure to chemical contaminants and home 

cleaning products may be contributing risk factors (Parks & Takaro, 

2020; Stern et al., 2020).  

 

1.4 From sources to health risks: The full chain model 
The presence of sources of phthalates in the environment alone is not 

sufficient to expect an increased risk for human health effects. The full 

chain model (Figure 1), also called “a model of chemical fate”, follows 

contaminants from sources over environmental exposure to human 

internal exposure, uptake and health effects.  

 

 

Figure 1. The full chain model follows chemicals from sources over environmental 

exposure to human intake and health effects whilst considering environ-

mental modifying factors, the importance of exposure pathways for human 

uptake, and explanatory biological mechanisms (Bornehag et al., 2012)  
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It is a tool for understanding and evaluating how chemicals may 

contribute to adverse health effects (Bornehag et al., 2012). This 

includes understanding how chemical emissions can be modified by 

physical and environmental factors, how different exposure pathways 

contribute to uptake, and considers biological mechanisms that can 

explain effects on health and development.    

 

For a health effect to occur, the contaminant must generally be emitted 

from its source into the surrounding environment and reach a human 

in a large enough bioavailable dose to have a biological impact on the 

exposed tissue (US Environmental Protection Agency [EPA], 2021; Wei 

et al., 2018). The full chain model constitutes a conceptual base for 

establishing relevant scientific knowledge for chemical risk 

governance. 

 

The full chain model also highlights how multi-disciplinary knowledge 

is needed to ensure adequate risk management. Epidemiological 

research is an essential part alongside, e.g., toxicology, engineering, 

chemistry, biology, and medicine. A combination of observational and 

controlled experimental studies across these fields are needed to 

determine the relationships described by the full chain model.  

 

1.4.1 Sources of phthalates in our everyday lives 
Sources of phthalates make up the first link in the full chain model. 

Several examples of phthalate sources are listed in Table 2. The main 

use for phthalates is as plasticizers in plastic materials. Production of 

polyvinyl chloride (PVC) plastic, a material also known as vinyl, 

dominate the use of phthalates. PVC plastics are found in a wide range 

of building materials and consumer goods such as flooring material, 

window frames, packaging, electric cables, shower curtains, synthetic 

leather, clothes, shoes, accessories, car interiors, medical tubing, and 

many more (SCA, 2015; Wormuth et al., 2006). 

 

This wide use is due to phthalates being inexpensive and durable 

plasticizers. When they are added to hard and brittle polymers, such as 

PVC, the mixtures become soft and useful materials (SCA, 2015). Since 

the phthalates are not covalently bound to the polymer matrix, they can 

migrate from the plastic and leach into the surrounding environment.  
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Table 2. Examples of products and materials which can contain and release 

phthalates, as stated by the European Chemicals Agency (ECHA, 2021) 

Materials with 
phthalates Examples of products or materials Phthalates 

Plastics Food packaging and storage, toys, mobiles All 

Rubber Tyres, shoes, toys, sport and leisure 

equipment 

DnBP, DiBP, BBzP, 

DEHP, DiNP 

Leather  Gloves, shoes, purses, furniture DiBP, BBzP, DEHP 

Textile Fabric, clothing, mattress, curtains, carpets, 

textile toys 

BBzP, DEHP 

Use which releases phthalates  

Intended phthalate 

release 

Scented products, e.g., perfumes, erasers, 

toys, paper products, and clothes 

DEP 

Complex articles  

(no release 

intended) 

Electronics (computers, cameras, etc.), 

lamps, appliances (refrigerators, washing 

machines, etc.), vehicles, and batteries 

All  

Indoor use of 

products (likely 

release) 

Machine wash liquids/ detergents, 

fragrances and air fresheners 

DEP, DnBP, BBzP, 

DEHP 

Cosmetics and personal care products, 

pharmaceuticals, polishes and waxes 

DEP 

Fillers, putties, plasters, modelling clay and 

polymers 

DEP, DiBP 

Paints, coatings, and adhesives DEP, DnBP, DiBP, 

BBzP, DEHP  

Sealants and adhesives DiNP 

Long-life indoor 

materials (slow 

release rate) 

Flooring, furniture, construction materials, 

curtains, foot-wear, leather products 

(gloves, purses, furniture), paper and 

cardboard, electronics  

All  

Long-life indoor 

materials (high 

release rate) 

Release from fabrics and textiles during 

cutting and washing, or removal of indoor 

paints 

DnBP, DiBP, BBzP  

Long-life outdoor 

materials (slow 

release rate) 

Metal, wooden and plastic construction and 

building materials 

All 

Long-life outdoor 

materials (high 

release rate) 

Tyres, treated wooden products, treated 

textile and fabric, brake pads in trucks or 

cars 

DiBP  

 
 

Phthalate emissions have been observed from various consumer goods 

such as mattress covers (Liang & Xu, 2014), wallpapers, electric cables, 

refrigerator strips, and PVC skirting boards (Afshari et al., 2004). The 

phthalate emission rate from PVC floorings and similar products is 

relatively low. Therefore, durable long-use interiors can behave as 

permanent emission sources throughout their use (SCA, 2015; 

Wormuth et al., 2006). 



8 
 

Phthalates are also used in cosmetics, personal care products 

(including perfumes, nail varnish, skin lotions, and soap), cleaning 

agents, adhesives, waxes, paint, and pharmaceuticals (SCA, 2015). The 

use of such products can also result in phthalate emissions, as shown 

in Table 2 (Afshari et al., 2004; Lucattini et al., 2018; Salthammer et 

al., 2018). Compared to plastic materials, phthalates may evaporate 

faster from products such as perfume, nail varnish, paint, and 

adhesives. This may result in indoor emission peaks as the products are 

used (SCA, 2015). Independent of the source, phthalates that have 

leached from their original matrix can accumulate in an indoor 

environment (Lucattini et al., 2018). 

 

1.4.2 Environmental exposure: Phthalates in dust and air 
The second link in the full chain model is environmental exposure, i.e., 

the pathways through which humans can be exposed. Phthalates are 

semi-volatile compounds, and once emitted from a source, they 

partition between two states: evaporating into the air (gas phase) or 

adhering onto indoor particles and surfaces (Weschler et al., 2008). 

Dust is generally defined as fine particles that may become airborne 

but will eventually settle after being suspended into the air (WHO, 

1999). Particles that are so fine that they, unlike dust, will not settle are 

called particulate matter. Smaller particles have large surface-to-

weight ratios. That means smaller particles can carry larger amounts of 

phthalates by weight (Weschler et al., 2008). 

 

Phthalate levels in indoor dust are strongly related to the available 

sources of emission (Lucattini et al., 2018) and the total amount of 

emitted phthalates (Salthammer et al., 2018; Weschler et al., 2008). 

Therefore, dust can be an indirect indicator of indoor phthalate 

contamination (Whitehead et al., 2011). The presence of PVC flooring 

in homes, pre-schools and offices has been linked to increased levels of 

phthalates in the dust (Bi et al., 2018; Christia et al., 2019; Larsson et 

al., 2017). The Swedish Dampness in Buildings and Health (DBH) 

study showed that the number of rooms with PVC flooring in a home 

correlated with the indoor dust levels of BBzP and DEHP (Bornehag, 

Lundgren, et al., 2005).  
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Apart from the contributing sources, phthalate levels in dust and air 

are also influenced by a range of modifying factors, including 

temperature, humidity, dust removal, and ventilation (Lucattini et al., 

2018; Wei et al., 2018). Such factors may affect phthalates differently, 

depending on the physicochemical molecular properties of each 

phthalate (e.g., molecular weight, volatility and water solubility) (Wei 

et al., 2018). These properties are determined by the unique chemical 

structure of the two carbon molecular side chains for each phthalate 

(Appendix, Table A1). Generally, phthalates with short and straight 

side chains are more volatile and water-soluble than longer and more 

complex structures (Weschler et al., 2008). These properties also 

influence how each phthalate may enter the human body. 

 

1.4.3 Human intake and biomarkers of exposure  
The third link in the full chain model illustrates contaminants that 

enter our bodies and become detectable as biomarkers in, e.g., urine, 

blood, or breastmilk. As phthalates are emitted into our indoor 

environments, dust and air can become relevant pathways for human 

exposure, resulting in internal exposure (intake) from dust ingestion, 

dust contact with the skin, inhalation of air and dust particles, and 

dermal absorption from the air. The contribution from each exposure 

route, such as dust or air, to the total intake varies for each phthalate 

and depends on environmental factors and toxicokinetic processes 

(Salthammer et al., 2018). Intake may result in absorption into a tissue 

that allows phthalates to enter circulation (uptake). Uptake can be 

indirectly estimated from biomarker measurements. 

 

Phthalates are degradable, non-persistent compounds that do not 

bioaccumulate. Instead, they are metabolized, e.g., in the liver, and 

often rapidly within 24h (Andersen et al., 2018; Anderson et al., 2011; 

Frederiksen et al., 2007; Koch et al., 2013). In this process, the parent 

diester phthalates are broken down into monoesters. For phthalates 

with higher molecular weights, several other oxidative metabolites are 

also produced. These metabolites are then excreted from the human 

body, mainly via urine (Anderson et al., 2011). Both metabolites and 

diesters of e.g., DEHP are believed to have biological effects, although 

it is unclear to what extent effects may differ (Sheikh et al., 2016).  

Phthalate metabolites in urine are frequently used as biomarkers of 
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human exposure since the risk of cross-contamination during sample 

collection and analysis is lower than for the parent compounds (Wang 

et al., 2019). Analysis of urine collected from children and adults 

worldwide clearly shows that phthalate exposure is ubiquitous, 

although the exposure varies between regions and over time (Koch et 

al., 2017; Shu, Jonsson, et al., 2018; Wang et al., 2019).  

 

Unintentional dust ingestion can contribute to phthalate intake (e.g., 

from hand to mouth) although this is a limited exposure route for 

adults. Inhaled dust particles are often trapped within the airways and 

transported up to the oesophagus to be swallowed, and also 

contributing to ingestion intake (EPA, 2017). Particulate matter and air 

can be inhaled deeper into the lungs, their contribution to phthalate 

intake from inhalation is more relevant than for dust (Andersen et al., 

2018). Human skin is exposed to phthalates in the air which can result 

in dermal absorption (Morrison et al., 2016).  

 

Previously, phthalate intake from residential dust and air has been 

estimated for adults in several studies (Appendix, Table A2). However, 

the sample sizes are relatively small (11<N<145) and mainly based on 

theoretical reference values rather than data of the population from 

which the dust was collected (e.g., body weight and age). Phthalate 

metabolite concentrations have been analysed in urine from pregnant 

women in a large number of studies, as reviewed by, e.g., Lioy et al. 

