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Introduction

With their favourable properties, phthalic acid esters 
(PAE) find a wide range of applications in numerous fields 
of industrial production for their high stability and low 
volatility [1]. As a result, they have become ubiquitous in 
the environment. Despite efforts to reduce their production 
and replace the compounds with substances less harmful to 
human health, the substances can still be found in a number 
of common everyday products such as paints, varnishes, 
sealants, adhesives, floor coverings, coats, household 
equipment, clothing, cosmetics, and healthcare products, 
and to a limited extent in food packaging materials [2-4].

While potential routes of human exposure consist 
of air, skin contact, and water, food is considered the 
main source of exposure to phthalates in humans. Foods 
can be contaminated with phthalates from the very 
beginning, through contamination of input materials, 
during processing, and up to the contamination of finished 
products by packaging materials [5].

Since agricultural land is a factor for the quality and 
health safety for foods of both plant and animal origin, 
knowing the contents of contaminants in soils is of utmost 
importance. Elevated concentrations in agricultural 
soils tend to be the result of increased human activity, 
particularly in areas with intense industrial activities 
where there is chiefly atmospheric deposition of these 
substances, via both wet and dry routes. Elevated levels 
in such areas tend to be detected for other contaminants 
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as well, such as PCBs, PAHs, and heavy metals. Other 
reasons for the elevated concentration can often include 
an intense agricultural activity [4, 6, 7].

Thus, plants can easily receive the substances while 
absorbing nutrients, which particularly occurs via the root 
system and green aerial parts. This may lead to the food 
chain becoming contaminated [6]. Plant species specificity 
is an important factor for the uptake of these substances by 
the plant [8].

The lipophilic nature of phthalates can also cause 
phthalates to accumulate in animal tissues (muscle, fat) 
from feedstuffs and the environment. Phthalates can also 
pass from the digestive tract into milk [9]. The milk of sheep 
grazing on pastures fertilised with sludge originating from 
water treatment plants and containing a certain quantity of 
phthalates was found to contain twice the concentration of 
phthalates compared with the surrounding environment, 
suggesting that the phthalates accumulate in milk.

The rate of accumulation of phthalic acid esters depends 
on their solubility, octanol/water partition coefficients, and 
the degradation of the esters via chemical or biological 
routes. The degradation and the corresponding half-life of 
PAE correlate with the length of the alkyl chain and PAE 
octanol/water partition coefficients [1].

Phthalates present substances potentially hazardous 
for human health, particularly because of their negative 
effects on the human reproductive system; a carcinogenic 
and teratogenic nature of phthalates was also demonstrated 
in mice, rats, or chickens [10-14].

Since dibutyl phthalate (DBP) and di2ethylhexyl 
phthalate (DEHP) are the most widespread phthalic acid 
esters (PAE) in soil and the environment, the compounds 
became the target of this study – the first of its type 
performed in the Czech Republic.

Materials and Methods

Sampling

Samples of agricultural soil were taken in coopera-
tion with the Central Institute for Supervising and Test-
ing in Agriculture in Brno. The sites were chosen from 
within the scope of the annual basal monitoring of soils 
performed by the Central Institute for Supervising and 
Testing in Agriculture. The placement of the sites allows 
the determination of any chosen parameter so that the re-
sults could characterize the entire studied area, after prop-
er statistical evaluation of the results is performed. The 
approach focused on an areally uneven network with pro-
portional representation of the main soil types and indi-
vidual agricultural cultures grown in the area. The samples 
included soils from 12 out of the 14 administrative regions 
of the Czech Republic: South Bohemian, Central Bohe-
mian, Plzeň, Karlovy Vary, Ústí nad Labem, Liberec, Par-
dubice, Vysočina, Zlín, South Moravian, Olomouc, and 
Moravian-Silesian. 

Soil samples were collected from upper horizons, the 
horizon depth varying per culture. The following horizon 

samples were taken: arable land (AL) 0-25 cm, permanent 
grassland (PG) 0-10 cm with the removal of the top layer 
of the turf, hop-field (HF) 10-40 cm, with about 0.5 kg of 
soil per horizon sampled. The quantity was manually ho-
mogenised in the field, while removing the coarser skel-
eton. Packed and labelled, the samples were transported 
in cooling boxes and then stored in a freezer at -18ºC until 
transferred to the laboratory.

