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The results of the studies of phthalates’ content in the indoor and outdoor air on the territory of pre-

school and school educational institutions, the definition of phthalates metabolites in the urine and pa-
rameters of lung function of children attending these institutions are presented in the work. The 
HPLC/MS method detected the presence of 4 phthalates in 7 analyzed rooms and the air of pre-school 
and school facilities in the range 0.0002-0.00116 mg/m3 concentrations. The method of HPLC/MS/TFE 
metabolites detected the presence of phthalate (monometylphthalate, monobutylphthalate, monohexylil-
phthalate) in the urine of children in the concentration range of 0.00039-0.012 mg/m3. Analysis of de-
pendencies of "the concentration of phthalate metabolites in the urine - the parameters of pulmonary 
function" revealed a statistically significant correlation coefficients (p<0.05) of directly proportional 
dependency of Gensler index (FEV1/SVC) and instantaneous space velocity (MEF 25, 50, 75) on the 
concentration of monophthalates in urine of the girls. A statistically significant correlation of coefficients 
(p<0.05) inversely proportional to the forced vital capacity (FVC), forced expiratory volume in the first 
second (FEV1) and the instantaneous volume velocity after exhaling 50% (MEF 50) from monophta-
lates’ concentration in the boys’ urine.  

Key words: phthalates monometylphthalate, monobutylphtalate, monobenzylphtalate, mono-2-
ethylhexylphthalate, high performance liquid chromatography / mass spectrometry, atmospheric air, 
lung function parameters. 
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INTRODUCTION. Phthalates are 1,2-
benzenedicarboxylic (o-phthalic) acid ethers; syn-
thetic compounds are widely used as plasticizers in 
the production of polymeric materials for the 
household, industrial, medical and food purposes. 
The substances are persistent organic pollutants 
ubiquitous in the environment [4]. Phthalates are 
present in a variety of films, shoes and clothing 
made of artificial leather and synthetic fabrics, con-
struction and finishing materials (washable wallpa-
per, linoleum, paints, varnishes, etc.), toys, syring-
es, blood containers, capsules for pharmaceuticals, 
packaging materials, repellents, cosmetics, per-
fumes and many other articles [4, 13]. Phthalates 
are released by the products based on polyvinyl 
chloride, polystyrene, synthetic and natural rub-
bers. In the polymeric materials, phthalates are not 
chemically linked to polymer molecules, and are 
easily released by heated finished products. One 
reason for the wide spread of phthalates in the envi-
ronment is their ability to migrate into the contact 

medium, eg, air, water, food, which increases with 
increasing temperature and contact time. 

Diethyl phthalate and dibutyl phthalate had 
the highest concentrations in the indoor air [12]. 
According to the 1999-2000 research conducted in 
the US, the metabolites of these phthalates were 
found in biological media of the adult population 
[7].  

Exposure to phthalates in a domestic envi-
ronment is expressed in the hormonal and repro-
ductive dysfunctions, genotoxicity, carcinogenesis, 
and other health disorders [14-17]. Phthalates bear 
the risk of respiratory diseases in adults and chil-
dren. Increased incidence of respiratory tract and 
bronchial obstruction were registered in children 
living in homes with plastic panels and PVC build-
ing materials [10, 12]. Studies by Hoppin et al 
found a strong correlation between the increased 
content of monobutyl phthalate in urine and de-
creased three indicators of lthe ung function in men 
- forced vital capacity (FVC), forced expiratory 
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volume in the first second (FEV1), and peak volu-
metric expiratory flow (PEF), contributing to the 
breathing difficulty [9]. 

After intake, phthalate transform into mono-
compound ethers which include alkylated or aryl-
substituted ethers of 1,2-benzenedicarboxylic acid 
(monophthalates). In animal studies, some 
phthalates and their primary metabolites– mo-
noethers of 1,2-benzenedicarboxylic acid - act as 
potent reproductive toxicants [8, 11]. Monoph-
thalates are found in urine in the bound and free 
states. Fixation of monophthalates occurs as a re-
sult of conjugation with glucuronic acid to form a 
glucuronide which enhances the water solubility of 
the metabolic products and are excreted with urine. 

The widespread presence of phthalates in the 
environment, their role in shaping the risk of some 
diseases, the need to gather evidence of the associ-
ated hazardous effects make quantitative assess-
ment of the health impact of phthalates an im-
portant task. 