(2015) and Wang et al. (2019). Several of these studies have also 

estimated the total daily phthalate intake for the women (Wang et al., 

2019). 

 

Despite this previous research, the contribution of intake from dust to 

the total phthalate intake has only been estimated in a few studies 

(Table 3). Some used theoretical reference values unrelated to the 

population where the samples were collected and small sample sizes. 

The contribution from dust to total phthalate intake is even less 

explored for pregnant women than adults. A positive correlation 

between concentrations in air and corresponding metabolites in urine 

was found for DEP, DiBP and BBzP among pregnant women in two 

small studies, but the intake was not estimated (Adibi et al., 2003; 

Adibi et al., 2008). Therefore, the knowledge of how dust contributes 



11 
 

to phthalate intake among pregnant women, and subsequent prenatal 

exposure is limited. 

 

Table 3. Studies of phthalates in residential dust and/or air and corresponding 

metabolites in urine among adults 

Study 
Size 
(N) 

Expo-
sure 

Intake 
estimation Study population and method 

Adibi et al. 

(2003) (US) 
25 Air None 

Pregnant 

women 

Air and urine were collected 

from the same population 

Adibi et al. 

(2008) (US) 
62 Air None 

Pregnant 

women 

Air and urine were collected 

from the same population 

Giovanoulis 

et al. (2018) 

(Norway) 

61 

Dust 

and 

air 

Ingestion, 

inhalation, 

dermal 

absorptiona 

Adults 

Dust, air and urine were 

collected from the same 

population. Person-by-

person population data 

Guo and 

Kannan 

(2011) (US 

and China) 

33 

and 

75 

Dust 

Ingestion, 

inhalation, 

dermal 

absorption 

Adults 

Dust and urine from 

different populations. 

Theoretical reference values   

 Liu et al. 

(2019) 

(China) 

141 Dust 

Ingestion, 

inhalation, 

dermal 

absorption 

Adults 

Dust and urine were 

collected from the same 

population. Theoretical 

reference values 

Shi et al. 

(2021) 
47 Dust Ingestion Mothersb 

Dust and urine were 

collected from the same 

population. Person-by-

person population data 
a Dermal absorption from personal care products, dust and air 
b Mothers of children aged 0-7 years 

 

1.4.4 Effects: Phthalate exposure and airway symptoms  
The fourth link in the full chain model is the effect on health and 

development. Phthalate exposure during early life is of particular 

concern since several phthalates may disrupt important processes 

during human development (Bølling et al., 2020; DeWitt & Patisaul, 

2018). The development of the respiratory system is initiated during 

the early fetal development as embryotic progenitor cells go through a 

rapid cell division and differentiation, which forms the complete 

airway structure with the main cell types before mid-pregnancy 

(Nikolic et al., 2018). Several cell types, such as structural epithelial 

cells and macrophages, play essential roles in both the respiratory and 

the immune systems (Bølling et al., 2013; Nikolic et al., 2018). 
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Although highly regulated, interactions between these systems, other 

tissues, and environmental factors shape the developmental processes 

(DeWitt & Patisaul, 2018; Pinkerton & Joad, 2006).  

 

Since the respiratory and immune systems are not mature at birth, 

important development continues through childhood, particularly 

during the first three years of life (Nikolic et al., 2018; Pinkerton & 

Joad, 2006; von Mutius & Smits, 2020). Modulation during early 

development may persist through adulthood, and harmful exposure 

may result in adverse health effects later in life (DeWitt & Patisaul, 

2018; Grandjean et al., 2019). 

 

Phthalate exposure and endocrine regulation 

Endocrine regulation is crucial in human development (DeWitt & 

Patisaul, 2018; Kamai et al., 2019; Sathyanarayana et al., 2017). Several 

phthalates, such as DnBP, BBzP and DEHP, have been shown to 

interfere with hormones function in animals and humans and are 

classified as endocrine disruptive compounds (EDCs) (Gore et al., 

2015). Experimental studies show that phthalate exposure can affect 

the function of steroid sex hormones, although the precise effects 

among humans are unclear (Casas & Gascon, 2020; Gore et al., 2015; 

Kamai et al., 2019; Sathyanarayana et al., 2017). Steroid sex hormones 

are involved in many regulatory processes, including airway 

functioning, and well documented sex-specific differences in asthma 

development indicate that endocrine mechanisms may be involved 

(Yung et al., 2018). Therefore, early-life phthalate exposure may have 

the ability to influence the regulation of airway development, and 

sensitive time windows for exposure (Bølling et al., 2020; Grandjean et 

al., 2019).   

 

Phthalates in the environment and airway effects  
In Europe and many parts of the world, people spend on average 85% 

of their time indoors and the indoor environment is important for our 

health (European Environment Agency [EEA], 2015). In previous 

studies, interiors made of polyvinyl chloride PVC plastics have been 

associated with childhood asthma (Larsson et al., 2010; Shu et al., 

2014) and wheeze (Jaakkola et al., 2004; Jaakkola et al., 2000) in 
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children aged 1-13 years (Appendix, Table A3). Dust levels of 

phthalates, mainly BBzP and DEHP, have been linked to childhood 

wheeze, asthma and rhinitis in studies of children aged around 3-9 

years (Appendix, Table A4).  

 

Phthalate exposure during pregnancy and airway effects 
Phthalate metabolites have been detected in amniotic fluid, placenta, 

and cord blood, which indicates that the fetus is exposed to these 

compounds and possibly also the parent diester phthalates (Jensen et 

al., 2012; Mose et al., 2007; Silva et al., 2004; Tang et al., 2020). 

Several longitudinal studies have investigated the relationship between 

phthalate metabolite concentrations in maternal urine during 

pregnancy and childhood asthma and airway symptoms (Appendix, 

Table A5).  The results indicate that higher prenatal phthalate exposure 

is associated with increased risk (mainly BBzP and DEHP). However, 

few studies have investigated the effect of exposure during early 

pregnancy or included the increasingly used replacement phthalates. 

Some studies report contradictive results, such as protective effects 

(Buckley et al., 2018) or no effects (Jøhnk et al., 2020). 

 

Hence, previous studies have identified links between single factors of 

the exposure chain. However, the results come from different study 

populations in many countries and are generally based on small sample 

sizes that limit how the results can be compared, interpreted, and 

connected. This is further complicated by the different time points for 

which the exposure and health outcomes were assessed in different 

studies.  

 

To evaluate what risk phthalate sources in our homes may pose, we 

need to better understand how the indoor environment contributes to 

human phthalate intake, particularly during pregnancy. We must also 

better understand how phthalate exposure in the indoor environment 

poses a risk for children. By analysing data from the same study 

population, the complete path of relationships that determine human 

exposure can be followed in a more meaningful way, as described by 

the full chain model.  
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2 Aim of the thesis 

The overall aim of this thesis is to contribute to the broader 

understanding of phthalate exposure by exploring connections 

between phthalate sources in home environments, indoor 

environmental exposure, human intake, and airway symptoms among 

children, and ultimately:  

 

 Evaluate phthalate levels in indoor dust and their relationship 

with PVC flooring 

 Estimate how phthalates in indoor dust contribute to human 

phthalate intake  

 Examine associations between prenatal and postnatal phthalate 

exposure and airway symptoms in children 

 

3 Methods 

This thesis is based on four quantitative studies and utilizes data 

collected in the Swedish Environmental Longitudinal Mother and child 

Asthma and allergy (SELMA) study.  

 

3.1 The SELMA study 
SELMA is a prospective pregnancy cohort study following approx-

imately 2,000 mother-child pairs. SELMA is designed to investigate 

the importance of early life exposure to environmental factors during 

pregnancy and infancy, and their significance for health and 

development in children. The participants were recruited in the County 

of Värmland, Sweden, a region with approximately 273,000 residents 

during recruitment (Bornehag et al., 2012). Pregnant women were 

recruited between September 2007 and March 2010, at their first visit 

to their public antenatal centre. Eligibility criteria included under-

standing written Swedish and not being beyond week 22 in pregnancy.  

 

Of the 6,658 eligible pregnant women that were invited, 2,582 (39%) 

agreed to participate. Ninety-six percent of women were enrolled 

before gestational week 13, (median enrolment at 10th week of preg-

nancy). Women who declined participation were given a short non-
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respondent questionnaire which showed that they were somewhat 

younger, more likely to smoke, less educated, and less likely to have a 

family history of asthma or allergy than the participants. A more 

detailed description of the study design and recruitment process can be 

found in Bornehag et al. (2012).  

 

3.2. Data collection in the SELMA study 
Data was collected through questionnaires, environmental sampling of 

indoor dust, and bio sampling of blood and urine from the pregnant 

mothers in the SELMA study. 

 

3.2.1. Questionnaires 
The information on health outcomes and building characteristics were 

collected through self-administered questionnaires. These were 

distributed to the SELMA families at enrolment and at later time points 

as described by Bornehag et al. (2012) (more information is available 

at the website www.selmastudien.se). The health outcomes retrieved 

for this thesis were asthma and allergy in the family (collected at 

enrolment), ever croup in the child (collected at 12 months after birth) 

and ever wheeze in the child (collected at 24 months after birth). 

Airway outcomes were evaluated with core questions from 

the validated and internationally recognized International Study 

of Asthma and Allergies in Childhood (ISAAC) (Asher et al., 1995).  

 

The information on cofactors was collected at three time points. At 

enrolment, back-ground information (asthma and allergy in the 

family), home charact-eristics (bedroom flooring material, type of 

dwelling, living location and size of home), mother’s education, age, 

and lifestyle factors (smoking, pets, and cleaning habits) were 

collected. Around week 20 of pregnancy, maternal weight and height 

were collected. At 12 months after the birth of the child, information on 

pets and cleaning habits were collected a second time.  

 

3.2.2 Phthalate levels in indoor dust 
Settled indoor dust was collected twice in the home of each family by 

the participants themselves. The first prenatal sample was collected 

around week 25 of pregnancy, followed by a postnatal sample collected 
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six months after birth. The sampling equipment was distributed to the 

families with detailed manuals describing the sampling procedure. 

Prenatal dust was collected in the mother’s bedroom and postnatal dust 

in the room where the child usually slept, from surfaces above floor 

level. Dust from elevated surfaces, such as shelves and skirting boards, 

was chosen over floor dust to acquire more homogenous samples with 

finer particles. A filter sock attached to the family vacuum cleaner was 

used for the collection. Following completion, the filter with its dust 

content was immediately placed in air-tight polypropylene tubes by the 

participants, distributed to the SELMA officials, and stored at -20° C 

until chemical analysis.  

