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Abstract
The uptake and accumulation of di-n-butyl phthalate (DBP) in six leafy vegetables was investigated under
hydroponic conditions. The test vegetables were six varieties of Brassica campestris ssp., including Kangresijiqing
(KRSJQ), Xiadiqing (XDQ), Ziyoucai (ZYC), Aijiaohuang (AJH), Shanghaiqing (SHQ) and Gaogengbai (GGB). The root
concentration factor (RCF), translocation factor (TF) and transpiration stream concentration factor (TSCF) were
calculated in order to compare the difference of uptake and accumulation behaviours of DBP in vegetable varieties.
The results showed that DBP was easily concentrated in vegetable roots, but was poorly translocated from the
roots to the shoots. Among the six vegetables, the ability of concentrating DBP from the solution to shoots was the
highest in GGB, followed by ZYC, KRSJQ, AJH, SHQ and XDQ. High concentrations of DBP (5.0 mg/L) seem to inhibit
normal physiological activity in the vegetables, which resulted in a higher RCF and a lower TF and TSCF than in
low-concentration treatment. The results will help to evaluate the safety of agricultural products and to provide
evidence for screening DBP pollution-safe vegetable cultivars.
Keywords: Di-n-butyl phthalate, Root uptake, Root concentration factor, Translocation factor, Transpiration stream
concentration factor

Introduction
Phthalic acid esters (PAEs) are widely used in industrial
and household products, such as general plastic products,
plastic films, toys, personal care products, food packaging
and medical products (Stales et al. 1997; Wang et al. 2013;
Zolfaghari et al. 2015; Pan et al. 2017). Widespread use of
PAE-containing products has resulted in frequent PAE occurrence in water (Gao et al. 2014), soil (Xu et al. 2008),
air (Bergh et al. 2011), food (Zhu et al. 2006; Nanni et al.
2011) and biota (Huang et al. 2008; Net et al. 2015).
Therefore, extensive plastic and waste disposal make PAEs
become problematic environmental contaminants. Generally, PAEs show toxicity and biological effects such as
teratogenicity, carcinogenicity, and mutagenicity (Wang
et al. 2015c; Li et al. 2016), and six PAEs are listed as
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priority pollutants by the United States Environmental
Protection Agency (U.S. EPA).
Di-n-butyl phthalate (DBP) is one of the most frequently identified PAEs in environmental samples
(Vikelsøe et al. 2002; Shailaja et al. 2007). The present
and distribution of DBP in the agricultural soils have
been investigated. For example, the concentration of
DBP ranged from 0.009 to 2.74 μg/kg in the agricultural
soils from Haizhou district, Guangzhou, China (Zeng
et al. 2008), from 0.099 to 8.54 μg/kg in agricultural soils
with plastic film mulching from Shandong, China (Li
et al. 2016), and from 0.083 to 6.31 μg/kg in vegetable
soils from suburbs of Xianyang, China (Wang et al.
2015b). Much research has reported that the DBP from
plastics or PAE-contaminated soils could be taken up by
plants and the concentration of DBP varied according to
the variety of plants (Blaine et al. 2013). Wang et al.
(2015a) has reported that 79.5% of vegetable samples
exceeded maximum residue limits (0.3 mg/kg) in food.
Some studies have demonstrated that DBP affects the
growth of vegetables (Dueck et al. 2003; Liao et al.
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2009). Both DBP and its primary metabolite, mono-nbutyl phthalate (MBP), can be taken up and translocated
in three common vegetables or fruit species (Sun et al.
2015). Lin et al. (2016) studied how DBP entered the
roots of pumpkin seedlings and concluded that the uptake of DBP included a carrier-mediated and energydependent process that did not involve the participation
of aquaporins. It is extremely important to research the
absorption and translocation of DBP by plants (Yin et al.
2003; Cai et al. 2008; Cai et al. 2017), but investigations
of the uptake and distribution of DBP in vegetable cultivars are scarce.
In this study, an absorption experiment under hydroponic conditions was carried out to investigate the uptake and translocation of di-n-butyl phthalate (DBP) by
six leafy vegetables, including Kangresijiqing (KRSJQ),
Xiadiqing (XDQ), Ziyoucai (ZYC), Aijiaohuang (AJH),
Shanghaiqing (SHQ) and Gaogengbai (GGB). All of
them are varieties of Brassica rapa. The vegetables were
hydroponically exposed to DBP at 1.0 and 5.0 mg/L for
24 h. The concentrations of DBP in solutions and plant
tissues were analysed by Agilent gas chromatographymass spectrometer (GC/MS). The root concentration
factor (RCF), translocation factor (TF) and transpiration
stream concentration factor (TSCF) were applied to
compare the differences in the uptake and translocation
of DBP in vegetable varieties.