One approach to the assessment of the ad-
verse effects of toxicants is to quantify the expo-
sure of markers - chemical compounds and their 
metabolites - in human biological samples (blood, 
urine, exhaled air, etc.), and then to establish their 
relationship with the body's response [2, 5, 6]. 

The paper presents the results of the identifi-
cation of phthalates in the indoor air of pre-schools 
and secondary schools, measurements of the con-
centrations of phthalate metabolites in the child 
urine, as well as spirometric studies of the pulmo-
nary function in children exposed to phthalates. 

METHODOLOGY. To identify the effects 
of phthalates on the respiratory function in chil-
dren, biological environments of children were ana-
lyzed (n = 89), including 50 boys aged 5-10 and 39 
girls aged 5-11 attending pre-school and secondary 
school. 

A biomedical study was carried out in ac-
cordance with the ethical principles for biomedical 
research set out in the Declaration of Helsinki (as 
amended in 1983), and the Russian national stand-
ard GOST R 52379-2005. Written informed con-
sents to voluntary participation in the biomedical 
research carried out by specialists of the "Federal 
scientific center for the medical and preventive 
health risk management technologies” were col-
lected from each child's legal representative includ-
ed in the sample. 

The analysis of four monophthalates in urine 
- monomethyl ether of 1,2-benzenedicarboxylic 
acid (mono-Methyl Phthalate MMP), monobutyl 
ether of 1,2-benzenedicarboxylic acid (mono-Butyl 

Phthalate, MBP), mono (2-ethylhexyl) ether of 1,2-
benzenedicarboxylic acid (mono-Ethylhexyl 
Phthalate, MEHP) monobenzyl ether and 1,2-
benzenedicarboxylic acid (mono-Benzil Phthalate, 
MBzP) - was performed on Agilent 1200 liquid 
chromatograph (USA) in combination with a quad-
rupole mass spectrometer detector LC / MS (QQQ) 
6460 Agilent Technologies (USA) using elec-
trospray ionization .  

Fresh samples were centrifuged, and then en-
zymatic deglucuronization was performed with β-
glucuronidase to кусушму акуу monophthalates. 
Extraction of the analyzed phthalates from urine 
was performed by the method of solid-phase ex-
traction using Oasis HLB cartridges. The extraction 
rate of MMP equaled101%, MBP - 96%, MEHP - 
102%, and MBzP - 82%. Quantitative determina-
tion was carried out using the method of absolute 
calibration. The bound of relative error of meas-
urement of monophthalates in urine with the prob-
ability P = 0.95 (accuracy) did not exceed 25-28%, 
relative standard deviation of repeatability did not 
exceed 10-14%, the relative standard deviation of 
reproducibility did not exceed 9-11%. 

Selective determination of MMP, MBP, 
MBzP, and MEHP in urine was performed on 
mass-spectrometric detector, using selective reac-
tion monitoring mode (SMR) by receiving specific 
pairs of parent and daughter ions in the conditions 
of electrospray ionization in negative polarity mode 
(Table. 1). 

Determination of the levels of 7 phthalates 
(dimethyl phthalate, diethyl phthalate, dibutyl 
phthalate, benzylbutyl phthalate, di-(2-ethylhexyl) 
phthalate, diisodecyl phthalate, didodecyl 
phthalate) in indoor and outdoor air in pre-schools 
and secondary schools attended by the surveyed 
children was conducted by the method of 
HPLC/MS/MS with electrospray ionization. The 
samples were collected on glass fiber filters, and 
sorbent Tenax. To extract phthalates from Tenax 
and filters, acetonitrile was used. Quantitative de-
termination was carried out by the method of abso-
lute calibration. The range of quantification of 
phthalates in air totaled 0.0002-0.3 mg/m3. The 
bound of relative error of measurement of monoph-
thalates in urine with the probability P = 0.95 (ac-
curacy) did not exceed 15-30%, relative standard 
deviation of repeatability did not exceed 5-14%, 
relative standard deviation of reproducibility did 
not exceed 6-15%. 

Selective determination of phthalates was 
performed by the method of HPLC/MS/MS on liq-
uid chromatograph Agilent 1200 with quadrupole 
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mass spectrometer detector LC/MS while using 
electrospray under positive polarity by obtaining 
specific pairs of parental and supporting daughter 

ions in the  selective monitor response mode 
(SMR) (see Table. 2). 