 

The dust was analysed for seven phthalates and DiNCH (Table 4) using 

GC-MS/MS as described by Weiss et al. (2018), and the results were 

reported as mass fractions (µg/g dust). Analysis quality measures 

included using glass equipment washed with ethanol, background 

contamination assessment, and instrumental performance determined 

by analyses of spiked samples. Further quality assurance/quality 

control information is available in the supplementary information of 

Study II and Study IV. 

 

3.2.3 Biomarkers of phthalates in urine 
Maternal urine was collected at enrolment, i.e., the first trimester of 

pregnancy. The urine was stored frozen (-20 °C) in a biobank until 

analysis. Urine samples were analysed for 14 metabolites from eight 

parent compounds (Table 4) using LC-MS/MS as previously described 

by Bornehag et al. (2015) and reported as ng/mL. The common names 

and CAS-numbers of the compounds included in dust and urine 

chemical analysis are presented in Table 4. More specific chemical 

names and molecular structures of the parent compounds are available 

in the Appendix, Table A1.  

 

The chemical analysis of both dust and urine was performed at the 

Department of Occupational and Environmental Medicine at Lund 

University, Lund, Sweden. In chemical analysis, the separation of the 

metabolites mono-n-butyl phthalate (MnBP) and mono-iso-butyl 

phthalate (MiBP) is uncertain since their spectral lines overlap. 

Therefore, they were analysed as one, hereinafter named mono-butyl 
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phthalate (MBP). Summary concentrations for DEHP and DiNP were 

calculated by multiplying the molar sum of the corresponding 

metabolites with the molecular weight of the parent compound. 

 

Table 4. Names and CAS numbers of the phthalates analysed in dust and their 

corresponding metabolites analysed in urine 

 

a Not included in phthalate analysis of dust 
b Metabolite of both DiDP and DPHP  
 

 

The urine creatinine concentration was quantified and used to measure 

urine dilution (Mazzachi et al., 2000). Creatinine is produced in the 

muscle metabolism and has a relatively constant release rate in the 

human body. In Study II, the phthalate metabolite concentrations were 

reported as mass fractions (µg/g creatinine) to suit the intake 

Dust analysis  Urine analysis 
Phthal-
ate 

Common 
name CAS Metabolite Common name CAS 

DEP Di-ethyl 

phthalate 

84-66-2 MEP Mono-ethyl phthalate 2306-33-4 

DnBP Di-n-butyl 

phthalate 

84-74-2 

MBP  

MnBP Mono-n-butyl phthalate 131-70-4 

DiBP Di-iso-butyl 

phthalate 

84-69-5 MiBP Mono-iso-butyl phthalate 30833-53-5 

BBzP Butyl benzyl 

phthalate 

85-68-7 MBzP Mono-benzyl phthalate 2528-16-7 

DEHP Di-2-

ethylhexyl 

phthalate 

117-81-7 MEHP Mono-ethyl-hexyl 

phthalate 

4376-20-9 

MEHHP Mono-ethyl-hydroxyl-

hexyl phthalate 

40321-99-1 

MEOHP Mono-ethyl-oxo-hexyl 

phthalate 

40321-98-0 

MECPP Mono-ethyl-carboxy-

pentyl phthalate 

40809-41-4 

MCMHP Mono-carboxy-methyl-

hexyl phthalate 

82975-93-7 

DiNP Di-isononyl 

phthalate 

68515-48-0  

 

MHINP Mono-hydroxy-iso-nonyl 

phthalate 

936021-98-6 

MOiNP Mono-oxo-iso-nonyl 

phthalate 

936022-00-3 

MCiOP Mono-carboxy-iso-octyl 

phthalate 

936022-02-5 

DiDPa Di-isodecyl 

phthalate  

26761-40-0  MHiDPb Mono-hydroxy-iso-decyl 

phthalate 

31047-64-0 

DPHP  Di-2-

propylheptyl 

phthalate  

53306-54-0 MCiNPb Mono-carboxy-iso-nonyl 

phthalate 

 

Non-phthalate plasticizer 
DiNCH Di-isononyl 

cyclohexane-
1,2-
dicarboxylate 

166412-78-8 MOiNCH Mono-oxo-iso-nonyl 

cyclohexanecarboxylic 

acid 

1588520-62-0 
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estimation method. In Study III, metabolite concentrations were 

reported as molar fractions (nmol/mmol creatinine). 
 

3.2.4 Biomarkers of nicotine in blood 
Maternal blood was collected at enrolment, and blood plasma samples 

were stored frozen in a biobank (-80 °C) until analysis. Blood plasma 

was analysed for cotinine, a biomarker for nicotine exposure, using LC-

MS/MS as Axelsson et al. (2015) described. The participants were 

categorized as smokers if plasma cotinine concentrations were greater 

than 15 ng/mL, as non-smokers if levels were below 0.2 ng/mL, and as 

passive smokers if the concentration was in between (Jefferis et al., 

2010).  
 

3.3 Study population 
Phthalate metabolite concentrations in prenatal urine were available 

for over 2,200 participants, whilst dust samples were analysed for 

phthalates in a subpopulation of 501 families. The subpopulation was 

randomly selected from families who had completed the urine 

collection, all questionnaires and the dust collection. Therefore, as 

shown in Figure 2, Study I, II and IV have a smaller study population 

(455<N<496) compared to Study III (N=1,148). 
 

3.4 Data analysis 
For all four studies, univariate analyses were performed to examine the 

distribution and central tendency of the included variables. 

Participants with missing data (i.e., blank questionnaire responses or 

unsuccessful sample analysis) were excluded from statistical analyses. 

Dust and urine concentrations were reported as geometric means 

(GMs). Concentrations below the limit of detection (LOD) were 

assigned a replacement value of LOD √2 ⁄  (Hornung & Reed, 1990).  
 

3.4.1 Statistical analysis 
The distribution of phthalate dust mass fractions and urine biomarker 

concentrations were right-skewed and therefore log10-transformed to 

normalize distribution and allow for parametric statistical testing. To 

correct for urine dilution, creatinine adjusted metabolite concent-

rations (nmol/mmol) were used in the univariate and bivariate analysis 

in Study II and III. 
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Figure 2. The SELMA study population and the subpopulations of Study I-IV 

 

The methodology for each study is summarized in Table 5. General 

linear regression models and logistic regression models were used for 

statistical modeling. Study III and IV explored interaction effects on 

the relationship between exposure and outcome. Potential dose-

response relationships were investigated on outcomes and exposures 

grouped in quartiles. The results were reported as adjusted least 

squares geometric means (LSGMs) with 95% confidence intervals (CIs) 

and crude or adjusted odds ratios (ORs) with 95% CIs.  

 

Participating SELMA families 
N=2,582 (100%) 

Maternal urine samples (prenatal) n=2,213 (86%) 
Dust samples (prenatal and/or postnatal) n=1,629 (63%) 

Dust included in chemical analysis 
A random sample from families with complete dust, urine and questionnaire data 

n=501 (19%) 

Study I  
Prenatal and postnatal dust 

n=496 (19%) 
Prenatal DiNCH detects n=130 (5%) 

Postnatal DiNCH detects n=370 (14%) 

Study II 
Prenatal dust and urine 

n=455 (18%) 
DiNCH not included in the study 

Study III  
Prenatal urine 
n=1,148 (44%) 

Study IV 
Postnatal dust 
n=482 (19%) 

DiNCH detects n= 298 (12%) 

Missing background 
information 

n=1,065 (41%) 

Missing background information 
n=14 (0.5%) 

Unsuccessful dust collection  
n=5 (0.2%) 

Prenatal DiNCH undetects n=198 (8%) 
Postnatal DiNCH undetects n=126 (5%) 

Stored dust 
n=1,128 (44%) 

Missing background information 
n=41 (1.6%) 
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Table 5. Method summary of Study I - Study IV 

Study title  
Exposure, outcomes, 
study population size 

Biostatistical method and study 
design  

I. Phthalate levels 

in prenatal and 

postnatal 

bedroom dust  

Phthalate levels in pre- 

and postnatal bedroom 

dust and PVC flooring 

material in the home 

(N=496) 

Bivariate analysis and general linear 

regression models adjusted for dust 

collection season. Cross-sectional and 

longitudinal study design 

II. Indoor 

phthalate 

exposure and 

contributions to 

total intake 

among pregnant 

women  

Phthalate levels in 

prenatal bedroom dust 

and phthalate 

metabolite 

concentrations in 

maternal urine (1st 

trimester)  

(N=455) 

General linear regression models 

adjusted for urine dilution, maternal 

age, education, and smoking. 

Phthalate intake from the home indoor 

environment were estimated based on 

theoretical phthalate air concentrations 

calculated from dust levels. Cross-

sectional design 

III. Prenatal 

phthalate 

exposure and 

early-childhood 

wheeze 

Phthalate metabolite 

concentrations in 

maternal urine (1st 

trimester), and ever 

wheeze among children 

at 2 years-of-age 

(N=1,148) 

Multivariate logistic regression adjusted 

for sex of the child, parental 

asthma/rhinitis, urine dilution, 

maternal smoking, and education 

Statistical significance level was 

controlled using the Benjamini-

Hochberg procedure to avoid false 

associations from multiple testing. 

Longitudinal study design  

IV. Phthalate 

levels in indoor 

dust and 

associations to 

croup  

Phthalate levels in 

bedroom dust 6 months 

after birth and ever 

croup among infants at 1 

year-of-age 

(N=482) 

General linear regression models were 

used to assess differences in phthalate 

levels between outcome groups. 

Multivariate logistic regression adjusted 

for maternal age, education, smoking, 

PVC flooring, sex of the child, and 

asthma/allergy in the family. Cross-

sectional design 

 

 

The covariates in Study I, II and IV were chosen a priori based on 

previous literature (Kasper-Sonnenberg et al., 2012; Larsson et al., 

2014; Wei et al., 2018; Wenzel et al., 2018). In Study III, the covariates 

sex of the child, parental asthma and/or rhinitis, and maternal smoking 

were chosen a priori based on previous literature. Further potential 

confounding pathways were identified by a directed acyclic graph 

(DAG) based on existing literature (Textor et al., 2016), as shown in the 

Supplementary Information of Study III. Possible confounding 

variables were included in the final adjusted models if bivariate 
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associations (P<0.1) were found with both wheeze and metabolites of 

at least four phthalates (Gascon et al., 2015). The software DAGitty v3.0 

was used to construct the DAG (Textor et al., 2016). 