Chemicals and Equipment

Lyophiliser Alpha 1-2 LD Plus (Christ, Germany) was 
used for freeze-drying the samples. Sample extraction 
was carried out using a PS 10000 ultrasonic device (No-
tus-Powersonic, Slovakia), with an acetone-hexane p.a. 
mixture used for extraction (Penta, Czech Republic). The 
extracts were evaporated using an RV 05-ST rotary vacu-
um evaporator (JK IKA-Werke, Germany) and then dried 
with technical nitrogen 4.0 (SIAD, Czech Republic). Puri-
fication of the sample was done by concentrated sulphuric 
acid p.a. (Penta, Czech Republic) with use of a 3005 shak-
er (GFL, Germany) and a Universal 32R centrifuge (Het-

Fig. 1. Comparison of dibutyl phthalate concentrations in 2011, 
2012, and 2013.

Fig. 2. Comparison of di 2 ethylhexyl phthalate concentrations in 
2011, 2012, and 2013.
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tich, Germany). The analysis was carried out using an HP 
1100 liquid chromatograph (Agilent Technologies, USA), 
and a Zorbax Eclipse XDB-C8 column, 150 x 4.6 mm,  
5 μm (Agilent Technologies, USA). DEHP (Fluka Analyt-
ical, Germany) and DBP (Supelco Analytical, USA) stan-
dards were used for this study. Gradient-grade acetonitrile 
(JT Baker, the Netherlands) was used as the mobile phase.

Sample Pre-Treatment

The frozen samples were thawed and about 10 g of 
soil were removed from each. Subsequently, the 10 g of 
soil were refrozen and then freeze-dried, followed by ex-
traction by the acetone-hexane 1:1 mixture using the ul-
trasonic device; this was repeated three times within five 
minutes. The combined extracts were filtered and con-
centrated using a vacuum rotary evaporator and com-
pletely dried with nitrogen. The extracts were then trans-
ferred into vials using hexane. This was followed by a 
purification with sulphuric acid, which was first concen-
trated and then hydrated [15]. The purified samples were  
further dried with nitrogen until dry and acetonitrile was 
then added with a standard addition of DBP and DEHP 
(39 μg/ml) to a volume of 1 ml. Analysis of all samples 
was performed in duplicate.

HPLC Analysis

Phthalate analysis was performed using HPLC with 
UV detection at a wavelength of 224 nm. All samples 
were injected twice. Sample injection volume was 10 μl. 
The column used was Zorbax Eclipse C8, with acetonitrile 
used as the mobile phase. The results were evaluated by 
the calibration curve using Agilent ChemStation software 
for LC and LC/MS systems. The calibration curve was 
created in the concentration range of 1-112 μg/ml for DBP 
and DEHP, with the correlation coefficient being 0.9999 
for DBP and 0.9999 for DEHP. 

The yield of the method achieved values of 91±9% for 
DBP and 93±12% for DEHP at a concentration level of  
3.6 μg/g (DBP and DEHP).

Results and Discussion

The concentrations of phthalic acid esters identified 
in this study are in the order of hundredths of mg per kg 
DM wt. As is evident from Figs 1 and 2 provided below, 
the values are comparable with other studies carried out in 
Europe [4, 16, 17]. When compared with studies carried 
out in Asia, the results of these studies range in the order 
of tenths of mg per kg DM wt [6, 7, 18, 19]. 

The elevated content of phthalates in the soil is 
hazardous due to possible transfer to the plant via the 
root system, which naturally depends on the type of plant; 
bioconcentration factors are, however, relatively low [8]. 
There is also a particular risk of phthalates accumulating 
as lipophilic substances in animal fats [9, 20]. Fierens 
et al. [21] examined the effect of the environment and 
milking equipment on the phthalate content in cow’s milk 
from two farms. The concentration of phthalates in the soil 
was the basis for the computing values of phthalate uptake 
from soil.

The content of phthalic acid esters in soils varied based 
on the soil cultivation method. The total content of dibutyl 
phthalate and di2ethylhexyl phthalate based on the culture 
is shown in Fig. 3.

When comparing the concentration levels established 
in the present study with the values set by the Ministry 
of the Environment of the Czech Republic and stated in 
its guideline stemming from the regional screening levels 
published by the United States Environmental Protection 
Agency, none of these values were exceeded in this study 
[22].

Van Wezel et al. [23] determined in their study the 
values of environmental risk for DEHP and DBP. For soil 
and sediments containing 10% organic matter, it is about  
0.7 mg per kg of native weight for DBP and 1.0 mg per kg 
of native weight for DEHP.

Conclusion

Monitoring phthalic acid esters in agricultural soils is 
very important not only in terms of environmental safe-
ty, but generally also in terms of safety of the food chain 
– thus also the protection of human health. The concen-
tration levels described in this study were identified by 
means of high-performance liquid chromatography with 
UV detection. The observed levels lie far below the lim-
its recommended by the Ministry of Environment of the 
Czech Republic. In 2013, there was no significant increase 
or decrease in the concentration of each of the phthalic 
acid esters compared to 2012 and 2011.
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