Table 1  

Characteristic of ions for qualitative and quantitative determination of monophthalates in urine on 
mass spectrometric detector LC/MS (QQQ) 

№  
 Substance Mol.weight Parent ion, m/z Daughter ion, 

m/z 
1 mono-Methyl Phthalate 180,16 179 77 
2 mono-Butyl Phthalate 222,24 221 77 
3 mono-Benzil Phthalate 256,25 255 77 
4 mono-2-Ethylhexyl Phthalate 278,34 277 134 

 

Table 2  

Characteristic of ions for qualitative and quantitative determination of phthalates in air using mass 
spectrometric detector LC/MS (QQQ) 

№ 
 Substance Mol.weight Parent ion, m/z Daughter ion, 

m/z 
1 Dimethyl Phthalate 194,2 195,1 163,1 
2 Diethyl Phthalate 222,2 223,1 149 
3 Dibutyl Phthalate 278,4 279,2 91 
4 BenzylButyl Phthalate 312,4 313,2 149 
5 Di-(2-ethylhexyl) phthalate 390,6 391,3 149 
6 Diisodecyl phthalate 447 447,4 149 
7 Didodecyl phthalate 502,8 503,4 149 

 
Spirometry was performed by the Depart-

ment of Functional Diagnostics of the Federal Sci-
entific Center for the Medical and Preventive 
Health Risk Management Technologies using spi-
rometric computer system MasterScreen IOS by 
Erich Jaeger (CareFusion, Germany). In the calcu-
lations, the proper values by Jaeger standart pro-
posed by the developer were used. The measure-
ments of the lung function was performed by the 
following parameters: forced vital capacity (FVC), 
slow vital capacity (SVC), forced expiratory vol-
ume in the first second (FEV1), Gensler index 
(FEV1 / SVC), peak expiratory flow (PEF), instan-
taneous space velocity after exhaling 25% of 
forced vital capacity (MEF 25), instantaneous vol-
ume velocity after exhaling 50% of forced vital 
capacity (MEF 50), instantaneous volume velocity 
after exhaling 75% of forced vital capacity (MEF 
75). 

The relation between the monophthalate con-
tent in urine and the lung function parameters in 
children was examined with the help of linear re-
gression analysis. The quality of the model was 
estimated using the determination coefficient ( 2R ). 
This coefficient describes the ratio of the explained 
variance by the variables included in the model. 
The significance of the relations was evaluated 
using Student's test [16]. 
RESULTS AND DISCUSSION. Table 3 below  
shows the results of the analysis of the lung func-
tion parameters (M±m) and standard values on a 
group average (girls, boys). Overall, the groups 
show a higher MEF 25 and MEF 50 indicators, and 
a positive FEV1 for girls; and lower FVC, PEF, 
MEF 25 and MEF 50 for boys as compared to the 
standard values.  
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Table 3 
The Results of a Spirographic Study in Children (n=89), 2015 

Indicator, units 
Girls (n=39) Boys (n=50) 

Norm M±m Norm M±m 

Forced vital capacity (FVC), dm3 1,79 1,77± 
0,16 2,07 1,908± 

0,149 
forced expiratory volume in the first second (FEV1), 
dm3 1,85 1,61± 

0,14 1,94 1,88± 
0,32 

FEV1/SVC ratio, % 90,41 90,30± 
2,50 89,8 90,26± 

1,91 

peak expiratory flow (PEF), dm3/s 3,50 3,46± 
0,42 3,74 3,46± 

0,28 
Instantaneous space velocity after exhaling 25% of 
forced vital capacity (MEF 25), dm3/s 1,22 1,29± 

0,17 1,27 1,24± 
0,14 

instantaneous volume velocity after exhaling 50% of 
forced vital capacity (MEF 50), dm3/3 2,30 2,34± 

0,23 2,41 2,34± 
0,19 

instantaneous volume velocity after exhaling 75% of 
forced vital capacity (MEF 75), dm3/s - 3,11± 

0,28 - 3,27± 
0,25 

Slow vital capacity (SVC), dm3 - 1,83± 
0,57 - 1,91± 

0,20 
 

Table 4 below shows the results of the analy-
sis of phthalate metabolites in child urine (M±m). 
The presence of mono-Methyl Phthalate was regis-
tered in 33% of children, mono-Butyl Phthalate – 

in 18%, and mono-Ethylhexyl Phthalate – in singu-
lar cases (4.9%) in the concentration range of 
0,00039-0,012 mg/dm3, 0,00072-0,0104 mg/dm3 
and 0,0007-0,0009 mg/dm3 respectively. 