 

Analysis of distributions, bivariate associations, intake estimations and 

logistic regression analysis were conducted using IBM SPSS Statistics 

for Windows, Version 25.0 (Armonk, NY: IBM Corp). For general 

linear models and LSGM calculations, PROC GLM in SAS version 9.3 

of the SAS System for Windows was used (Copyright © 2012, SAS 

Institute Inc. Cary, NC, USA). 

 

3.4.2 Phthalate intake estimations 
Study II estimated the contribution from dust to the intake of five 

phthalates (diethyl phthalate [DEP], DnBP, DiBP, BBzP, and DEHP) 

among pregnant women. The intake was estimated using woman-by-

woman data based on the methods of Bekö et al. (2013), adapted to suit 

women in early pregnancy as described in Study II.  

 

In brief, the total daily intake and indoor intake by the four routes dust 

ingestion, dermal absorption from dust, inhalation, and dermal 

absorption from the air were estimated using steady-state models, 

based on the assumption that Swedish women spend on average 13.15h 

per day at home (Schweizer et al., 2007). The intake results were 

reported as µg phthalate/kg bodyweight/day and relative contribution 

to total daily intake (%). The total intake of DnBP and DiBP were 

reported as summary di-butyl phthalate (DBP) since the metabolite 

concentrations of MnBP and MiBP were provided as one summary 

measure (MBP).  
 

4 Results and discussion 

This thesis aims to follow phthalate exposure through the connections 

between factors described in the full chain model. It shows the 

relationship between PVC flooring and phthalates in residential indoor 

dust, illustrates how indoor dust contributes to the total phthalate 

intake among pregnant women, and finally examines the associations 

between prenatal and postnatal phthalate exposure and airway 

symptoms in young children.  
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4.1 Flooring material as a source of phthalates in dust  

Study I investigated the dust levels of 

phthalates, how phthalate levels in dust 

change between two collection points, 

and finally the impact of PVC flooring as 

a source of phthalates in indoor dust.  
 

4.1.1 Phthalates in residential dust  
In the SELMA study, phthalate levels in matched prenatal and 

postnatal dust samples from 501 families were quantified. The results 

showed that the dust collection method had a high success rate, as only 

five out of 1,002 dust samples had an inadequate weight for phthalate 

analysis. This meant that phthalate levels in prenatal and postnatal 

dust were available for 496 families (Figure 2). Phthalate detection 

rates were high (90-99%), whilst the detection rate for the non-

phthalate plasticizer DiNCH was considerably lower; 26% for prenatal 

and 62% for postnatal dust (Table 6).  

 

As shown in Table 6, the most dominant phthalate was by far DEHP 

(GM prenatal 102 µg/g and postnatal 131 µg/g) followed by DiNP (GM 

prenatal 39 µg/g and postnatal 22.1 µg/g), while levels of DEP and 

DPHP were the lowest (GM prenatal 1.7 and 1.1 µg/g, respectively, and 

postnatal 1.1 and 1.6 µg/g, respectively).  

 

Table 6. Phthalate levels in prenatal and postnatal bedroom dust (GMs, µg/g) in 

the SELMA study (N=496). Phthalate levels <LOD replaced with LOD/√2 

  Detection rate (%) 
 

GM (95% CI)  
Pre vs. 
post 

  Pre Post  Prenatal dust Postnatal dust P-valuea 
DEP 94.4 91.3 

 
1.7 (1.4–1.9) 1.1 (1.0–1.2) <.001 

DnBP 97.4 93.3 
 

19.3 (17.5–21.2) 13.3 (11.7–15.0) <.001 

DiBP 95.2 91.3 
 

7.4 (6.8–8.0) 5.9 (5.4–6.5) <.001 

BBzP 89.9 94.8 
 

22.4 (19.9–25.3) 17.7 (15.7–19.8) .005 

DEHP 89.9 99.4 
 

102.0 (88.6–117.3) 131.2 (119.7–143.8) .005 

DiNP 92.7 89.7 
 

39.0 (34.2–44.4) 22.1 (19.5–25.1) <.001 

DPHP 90.5 98.8 
 

1.1 (1.0–1.3) 1.6 (1.4–1.8) <.001 

DiNCHb 26.2 61.9 
 

26.0 (22.7–30.4) 36.0 (34.0–43.0) <.001 
a Tested with crude general linear regression models  

b Samples <LOD excluded, prenatal n=130, postnatal n=370 
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All phthalate levels spanned over one or two orders of magnitude, 

which indicates a substantial variability between the families. 

Phthalate levels in dust from various indoor environments are 

frequently analysed in North America, Europe and Asia (Bu et al., 

2020; Lucattini et al., 2018). Bu et al. (2020) included 94 studies of 

phthalate levels in dust and/or air in a review. It showed that DEHP, 

the most widely produced phthalate (SCA, 2015), is often dominant in 

residential dust with median levels generally ranging from 100 up to 

1200 µg/g (Bu et al., 2020), although levels as high as 2,300 µg/g were 

also reported (Gevao et al., 2013). Hence, the dust from the SELMA 

study have relatively low DEHP levels.  

 

In North American studies, BBzP is generally the second most 

abundant phthalate, compared to Asian studies where BBzP levels are 

generally low (Bu et al., 2020). The BBzP levels in dust from SELMA 

are higher than some studies from the US (Guo & Kannan, 2011; Shin 

et al., 2020), Europe (Blanchard et al., 2014; Langer et al., 2010), and 

all studies from Asia that were included in the review by Bu et al. 

(2020). In Asia, dust levels of DnBP and DiBP are more dominant, 

whilst in European countries, the abundance of DnBP, DiBP and BBzP 

vary. DEP levels are generally low in all countries (Bu et al., 2020). 

 

DiNP levels are less frequently reported, but median levels ranging 

from 106 to 302 µg/g in residential dust has been reported (Bu et al., 

2020), which is considerably lower than in SELMA. Dust levels of 

DPHP are unavailable for comparisons. Reports of DiNCH levels in 

residential dust are few. Dust collected in German homes between 2001 

and 2006 had median levels below LOD while dust from 2009 had 2.2 

µg/g (Nagorka & Koschorreck, 2020), considerably lower than in 

SELMA. A majority (65%) of the studies reviewed by Bu et al. (2020) 

have small sample sizes (10≤n≤35), and the largest study included 497 

samples (Langer et al., 2010).  

 

The sample size used in this thesis is among the largest reported. The 

dust collected in the SELMA study generally has similar or lower 

phthalate levels compared to other studies of residential dust. The 

comparably low phthalate levels in the SELMA dust may indicate fewer 

phthalate sources in the homes, although the more frequent use of PVC 
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flooring in Swedish homes may explain the higher levels of BBzP. 

However, several environmental factors and indoor activities, such as 

temperature and cleaning, can affect phthalate dust levels and increase 

variability both within and between studies (Lucattini et al., 2018; Wei 

et al., 2018). Differences between studies may also be influenced by 

choice of methods for dust collection, preparation and analysis 

(Lucattini et al., 2018; Salthammer et al., 2018). Therefore, differences 

between studies must be interpreted with caution. Consecutive dust 

sampling in the same populations can provide more comparable data 

to assess changes over time.  

 

4.1.2 Comparison of prenatal and postnatal dust 
The collection of prenatal and postnatal dust in Study I provides a 

unique opportunity to investigate changes in phthalate levels over time 

within the same homes. The results showed that levels of DEP, DnBP, 

DiBP, BBzP and DiNP decreased, whilst the levels of DEHP, DPHP and 

DiNCH increased in postnatal compared to prenatal dust (Table 6). 

Phthalate levels in residential dust collected at multiple time points are 

not frequently reported in larger studies. We are not aware of any other 

studies comparing phthalate levels in dust collected during pregnancy 

and infancy. Since the prenatal and postnatal SELMA dust was 

collected and prepared using identical methods, the observed phthalate 

level differences should reflect variation in sources or modifying factors 

including changing lifestyle between pregnancy and infancy.  

 

The results of Study I suggest that families with high phthalate levels 

during pregnancy are likely to remain among those with high levels 

after the child’s birth, since positive correlations were found between 

all phthalates except for DiNP. However, the levels were not static, 

some phthalates increased whilst others decreased over the nine month 

period. A surprising result was the overall increase of DEHP, despite 

the stricter regulation enforced in the EU. Still, the DEHP increase was 

most obvious among the families that collected dust earlier in time. The 

opposite result with decreasing DEHP levels was found between the 

prenatal and postnatal dust samples that were collected later during 

the study. In conclusion, phthalate levels in the home indoor 

environment may be modified over a time period of months. These 

changes happened during a specific nine-month period when families 
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went from expecting to having a new baby. This period would likely 

involve adaptations of the home, such as redecorating or replacing 

furniture. It may also include changes in habits and lifestyle. The 

relative impact of different changes on phthalate levels must be 

explored further.  

 

In the dust from the SELMA participants, DiNCH had a considerably 

higher detection rate and was more abundant in postnatal compared to 

prenatal samples. The low detection rate meant normal distribution 

was only achieved when samples below LOD were excluded. Hence, all 

statistical analysis of DiNCH in the dust is based on a reduced study 

population (Figure 2) and has a considerably lower statistical power 

than the results for phthalates. Still, this change in dust level 

distribution may reflect that DiNCH was widely introduced on the 

Swedish market around 2010, with a dramatic increase of use over the 

following two years (Bui et al., 2016). Although DiNCH levels in dust 

have not been frequently reported, Larsson et al. (2017) found higher 

DiNCH levels in dust from preschools with new compared to old PVC 

floors. 

 

Phthalate levels in dust were reported as mass fractions rather than 

molar fractions. This was chosen to make the results comparable to 

previous literature. The molecular weights of the included phthalates 

ranged from 222 g/mol for DEP to 447 g/mol for DiDP and DPHP. 

Therefore, comparisons between different phthalate levels may have 

been more distinct if molar fractions had been used instead. However, 

this should not affect the main results and conclusions in this thesis. 

 

4.1.3 PVC flooring as a source for phthalates in dust 
At enrolment, 24% of the SELMA mothers reported having PVC 

flooring in the bedroom where they slept (Study I). Compared to other 

countries, this high proportion may relate to the more frequent use of 

PVC flooring in Sweden (Shu et al., 2019). Phthalate plasticizers can 

account for a substantial mass fraction of a PVC material (Liang & Xu, 

2014). The impact of PVC flooring on the prenatal and postnatal 

phthalate dust levels were evaluated in Study I, as shown in Figure 3.  
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Figure 3. Phthalate levels in prenatal and postnatal dust (µg/g), stratified for 

flooring material (other than PVC: n=378, PVC: n=118), shown on a log10 

scale. ***P<.001 for the difference between flooring materials. Levels <LOD 

were assigned a replacement value of LOD √2 ⁄  

 
Dust from bedrooms with PVC flooring had significantly higher levels 

of BBzP and DEHP (P<0.001) compared to rooms with other floorings 

(e.g., wood, laminate, tile, stone, and carpet). The same results were 

found for the postnatal dust, where the higher level of DnBP was also 

significant (P<.05). This indicates that PVC flooring is a source of 

emission for these three phthalates. Previous studies have also 

reported that higher dust levels of several phthalates were associated 

with PVC floorings or other interiors (Bi et al., 2018; Bornehag, 

Lundgren, et al., 2005; Christia et al., 2019; Sugeng et al., 2020)  

 

As the participants themselves classified the type of flooring in their 

bedroom, some misclassification may have occurred (Bornehag, 

Sundell, et al., 2005). However, the misclassification rate is expected 

to be evenly distributed and not affect the main conclusions of this 

thesis. 
 

 

4.2 Phthalate intake among pregnant women 
 

Study II examines how indoor dust 

contribute to phthalate intake among 

pregnant women and the role of PVC 

flooring for such intake.  
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4.2.1 Phthalates in dust and the contribution to total intake  
The total daily intake of phthalates can be estimated from phthalate 

metabolite concentrations in urine. This total intake can then be 

compared to the estimations of phthalate intake from dust. 

 

Phthalate metabolites in maternal urine and total intake 
Based on the urinary metabolite concentrations, estimations of the 

total daily intakes (DIurine) were back-calculated for phthalates DEP, 

DnBP, DiBP, BBzP and DEHP in Study II. The results suggest that the 

total intake on the day before the urine collection was greatest for 

DEHP (median 2.95 µg/kg body weight/day), of similar magnitude for 

DEP and DBP (median 2.16 and 2.36 µg/kg/day, respectively), whilst 

the intake of BBzP was an order of magnitude lower (0.54 µg/kg/day). 

The total intakes spanned two or three orders of magnitude, although 

the interquartile range was within the same magnitude for all 

phthalates.   

 
Phthalate intake explained by residential indoor dust 
In Study II, intakes relating to the home indoor environment were 

calculated over the 13h that the mothers were expected to spend at 

home. The estimated phthalate intake from dust ingestion was greatest 

for DEHP (median 0.014 µg/kg/day), whilst DBP and BBzP were an 

order of magnitude lower (medians 0.0031 and 0.0026 µg/kg/day, 

respectively) and lowest for DEP (0.0001 µg/kg/day). The intake from 

dermal absorption from dust was negligible. Next, the total daily 

phthalate intakes were compared to the intake from dust ingestion (5h 

awake at home), which showed a very low median contribution; 

negligible for DEP, 0.1% for DBP, 0.5% for BBzP and 0.4% for DEHP. 

 

A comparison between dust and urine in Study II revealed a 

relationship between prenatal dust levels of DEP, DnBP, DiBP,  BBzP, 

and their corresponding metabolites, as indicated by a positive 

correlation (P<.001). The relationship was strongest for BBzP (Pearson 

correlation coefficient r=.37). Therefore, the intake from dust might be 

underestimated (e.g., by defective particle distribution assumptions) 

Other indoor intake routes related to phthalate levels in dust may also 

be relevant contributors to total intake for these phthalates. The lack of 

a relationship between DEHP in dust and any of the five corresponding 
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DEHP metabolites, suggest that the DEHP intake is not strongly 

related to intake from the home indoor environment.   

 

The phthalate intake from inhalation at home was greatest for DBP 

(median 0.064 µg/kg/day) followed by DEP (median 0.027 µg/kg/day) 

whilst this intake was an order of magnitude lower for BBzP and DEHP 

(medians 0.0024 and 0.0082 µg/kg/day, respectively). This makes 

modest relative contributions to total daily intake; 1.5% for DEP, 2.8% 

for DBP, 0.4% for BBzP and 0.3% for DEHP (medians).  

 

Phthalate intake from dermal absorption from the air was estimated to 

be 0.19 µg/kg/day for DEP, 0.57 µg/kg/day for DBP, 0.007 µg/kg/day 

for BBzP, and 0.0015 for DEHP. This is equivalent to relative 

contributions to the total daily intake of 10%, 25%, 1.2%, and 0.1%, 

respectively (medians). This was the most dominant contribution to 

the total phthalate intake from the estimated intake routes relating to 

the home indoor environment. 

 

The combined indoor phthalate intake from dust ingestion, inhalation 

and dermal absorption during 13h in the home is shown in Figure 4. 

Compared to the total daily intakes, it is equivalent to relative 

contributions of 12% for DEP, 28% for DBP, 2.1% for BBzP, and 0.7% 

for DEHP (medians).  

 

Figure 4. Combined phthalate intake (µg/kg/day) from dust ingestion, inhalation 

and dermal absorption during 13 h in the home indoor among 455 pregnant 

women, shown on a log10 scale  
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Most of the previous studies of phthalate intake from dust and air 

among adults were of small size and used theoretical assumptions 

rather than person-by-person information from the exposed study 

population. All studies estimated dust ingestion and/or inhalation, 

whilst only three included dermal uptake (Appendix, Table A2). Among 

pregnant women, phthalate intake from dust and air is not frequently 

reported. As discussed in Study II, previous intake estimations for 

adults vary considerably. Despite other studies generally having 

calculated intake during 24h, our intake estimations over 13h were 

within the range of previous results. The differences relate to the 

variation of phthalates in dust and air, however, discrepancies may also 

relate to differences in assumptions and estimation methods.  

 

Unfortunately, not many previous studies estimated dermal phthalate 

intake. The current results suggest that the dermal uptake of DEP and 

DBP is greater than from inhalation. This was also the results of 

Giovanoulis et al. (2018), who estimated phthalate intake among 

Norwegian adults (n=61), and a meta-analysis based on 35 previous 

studies (Bu et al., 2020). However, two experimental studies on human 

subjects concluded that dermal absorption is comparable to (Weschler 

et al., 2015) or lower than inhalation intake (Andersen et al., 2018). 

Therefore, the dermal uptake might be overestimated compared to 

inhalation in Study II. This is likely to be a consequence of the limited 

assumptions used in the estimation method. The experimental studies 

also show that clothing has a big impact on dermal uptake from the air, 

a factor that was not considered in the current estimation.  

 

The results suggest that the combined intake from dust and air in the 

home indoor environment is of concern for the most highly exposed 

pregnant women for some phthalates. For most women, the total 

intake and the intake related to the home indoor environment were 

well below the EU tolerable daily intake limit. However, for the seven 

most highly exposed women (1.5%), the total intake exceeded this limit 

for the strictly regulated phthalates DnBP/DiBP and DEHP. Since 

DnBP/DnBP has a meaningful contribution from indoor intake, 

emissions in the home pushed the total intake levels above the tolerable 

limit. Considering that the relative phthalate intake from both dust and 

air is higher among young children than adults (Bekö et al., 2013), 
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reducing indoor phthalate emissions is even more urgent to prevent 

intake among the children living in the homes with the highest dust 

levels.  

 

4.2.2 The role of PVC flooring for phthalate intake  
Among the 455 mothers in Study II, the median concentration of the 

BBzP metabolite mono-benzyl phthalate (MBzP) was 83% higher 

among mothers with PVC compared to other types of flooring (P<.001, 

22 µg/g and 12 µg/g, respectively). No other phthalate metabolite 

concentrations were significantly associated with PVC flooring 

(P<.05). A previous phthalate mixture analysis by Shu et al. (2019) also 

shows that maternal concentrations of BBzP metabolites among the 

SELMA participants were associated with PVC flooring.  

 

The intake estimations in Study II showed that the intake of BBzP and 

DEHP from the indoor environment were significantly higher (P<.01 

and P<.05, respectively) among the mothers with PVC flooring 

compared to those with other floorings. This difference was equivalent 

to a doubling of the contribution. However, it made little difference 

intake as the contribution was only around 1-2% of the total intake 

(Figure 5).  

 

 

  
 

              

                

                

                

                

                

                

                

                

                

                

                

                

                

Figure 5. The relative contribution (%) of phthalate intake from dust and air to the 

total daily intake in homes with and without PVC flooring 
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This is a surprising result since the significantly higher urine levels of 

BBzP metabolites suggest that PVC flooring, and subsequently the 

indoor environment, contribute more to total intake. Shu et al. (2019) 

estimated the contribution of PVC flooring to be higher based on the 

association between flooring type and BBzP metabolite concentrations 

in the SELMA study. This discrepancy may originate from the difficulty 

to establish the model parameters used in the intake estimations. 

Although this is a limitation for all phthalates, BBzP is particularly 

sensitive due to its specific dust-air partitioning behaviour at room 

temperatures. The model assumptions may not have reflected actual 

conditions, resulting in a partitioning estimation that did not match the 

actual air levels. An underestimation of air concentrations can explain 

the low indoor contribution to the total intake of BBzP and DEHP. A 

more detailed discussion on the challenges of determining BBzP 

partitioning behaviour can be found in Bekö et al. (2013).  

 

If the assumptions underestimate the intake of BBzP from the indoor 

dust and air, then the contribution to BBzP intake from the indoor 

environment would be more relevant to consider in relation to prenatal 

exposure than what these results suggest. Regardless, the current 

results suggest that indoor building materials made from PVC, such as 

floorings, are emission sources that contribute to phthalate intake 

among pregnant women. To make future results more nuanced, intake 

studies could estimate both high-end and low-end exposure scenarios.  

 

Indoor conditions affecting phthalate exposure are very complex. 

Models can therefore mainly picture exposure as averages in larger 

populations. They cannot accurately predict an individual case (Uhde 

et al., 2019; Weschler et al., 2008). Intake estimations like those used 

in Study II are based on a limited number of parameters to describe 

very complex exposures. Therefore, the results should be interpreted 

with caution. Still, when considering a larger population, the methods 

give us important clues to understand a potentially hazardous 

exposure. Including more detailed information regarding indoor 

parameters and participant behaviour will improve future intake 

modelling. As more sophisticated intake estimation methods and more 

accurate parameters are developed, the picture will become clearer 

(Salthammer et al., 2018).  



32 
 

DiNP, DPHP and DiNCH were not included in the intake estimations 

in Study II for two reasons. First, the parameters needed for intake 

modelling are less explored and reported than for the included 

phthalates. Secondly, their intake from the indoor environment can be 

expected to be very low. They have a higher molecular weight and lower 

volatility than DEHP. Hence dust ingestion would be the main 

contributor to intake (Bui et al., 2016). Since dust levels of DiNP, DPHP 

and DiNCH were lower than DEHP levels, the dust ingestion intake can 

be expected to be lower than for DEHP among pregnant women. 