Table 4 
 

The Results of the Analysis of Monoethers of 1.2-1,2-Benzenedicarboxylic Acid in Child Urine Con-
ducted by the Method of HPLC/MS/MS (n=89), 2015 

 

Identified Compound Monophthalate concentration in urine, mg/dm3 
Girls (n=39) Boys (n=50) 

 Norm M±m Norm M±m 
MMP 0 0,0015±0,0009 0 0,0014±0,0007 
MBP 0 0,00074±0,0003 0 0,00106±0,0006 
MBzP 0 0 0 0 
MEHP 0 0,00002±0,00001 0 0,00006±0,00003 
Total monophthalates 0 0,00206±0,00038 0 0,00252±0,00032 

 
Analysis of the phthalate concentrations in 

the indoor air of pre-schools (n=35) showed the 
presence of diethyl phthalate in 17% of samples 
with the concentration range of 0,00028-0,00061 
mg/m3, dibutylphthalate - 42% of samples with 
the concentration of 0,00052-0,00116 mg/m3, di-
(2-ethylhexyl)phthalate - in 31% of samples with 
the concentration range of 0,00023-0,0035 
mg/m3, and  diisodecylphthalate – in 11% of 

samples with the concentration of 0,0002 mg/m3, 
which is below the current hygienic standards on 
the phthalate concentrations in air  (SRLI 0,1-
0,01 mg/m3, MPC d. av. 0,007 mg/m3). In the 
outdoor air at the pre-schools (n=6), dieth-
ylphthalate (0,00028 mg/m3) and di-(2-
ethylhexyl)phthalate (0,0021mg/m3) were regis-
tered in singular cases. The maximal level of in-
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door and outdoor air pollution was registered with 
dibutylphthalate and di-(2-ethylhexyl)phthalate. 

In the indoor air of schools (n=15), the pres-
ence of the following compounds was registered: 
diethylphthalate – in 53% of samples with the con-
centration of 0,00021-0,00054 mg/m3, dibu-
tylphthalate - in 46% of samples with the concen-
tration of 0,00026-0,00075 mg/m3, di-(2-
ethylhexyl)phthalate - in 6% of samples with the 
concentration of 0,00026 mg/m3, and 
diisodecylphthalate - in 26% of samples with the 
concentration of 0,00024-0,00025 mg/m3. In the 
outdoor air at schools (n=6), the following com-
pounds were registered in singular cases: dibu-
tylphthalate (0,00042-0,00078 mg/m3) and 
diisodecylphthalate (0,00024 mg/m3) below the 
hygienic standards. The biggest indoor air pollu-
tants were diethylphthalate and dibutylphthalate, 
and outdoor air pollutants – dibutylphthalate.  

The presence of phthalates in the indoor and 
outdoor air indicates their chronic impact on public 
health via the inhaled air. 

The results of the calculations yielded the 
approximation data on the ‘monophthalate (total 
monophthalates) – lung function parameter’ corre-
lation for boys and girls aged 6, 7, 8, and 9 (if a 
sample was small, the children of two age groups 
were combined into one group), as well as aged 5-
11 for girls and 5-10 for boys. Statistically signifi-
cant correlation coefficients (p<0.05) were estab-
lished of directly proportional dependencies of 
Hensler Index (FEV1/SVC) and instantaneous vol-
ume velocity (MEF 25, 50, 75) and monophthalate 
concentrations in urine for girls (Table 5, Figures 1, 
2).  

Statistically significant correlation coeffi-
cients were determined in boys (р<0,05) of inverse 
relationships between FVC, FEV1, MEF50, and 
monophthalate concentration in urine (Table 6, 
Figure 3, 4).  

 
Table 5 

Statistically significant dependences between the lung function parameters and monophthalate con-
tent in urine in girls (n=39), 2015 

Dependency Group y = ax + b R2 р 
MMP / Hensler Index  6-11 y.o. y = 1060,9x + 88,7 0,5525 <0,05 
MMP / MEF50  5-11 y.o. y = 85,658x + 2,1 0,2952 <0,05 
MBP / MEF50  7-10 y.o. y = 165,76x + 1,8 0,7216 <0,05 
Total MP / Hensler Index 5-11 y.o. y = 1174,4x + 85,3 0,4898 <0,05 
Total MP / MEF25  5-11 y.o. y = 98,274x + 0,8 0,6311 <0,05 
Total MP / MEF50  5-11 лет y = 58,766x + 1,8 0,1635 <0,05 
Total MP / MEF75  5-11 лет y = 85,35x + 2,8 0,1608 <0,05 

 

  

 
Figure 1. Approximation of the dependence between 
mono-Methyl Phthalate in urine of girls and Hensler 

Index (6-11 y.o.)  