 

4.3 Phthalate exposure and airway symptoms in children 

In Study III and IV, associations 

between early-life phthalate exposure 

and wheeze or croup among young 

children were assessed.  

 

4.3.1 Prenatal phthalate exposure and wheeze  
Study III investigates the associations between early prenatal exposure 

– measured as maternal urinary concentrations of phthalate 

metabolites – and wheeze in 2-year-olds. The prevalence of ever 

wheeze at 2 years was 34%, and it was significantly more common in 

boys than girls. The study found significant associations for mono-

hydroxy-iso-decyl phthalate (MHiDP) and mono-carboxy-iso-nonyl 

phthalate (MCiNP), as shown in Table 7. They are metabolites of the 

replacement phthalates DiDP and DPHP. The increased risk for wheeze 

was 47-49% per log10 unit increase of concentrations (aOR 1.47, 95% CI 

1.08-2.01 for MHiDP and aOR 1.49, 95% CI 1.04-2.15) for MCiNP) 

when adjusted for parental asthma/rhinitis, sex of child, mothers 

education, smoking and creatinine. With the median as the centre, 0ne 

log10 unit for MHiDP is equivalent to 1.14-13.9 nmol/L and for MCiNP 

it is 0.69-681 nmol/L. Both log10 units are wider than the interquartile 

range (IQR, 25th to 75th percentiles) but within the 5th to 95th percentiles 

range for the two metabolite concentrations. Indications of dose-

response relationships between exposure and outcome were found for 

prenatal DPHP and DiDP metabolites and wheeze. 
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Table 7. Associations between prenatal maternal phthalate exposure and wheeze 

at 24 months (N=1,148), summary measures were used for the metabolites 

of DEHP and DiNP 

Parent 
compound 

 
Crudea     Adjustedb 

Metabolite OR (95% CI) P   OR (95% CI) P 

DEP MEP  1.02 (0.78-1.34) 0.87  1.00 (0.76-1.33) 0.99 

DBP MBP  1.10 (0.70-1.74) 0.67  1.04 (0.65-1.65) 0.88 

BBzP MBzP  1.23 (0.91-1.68) 0.18  1.26 (0.91-1.74) 0.16 

DEHP ΣDEHP  1.20 (0.81-1.77) 0.36  1.28 (0.86-1.91) 0.23 

DiNP ΣDiNP 1.21 (0.92-1.60) 0.17  1.22 (0.92-1.62) 0.16 

DiDP and 
DPHP 

MHiDP 1.45 (1.07-1.97) 0.016  1.47 (1.08-2.01) 0.014 

MCiNP 1.42 (0.99-2.02) 0.055  1.49 (1.04-2.15) 0.031 

DiNCH MOiNCH 1.07 (0.87-1.32) 0.54   1.06 (0.85-1.32) 0.61 
a Creatinine included as a separate independent variable to adjust for urine dilution  
b Adjusted for parental asthma/rhinitis, sex of the child, mother’s education, smoking and creatinine 
 

The associations with MHiDP and MCiNP were stronger among 

children whose parents did not have asthma and/or rhinitis than 

parents with these conditions (Figure 6). Metabolites of DiNP were also 

associated with wheezing among the children whose parents did not 

report asthma/rhinitis symptoms (aOR 1.72, 95% CI 1.16-2.56). In this 

subgroup, the association between BBzP and wheeze was also found 

(aOR 1.63, 95% CI 1.02-2.61) although the result was not found 

significant after controlling for multiple testing. No major differences 

were found between boys and girls. 

 

Several previous epidemiological studies have reported associations 

between prenatal exposure of metabolites of DBP, BBzP and DEHP 

(Appendix, Table A5). Newer replacement phthalates are not as 

frequently included in previous studies, but some results are available. 

Prenatal metabolites of DiNP and DiDP were associated with decreased 

lung function and increased risk of probable asthma among 5-7 year 

olds (Berger et al., 2019; Vernet et al., 2017). Contrasting results with a 

protective effect from prenatal DiDP metabolites were found for 

wheeze and asthma among 4-5 year old girls (Adgent et al., 2020). 
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Figure 6. Associations between prenatal phthalate exposure and infant wheeze 

expressed as odds ratio, stratified for parental asthma and/or rhinitis 

(N=1,148). Analyses were adjusted for sex of the child, and mother’s 

education, smoking and creatinine in urine 

 

The SELMA study has already reported associations between early 

prenatal phthalate exposure and airway symptoms among 1-year-old 

children (Shu, Wikström, et al., 2018). Associations were found 

between metabolites of DiNP and wheeze. Study III reports that one 

year later, the association between DiNP and ever wheeze at 2-years-

of-age was significant along with new associations to further 

metabolites. Therefore, the time point of outcome assessment may be 

important, possibly due to postnatal factors such as airway infections. 

 

The time point of exposure assessment might be influential when 

exposure effects on health outcomes are investigated. Previous studies 

of prenatal phthalate exposure and airway outcomes mainly assessed 

exposure in late pregnancy. The current results rely on data from first-

trimester urine representing exposure during a distinct stage in 

development where the airway tree branching is laid down, and airway 

epithelial cells differentiate. In contrast, the third-trimester 

development is characterized by lung tissue maturation (Nikolic et al., 

2018; Pinkerton & Joad, 2006). Phthalate exposure may affect the 

airways differently during these stages of development and contribute 

to inconsistent results. 

 

Previous results also suggest that prenatal phthalate exposure may be 

a greater risk for children without asthma in the family. Adgent et al. 
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(2020) reported that children whose mothers did not have asthma had 

a higher risk for wheeze and asthma from third-trimester phthalate 

mixtures than children with asthmatic mothers. Other environmental 

exposure, such as traffic pollution, can also be a greater risk factor 

among children without a family history of asthma (McConnell et al., 

2006). There is no clear explanation for this result.  

 

Asthma and allergy in the family are risk factors for children’s asthma, 

and it may be a more influential risk factor for wheeze than prenatal 

phthalate exposure. Phthalate exposure may also affect immune 

function differently depending on atopic status (Bølling et al., 2013). 

Non-allergic sub-types of wheeze and asthma are more common 

among children without a family history of asthma and allergy (Herzog 

& Cunningham-Rundles, 2011). This might contribute to the higher 

risk for exposure effects in this group of children. In the current study, 

allergic sensitization (IgE antibody response) status was unavailable 

for either parents or children. Therefore, potential differences between 

families with or without allergic disease could not be investigated 

further. Future studies could compare effects among children with 

different sub-types of wheeze and allergic sensitization among parents. 

 

4.3.2 Indoor dust levels of phthalates and infants’ croup  
Study IV investigates cross-sectional associations between phthalate 

levels in dust and croup in infants at 1-year-of-age. The prevalence of 

ever croup at 1 year was 10%, and it was significantly more common 

among boys.  

 

Infant croup was associated with postnatal dust levels of three 

phthalates. In adjusted models, DEP and DEHP were associated with a 

71% and 107% increase in risk for croup per log10 unit increase, 

respectively (aOR 1.71, 95% CI 1.08-2.73, and aOR 2.07, 95% CI 1.00-

4.30, respectively, Figure 7). Among boys, there were also associations 

between dust levels of BBzP and croup (aOR 2.02; 95%CI 1.04-3.90). 

A log10 unit is approximately the IQR for DEP (0.4-3.3 µg/g), the 20th 

to 80th percentile for BBzP (5.6-54 µg/g), and the 15th to 85th percentile 

for DEHP (46-385 µg/g). Indications of dose-response relationships 

were found for dust levels of DEHP and croup. 
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Figure 7. Cross-sectional associations between phthalate levels in dust and croup 

in 1-year-olds (N=482). Models were adjusted for sex of the child, mother’s 

smoking, education and age, as well as dust sampling season 

 

Croup is not frequently used as an outcome concerning phthalate 

exposure. Instead, other airway symptoms in children have been 

associated with phthalate levels in the dust. Wheezing and asthma 

among children aged 2 to 14 years were associated with dust levels of 

DnBP, BBzP and DEHP (Appendix, Table A4). Some null results have 

also been reported (Bekö et al., 2013). For DEP, associations between 

dust levels and airway disorders are generally not found (Ait Bamai et 

al., 2014; Bekö et al., 2013; Bi et al., 2018; Bornehag et al., 2004; Hsu 

et al., 2012; Kolarik et al., 2008; Navaranjan et al., 2021).  

 

4.3.3 Prenatal and postnatal exposure  
Both Study III and IV found relationships between early life phthalate 

exposure and airway symptoms before 2-years-of-age. The associations 

for both outcomes were of similar magnitude, ranging from aOR 1.49 

(95%CI 1.04-2.15) for MHiDP and wheeze to aOR 2.07 (95%CI 1.00-

4.30) for DEHP and croup. For BBzP, associations were found for both 

outcomes but only in subgroups (wheeze among children whose 

parents did not have asthma/rhinitis and croup among boys). The 

different exposure routes and exposure time points could contribute to 

the difference.  

 

Today, research has not yet pinpointed when the respiratory and 

immune systems are most susceptible to effects from phthalate 

exposure (Bølling et al., 2020; Casas & Gascon, 2020). Whilst urinary 

metabolites represent a proxy for systemic fetal exposure, phthalates 
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in dust may represent local airway exposure from inhalation as well as 

systemic exposure from uptake following dust ingestion or inhalation. 

In these different exposure scenarios, biological effects may vary 

between phthalates. Unfortunately, it is not possible to explore this 

question further in the current data.  

 

Some epidemiological studies report differences in phthalate effects on 

airway disease in boys and girls (Buckley et al., 2018; Ku et al., 2015). 

The number of wheeze and croup cases among girls was low (12.9%, 

and 6.4%, respectively) compared with boys (21.4% and 13.4%, 

respectively). Therefore, the significant associations among boys and 

not girls in Study IV must be interpreted cautiously due to the low 

number of girls with croup. The current studies found no statistical 

evidence of interaction effects between phthalate exposure and sex of 

the child on the outcome in either Study III or IV.  

 

5 Overall Discussion 

Using the full chain model as a foundation, this thesis illustrated the 

path of phthalate exposure from source to airway symptoms.  

 

 5.1 Overall results 
PVC flooring in the home was 

associated with higher dust levels of 

three phthalates (DnBP, BBzP and 

DEHP) (Study I). Levels of four 

phthalates (DEP, DnBP, DiBP, and 

BBzP) were positively correlated with corresponding maternal urinary 

metabolites. Phthalates in indoor dust was estimated to explain 28% of 

the daily intake of DnBP and DiBP. For two phthalates the contribution 

to total intake was low (2% for BBzP and 1% for DEHP), although the 

contribution was twice as high among women with PVC flooring 

compared with other flooring materials (Study II). Associations 

between early life phthalate exposure and airway symptoms before 2-

years-of-age were found (Study III and Study IV). The outcomes were 

associated with strictly regulated phthalates (DnBP, BBzP, and DEHP), 

increasingly regulated phthalates (DiNP and DiDP), and non-regulated 
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phthalates (DEP and DPHP). Hence, one phthalate, BBzP, could be 

followed through the full chain model, from source, over intake, to 

airway symptoms in this study population. Other phthalates were 

associated with some of the relationships, e.g., DiDP and DPHP for 

which prenatal exposure was associated with wheeze, although no links 

between PVC flooring and levels in dust were found.  
 

The results showed a significant change in phthalate levels in the dust 

between the prenatal and postnatal collection time points. This 

suggests that phthalate levels in indoor dust may be possible to alter 

over a period of months. Higher phthalate levels in dust were 

associated with a higher intake. However, to recommend the general 

public to reduce indoor phthalate contamination efficiently, we still 

need to learn more about which sources are the most influential 

contributors to indoor emissions and what effects temperature, 

cleaning habits, and other modifying factors have on human exposure. 
 

Wheeze, croup and asthma are airway outcomes that are unlikely to 

have one cause, instead symptom development is influenced by genetic 

and environmental factors that interact (Herzog & Cunningham-

Rundles, 2011). Studies based on epidemiological data can never 

determine causal inference. The results in this thesis should be 

interpreted as indications of relationships that, combined with results 

from other more experimental research, can contribute to the 

understanding of phthalate exposure effects. Newer replacement 

phthalates are less well studied than the strictly regulated. The 

observed link between prenatal exposure of replacement phthalates 

and airway symptoms is an important finding that should be 

investigated further.  
 

We still need to learn how the observed early childhood effects relate 

to long-term airway health and asthma development that other studies 

have found. The current results suggest that the risk from phthalate 

exposure is quite low for the individual child. Still, taking precautions 

to reduce phthalate intake during early human development may have 

meaningful benefits on a public health level. To protect sensitive 

populations (i.e., women of reproductive age and young children) and 

avoid regrettable substitution, we could consider regulating phthalates 

as a group rather than as single compounds. 
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5.2 Phthalates and a sustainable future  
In 2015, United Nations adopted the 2030 Agenda for Sustainable 

Development, including 17 Sustainable Development Goals (SDGs) 

(Figure 8). The SDGs highlight that to achieve sustainable 

development, we need to embrace economic, social and environmental 

dimensions (United Nations [UN], 2015). Our use of phthalates has an 

impact on several of these goals.  

 

 
 

Figure 8. The United Nations Global goals for sustainable development are part of 

the Agenda 2030 which came into force in 2016 (UN, 2021) 

 
SDG 3: Ensure healthy lives and well-being  
Phthalate exposure has been associated with airway symptoms. 

Reducing the global health burden of airway disease is crucial to 

achieving the third goal: “Ensure healthy lives and promote well-being 

for all at all ages”. The importance of considering chemical exposure 

to promote health is emphasized in the sub-goal 3.9: “substantially 

reduce the number of deaths and illnesses from hazardous chemicals 

and air, water and soil pollution and contamination” (UN, 2015, p. 

16).  

 

Preventing airway symptoms and disease has significant benefits. It 

improves the quality of life for the individual, decreases medical 

expenditures (personal and societal), and increases productivity at 

work and school. The economic cost of asthma is substantial. In the US, 

the societal cost of asthma was estimated to be $81 billion in 2013 
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(Nurmagambetov et al., 2018), and in the UK, it was estimated to 

exceed £1 billion when including medication, disability claims, primary 

and hospital care (Mukherjee et al., 2016).  

 

The results of this thesis indicate that replacing phthalates with other 

phthalates might not be optimal from a health perspective. Whilst more 

research on replacement phthalates is being conducted, manufactures 

can contribute to SDG 3 by considering removing all phthalates from 

building materials and consumer goods that expose children and 

women of reproductive age where possible. Since associations between 

health effects and replacement plasticizers have not yet been 

thoroughly studied, plastics that consist of soft polymers with less need 

for additives could be an option in some products.   

 

SDG 6: Sustainable management of water 
From a broader perspective, phthalates can pollute water, soil, and 

sediment (Nagorka & Koschorreck, 2020). Therefore, phthalates 

migrating from consumer goods and building materials during use or 

at the end of the life cycle could affect our freshwater quality. This 

would impact the SDG 6 “Ensure availability and sustainable 

management of water and sanitation for all”. Eliminating hazardous 

release of phthalates is necessary to fulfil the sub-goal 6.3:  
 

“improve water quality by reducing pollution, eliminating 

dumping and minimizing release of hazardous chemicals and 

materials, halving the proportion of untreated wastewater and 

substantially increasing recycling and safe reuse globally” (UN, 

2015, p. 18). 

 

SDG 12: Management of chemicals and waste 
Management of chemicals, such as phthalates, is a specific target under 

SDG 12: “Ensure sustainable consumption and production patterns”. 

Regarding phthalates, the sub-goal 12.4 is relevant:  
 

“achieve the environmentally sound management of chemicals 

and all wastes throughout their life cycle, in accordance with 

agreed international frameworks, and significantly reduce their 

release to air, water and soil in order to minimize their adverse 

impacts on human health and the environment” (UN, 2015, p. 22).  
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The frequent use of regulated phthalates in PVC plastics means this 

resource cannot be reused or recycled in an optimal way today (Ragaert 

et al., 2017). A regrettable substitution of plasticizers will prolong such 

waste. The replacement of regulated phthalates is an ongoing process 

with varying restrictions between countries despite a global market. 

The results in this thesis have illustrated that our use of non-regulated 

phthalates may contribute to hazardous contamination. If so, the use 

of these compounds as replacements is problematic. Achieving the 

SDG 12 will require a systematic approach with cooperation across 

actors of the global supply chain, from producers to final consumers, 

along with governmental regulations. 

 

SDGs 14 and 15: Healthy ecosystems 
The toxic properties of phthalates may also impact wildlife on land and 

in water if they pollute water, soil, and sediment (Nagorka & 

Koschorreck, 2020). Toxic effects in some species may potentially 

affect whole ecosystems.  

 

This can impact the SDG 14: “Conserve and sustainably use the oceans, 

seas and marine resources for sustainable development”, and the SDG 

15: “Protect, restore and promote sustainable use of terrestrial 

ecosystems, sustainably manage forests, combat desertification, and 

halt and reverse land degradation and halt biodiversity loss” (UN, 

2015). However, since phthalates are biodegradable, such risk is likely 

to reduce rapidly once emissions stop (Nagorka & Koschorreck, 2020).  

 

5.3 Strengths and limitations 
This thesis strength includes a, in part, prospective study design. The 

results are based on data from a relatively large study population with 

individual measurements of prenatal phthalate metabolites, and two 

matched dust samples from each family. Data on several important 

participant characteristics were available for the intake estimations 

and as covariates in statistical modelling. The airway symptoms used 

as outcomes were evaluated with questions from an internationally 

recognized and validated instrument. However, there are some 

limitations to consider.  
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Firstly, the associations between phthalates and airway symptoms are 

based on only one sample of dust and urine at each time point. Multiple 

samples would make exposure assessments more robust. Still, the 

positive correlation between phthalates in prenatal and postnatal dust 

suggest that the levels are rather stable over a time period of months. 

Due to the high metabolization rate in the human body, one 

measurement pf urinary phthalate metabolites might not represent 

exposure over long time periods (Braun et al., 2012; Johns et al., 2015). 

However, one single urine sample has been shown to reasonably 

predict average metabolite concentrations over a period of weeks 

(Calafat et al., 2015; Johns et al., 2015). The standardized collection of 

morning void urine samples should decrease the variability in 

metabolite concentrations related to daytime activities (e.g., use of 

personal care products and dietary intake). We expect that any 

misclassification due to dust or urinary variability would likely bias the 

results towards the null. 

 

Secondly, the intake modelling and phthalate air concentration 

estimation are based on several assumptions regarding participant 

activity, biological processes, indoor environment characteristics and 

compound properties. In particular, having data on both season and 

indoor temperature would make the estimations more robust. Hence, 

the results must be interpreted with caution and as trends in the 

populations. To optimize future intake estimations, dust from 

occupational indoor environments could also be collected. A more 

detailed characterization of the indoor environment and the dust 

particles could be performed, and more sophisticated intake estimation 

methods incorporating more parameters could be considered.  

 

Finally, despite available data for several relevant covariates, there may 

be residual confounding from unmeasured variables. Also, the 

participating SELMA mothers have a higher education, are less likely 

to smoke and are more likely to have asthma or allergy in the family 

than those who declined to participate (Bornehag et al., 2012). Since 

this indicates that the study population is not fully representative of the 

general population, it limits the generalizability of the results. 

However, this should not affect the main conclusions of this thesis 
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regarding the relationships between phthalates in dust, intake and 

health effects.  

 

5.4 Ethical considerations  
The SELMA cohort is approved by the Swedish Ethical Board of 

Uppsala (Etikprövningsmyndigheten, EPM), (DNR 2007/062 and 

DNR 2015/177). The study collects, stores and analyses sensitive data 

from health examinations, psychological tests, questionnaires, 

interviews, registers, etc. The study collects and stores biological 

samples in a biobank for further analyses of biomarkers such as 

chemicals, genes, epigenetics, etc. The major principle is that (i) all 

data collection, storage and protection of sensitive data follows 

national and EU law, and have been reviewed and approved by the 

Swedish Ethical Board of Uppsala (EPM), and (ii) participation is 

strictly voluntary and requires written consent of caretakers/parents 

and child/adolescent when applicable.  

 

The involvement of children and related consent procedures, 

protection of any data collected, is ensured to be confidential, data 

storing is anonymous and not available to third parties. A basic 

principle is that individual personal identifiers are removed from all 

data and samples and replaced with a bar code and/or a digit code 

without any ability to relate samples, analysis results or other data to 

identifiable individuals.   

 

6 Conclusion 

The overall aim of this thesis was to contribute to the understanding of 

phthalate exposure by exploring the relationships that connect 

phthalate sources, environmental exposure, human intake, and airway 

symptoms, as proposed by the full chain model. More specifically, the 

importance of PVC flooring for phthalate levels in indoor dust was 

evaluated, the contribution of dust to phthalate intake among pregnant 

women was estimated, and finally the associations between airway 

symptoms in young children and prenatal or postnatal phthalate 

exposure were examined. 
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First, the results conclude that there is a relationship between indoor 

sources, i.e., PVC flooring, and higher levels of phthalates in the dust. 