 
емкости легких (MEF25)» (группа 5–11 лет) 

Figure 2. Approximation of the dependence be-
tween total phthalates in urine of girls and MEF25  

(5-11 y.o.)  
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Hensler Index, % 

Mono-Methyl Phthalate content in urine, mg/dm3 

 

Total monophthalate content in urine, mg/dm3 

 

 
Table 6 

 
Statistically significant dependences between the lung functionparameters and monophthalate con-

tent in urine in boys (n=50), 2015 
Dependency Group y = ax + b R2 р 

MMP / FVC 7 y.o. y = -78,924x + 1,8669 0,9341 <0,05 
MMP / FEV1 7 y.o. y = -81,267x + 1,7486 0,8279 <0,05 
MBP / FEV1  9 y.o. y = -1594x + 4,4341 0,9852 <0,05 
Total MP / Hensler Index 5-10 y.o. y = 872,88x + 87,021 0,1363 <0,05 
ММФ / MEF50 5-6 y.o. y = -121,16x + 2,3149 0,6043 <0,05 

 
 

  

Figure 3. Approximation of the dependence be-
tween total phthalates in urine of girls and MEF50 

(5-6 y.o.) 

MMP concentration in irine, mg/dm3 

 

Figure 4. Approximation of the dependence be-
tween total phthalates in urine of girls and FEV 1 

(7 y.o.) 

 

Overall, the analysis revealed depression of 
the lung function due to elevated levels of monoph-
thalates in urine of boys as opposed to girls which 
showed mainly positive statistically significant re-
gression coefficients (0,1608-0,7216). 
CONCLUSIONS 

1. In 11-42% of the indoor air samples 
(preschools), the presence of 4 (diethylphthalate, 
dibutylphthalate, di-(2-ethylhexyl)phthalate, and 
diisodecylphthalate) out of 7 analyzed phthalates 
was registered. The concentrations were registered 
at 0,0002-0,0035 mg-m3 which was below the hy-
gienic standards. 

Outdoor air samples (preschools) revealed 
in singular cases the presence of diethylphthalate 

and di-(2-ethylhexyl)phthalate at 0,00028-0,0021 
mg/m3 which was also below the hygienic stand-
ard.  

2. In 6-53% of the indoor air samples (sec-
ondary schools), the presence of 4 (dieth-
ylphthalate, dibutylphthalate, di-(2-
ethylhexyl)phthalate, and diisodecylphthalate) out 
of 7 analyzed phthalates was registered at the con-
centration of 0,00021-0,00075 mg/m3. 

Outdoor air samples (secondary schools) 
revealed the presence of dibutylphthalate and 
diisodecylphthalate at the concentration of 
0,00024-0,00078 mg/m3 which was also below the 
hygienic standards.  
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The biggest indoor air pollutants (pre-
schools and secondary schools) included 
dibytylphthalate, di-(2-ethylhexyl)phthalate, and 
diethylphthalate. Indoor and outdoor air at second-
ary schools had a higher level of pollutants.  

4. Analysis of the child urine revealed the 
presence of monomethylphthalate in 33% of the 
samples monobutylphthalate – in 18%, and mo-
noethylhexylphthalate in singular cases (4.9%) at 
0,00039-0,012 mg/dm3, 0,00072-0,0104 mg/dm3 
and 0,0007-0,0009 mg/dm3 respectively.  

5. Hensler Index (FEV1/SVC) and instan-
taneous volume velocity (MEF25, 50, and 75) were 
proved to be significantly related to the increased 
concentrations of monomethylphthalate, mono-
butylphthalate and total monophthalates in urine of 
girls (R2=0,55; p<0,05). 

6. Forced vital capacity (FVC), forced 
expiratory volume in the first second (FEV1) and  
instantaneous volume velocity (MEF 50) were 
proved to be significantly related to decreased 
concentrations of monomethylphthalate and 
monobutylphthalate in the urine of boys (R2=0,6÷ 
0,8; p<0,05). 

7. The presence of phthalates in the indoor 
and outdoor air indicates their possible chronic im-
pact on child health through exhaled air. The ob-
tained statistically significant dependences between 
the concentration of phthalate metabolites in urine 
and biological response (lung function parameters) 
could serves as evidence of the negative health ef-
fects associated with chronic phthalate inhalation 
exposure of children.  
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