Second, the dust was estimated to explain a relative contribution to the 

total phthalate intake that ranged from marginal to relevant for the 

phthalates that were analysed. PVC flooring in the women’s bedroom 

was associated with a small but statistically significant higher intake of 

some phthalates. Third, the findings show that phthalate exposure 

during early pregnancy, and phthalate levels in bedroom dust were 

associated with airway symptoms before the age of 2 years.  

 

With data from one relatively large study population, connections 

could be made between a full chain of factors of importance for human 

phthalate exposure. The findings show that phthalate sources in our 

homes can be linked to higher phthalate levels in dust and to human 

intake. Also, both regulated and non-regulated phthalates were 

associated with human intake and airway symptoms in children. 

Combined with knowledge of exposure and health effects from other 

studies, these results implies that using new phthalates as 

replacements might not be optimal. To prevent regrettable 

substitution, we could consider regulating phthalates as a group rather 

than as single compounds.  Limiting indoor phthalate sources and 

exposure during early human development may reduce a harmful 

exposure and benefit overall public health. 
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Appendix 

Table A1. Alternative phthalate names and chemical structures of the 

included compoundsa 

Common name 
(abbreviation)  Alternative chemical name  Molecular structure 

Di-ethyl 

phthalate 

 
1,2-Benzenedicarboxylic acid, 

diethyl ester 
 

 (DEP) 

Di-n-butyl 

phthalate 

 

1,2-Benzenedicarboxylic acid, 

dibutyl ester 

 

 

(DnBP) 

Di-iso-butyl 

phthalate 

 1,2-Benzenedicarboxylic 

acid,bis(2-methylpropyl) ester 

 

 

 

(DiBP) 

Butyl benzyl 

phthalate 

 
1,2-Benzenedicarboxylic acid, 

butyl phenylmethyl ester 

 

 
(BBzP) 

Di-2-ethylhexyl 

phthalate  

 Bis(2-ethylhexyl) phthalate; 
 

1,2-Benzenedicarboxylic acid, 

bis(2-ethylhexyl) ester 
 

 

 

(DEHP) 

Di-iso-nonyl 

phthalate 

 Bis(7-methyloctyl) phthalate;  

1,2-Benzenedicarboxylic acid, 

diisononyl ester  

(di-C8-10-branched alkyl esters, 

C9-rich) 

 

 

(DiNP) 

Di-iso-decyl 

phthalate 

 Bis(isodecyl)phthalate; 
 

1,2-Benzenedicarboxylic acid, 

diisodecyl ester 

(di-C9-11-branched alkyl esters, 

C10-rich) 

 

 

(DiDP) 

Di-2-

propylheptyl 

phthalate 

  

Bis(2-propylheptyl) phthalate; 
 

1,2-Benzenedicarboxylic acid, 

bis(2-propylheptyl) ester 

 

 

 

(DPHP) 

Di-iso-nonyl 

cyclohexane-1,2-

di-carboxylate  

 

 

1,2-Cyclohexanedicarboxylic acid, 

1,2-diisononyl ester 

 
 
 

 

 

(DiNCH) 

Non-phthalate 

a Names and images from PubChem (https://pubchem.ncbi.nlm.nih.gov/)  
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Table A2. Studies that estimate phthalate intake from residential dust and/or air 

among adults 

Study (country) Size (N) Exposure Type of intake 
Albar et al. (2017) (Saudi 

Arabia and Kuwait) 
15+15 Dust Ingestion 

Basaran et al. (2020) (Turkey) 90 Dust 
Ingestion, dermal 

absorption 

Dodson et al. (2015) (US) 49 Dust 
Ingestion, inhalation, 

dermal absorption 

Fromme et al. (2004) 

(Germany) 
30 Dust and air Ingestion, inhalation 

Gevao et al. (2013) (Kuwait) 21 Dust Ingestion 

Li et al. (2021) (China) 94 Dust 
Ingestion, inhalation, 

dermal absorption 

Luongo and Ostman (2016) 

(Sweden)  
62 Dust and air Ingestion, inhalation 

Pelletier et al. (2017) (France) 145 Dust and air 
Ingestion, inhalation, 

dermal absorption 

Sakhi et al. (2019) (Norway) 42 Air Inhalation 

Subedi et al. (2017) (US) 11 Dust Ingestion 

Tran and Kannan (2015) (US) 20 Air Inhalation 

Tran et al. (2016) (Vietnam) 16 Dust Ingestion 

Tran et al. (2017) (Vietnam) 41 Air Inhalation 

Wang et al. (2014) (China) 14 Dust and air 
Ingestion, inhalation, 

dermal absorption 

Weiss et al. (2018) (Sweden) 10 Dust Ingestion, inhalation 

Zhu et al. (2019) 120 Dust 
Ingestion, inhalation, 

dermal absorption 

 

Table A3. Studies of residential building materials and child airway outcome 

Study (Country) 
Studydesign 

Size 
(N) 

Phthalate 
source Airway outcome Age  

Jaakkola et al. (2000) 

(Finland) 

Cross-sectional 

2,568 
Plastic wall 

materials 
Wheeze and asthma 1-7 y 

Jaakkola et al. (2004) 

(Russia) 

Cross-sectional 

5,951 PVC flooring Wheeze and asthma 8-12 y 

Jaakkola et al. (1999) 

(Norway) 

Cross-sectional 

502 PVC flooring Bronchial obstruction 2 y 

Larsson et al. (2010) 

(Sweden) 

Longitudinal 

4,779 PVC flooring Asthma 5-8 y 

Shu et al. (2014) (Sweden) 

Longitudinal 
3,228 PVC flooring Asthma 11-13 y 
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Table A4. Studies of phthalates in residential dust and child airway/allergy 

outcome 

Study (Country)  
Study design 

Size 
(N) Dust type 

Airway/allergy 
outcome and 

associated phthalate Age 
Ait Bamai et al. (2014) 

(Japan) 

Cross-sectional 

126 Livingroom  
Rhinitis – null result 

Eczema – DiBP, BBzP 
0-14y 

Ait Bamai et al. (2016) 

(Japan) 

Cross-sectional 

128 Livingroom  
Rhino-conjunctivitis, 

Asthma - DEHP  
6-12y 

Bekö et al. (2015) 

(Denmark) 

Cross-sectional 

500 
Bedroom and 

daycare centre  
Asthma – DnBP, BBzP 3-5y 

Bi et al. (2018) (US)  54 
HVAC filter 

and floor dust 
Asthma severity ~10ya 

Bornehag et al. (2004) 

(Sweden) 

Cross-sectional case-

control 

400 Bedroom  
Asthma - DEHP 

Rhinitis - BBzP 
3-8y 

Hsu et al. (2012) (Taiwan) 

Cross-sectional 
101 Bedroom  

Rhinitis - BBzP 

Asthma - null results  
3-9y 

Kolarik et al. (2008) 

(Bulgaria) 

Cross-sectional 

184 Bedroom  Wheeze - DEHP 2-7y 

Navaranjan et al. (2021) 

(Canada) 

Longitudinal 

726 
Bed- and living 

room  

Wheeze – DiBP, BBzP 

and DEHP 

Asthma - DEHP 

1, 3, 

5yb 

Zhang et al. (2021) 

(China) 
266 

Elevated 

surface  
Asthma ~7yc 

a Mean 10.3y (SD 2.8) 
b One exposure assessment and three outcome assessment time points at 1, 3, and 5 years 
c A fraction of 78% of children were older than 7y 
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Table A5. Longitudinal studies of prenatal phthalate exposure and child airway 

outcome 

Study (Country)  
Size 
(N) 

Trimester 
of preg-
nancya Outcome 

Age of 
the 

child 
(years) Association 

Adgent et al. 

(2020) (US) 
1,489 3rd 

Wheeze, 

asthma 
4-5 

Adverse mixture 

effect if mother did 

not have asthma 

Ait Bamai et al. 

(2018) (Japan) 
~200 2nd-3rd (b)  

Wheeze 

girls 
1.5-7 DEHP wheeze girls 

Berger et al. 

(2019) (US) 
392 2nd Asthma 7 DiNP asthma 

Buckley et al. 

(2018) (US) 
164 3rd Asthma 6-7 

Protective effect from 

DEP and DnBP 

Gascon et al. 

(2015) (Spain) 
391 

1st and 3rd 

average 

Wheeze, 

asthma 
0-7 

BBzP and DEHP 

wheeze and asthma 

Jahreis et al. 

(2018) (Germany) 
371 3rd Asthma 6 DnBP asthma 

Jøhnk et al. 

(2020) 

(Denmark) 

552 3rd Asthma 5 No effect 

Ku et al. (2015) 

(Taiwan) 
171 3rd Wheeze 8 BBzP wheeze 

Podlecka et al. 

(2020) (Poland) 
145 3rd Asthma 2 and 9 BBzP asthma 

Shu, Wikström, et 

al. (2018) 

(Sweden) 

1,062 1st 
Wheeze, 

croup 
1 

DiNP wheeze 

BBzP and DEHP 

croup 

Smit et al. (2015) 

(Ukraine and 

Greenland) 

1,024 Prenatalb Wheeze 5-9 DEHP wheeze 

Vernet et al. 

(2017) (France) 
587 2nd-3rd Asthma Boys 5 DiNP asthma 

Whyatt et al. 

(2014) (US) 
300 3rd Asthma 5-11 

DnBP and BBzP 

asthma 
a Exposure assessed as biomarkers in urine unless stated otherwise (footnote b) 
b Exposure assessed as biomarkers in blood plasma/serum 
 

 

 





Phthalates: A Full Chain Story

The indoor environment is important for our health; still, a mix of phthalates, 
that are either non-regulated or classed as hazardous, can be detected in dust in 
our homes. The phthalates have leached from various products and building 
materials such as plastics, electronics, perfume, and interiors. Should this make 
us concerned?

This thesis has followed indoor phthalate exposure from vinyl (PVC) flooring 
materials to dust, to phthalate intake among pregnant women, and finally to 
investigated if airway symptoms in young children are linked to either phthalate 
exposure of the fetus or phthalates in bedroom dust.

The results show that phthalates from vinyl floorings can be followed through this 
full exposure chain. Both regulated and non-regulated replacement phthalates 
were associated with human intake and airway symptoms in children. Combined 
with other research results, this implies that using new phthalates as replacements 
might not be optimal, and we could consider regulating phthalates as a group. 
Although the risk is relatively low for the individual, reducing phthalate sources 
and exposure during early human development may have benefits on a public 
health level and contribute to more sustainable use of resources.
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