Materials and methods
Reagents and materials

The standard DBP was purchased from Sigma-Aldrich
(St. Louis, MO, USA). Acetonitrile (HPLC grade) was
purchased from Merck Company (Darmstadt, Germany).
Graphitized carbon black (GCB), anhydrous magnesium
sulfate (MgSO4) and sodium chloride (NaCl) were obtained from Shanghai Anpel Scientific Instrument Co.,
Ltd. (Shanghai, China). The stock solutions of DBP were
prepared in acetonitrile and stored in amber bottles at −
20 °C before use.
Experimental design

The selected cultivars, namely, Kangresijiqing (KRSJQ),
Xiadiqing (XDQ), Ziyoucai (ZYC), Aijiaohuang (AJH),
Shanghaiqing (SHQ) and Gaogengbai (GGB), are widely
grown in China and varieties of Brassica campestris ssp.
the seeds of six vegetable cultivars were obtained from
Jiangsu Agricultural Academy of Sciences (Nanjing,
China). After being disinfected and activated, the seeds
were germinated in wet paper towels for 2 days at 30 °C
and then transferred to nursery trays. When the vegetables grew to the 6–8 leaf stage, the plants were transferred to 0.5-L amber containers filled with nutrient
solution. Each vegetable was exposed to two levels of
DBP added to the nutrient solution, which was modified
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from Hoagland’s nutrient solution formula (Ge et al. 2016).
The DBP concentrations were 1.0 mg/L and 5.0 mg/L. Each
level necessitated five containers, and each container
contained 2 plants. In addition, two kinds of controls were
prepared: one consisted of a group of containers that contained untreated plants but without DBP in the nutrient solution, to assess environmental pollution; and the other
consisted of hydroponic solution controls supplemented
with DBP but without plants, to assess the degradation of
DBP in the solution during the experiment. The trial was
carried out in a growth chamber. The chamber was set to
60% relative air humidity and an 8:00–22:00 light day-night
cycle. The temperature inside the chamber was 25 °C during the day and 18 °C at night.
After 24 h of growth, vegetables were collected, after
which their roots and shoots were separated. The shoots
included stem and leaves, both of which were edible.
The nutrient solution from the containers was collected,
and the volume of the nutrient solution was measured
to calculate the amount of transpiration. All samples
were stored at − 20 °C until analysis.
Extraction, purification and analysis

Five millilitres of nutrient solution were added to a 50mL glass centrifuge tube and then extracted with 10 mL
of HPLC-grade n-hexane. Then, the mixture was shaken
using a rotary shaker for 1 h. The samples were then
placed for 1 min for separation. One millilitre of the
supernatant was then filtered through a 0.22-μm membrane into a sample vial for GC-MS analysis.
The samples of vegetable tissues and the soil were prepared according to the QuECHERS method. Two grams
of homogenized plant samples was placed in a 50-mL
glass centrifuge tube, and 4 mL of HPLC-grade acetonitrile was added. The samples were then extracted in
an ultrasonic water bath for 30 min at 30 °C, after which
0.5 g of sodium chloride was added. Then, the samples
were thoroughly mixed for 1 min using a vortex mixer.
A 2-mL aliquot of the supernatant was transferred to a
10-mL glass test tube containing both 50 mg of anhydrous magnesium sulfate and 50 mg of graphitized carbon
black. The samples were then vortexed for 1 min. In the
end, 1 mL of supernatant was filtered through a 0.22-μm
membrane into a sample vial for GC-MS analysis.
All samples were analysed with an Agilent 6890 gas
chromatograph coupled with an Agilent 5973 mass
spectrometer (GC-MS). Gas chromatographic conditions
were as follows: a DB-5 capillary column with the dimensions of 30 m × 0 25 mm × 0.25 μm (Agilent, USA);
high-purity He gas (≥ 99. 999%); a flow rate of 0.5 mL/
min; an oven temperature that started at 50 °C for 1 min,
was maintained for 1 min, increased to 250 °C at a rate
of 30 °C min− 1, and was maintained for another 5 min;
an inlet temperature of 250 °C; and an injection volume of
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1 μL, in splitless mode. Mass spectrometry conditions were
as follows: an EI source temperature of 250 °C; a quadrupole temperature of 150 °C; an ionization energy of 70 eV;
and a transfer line temperature of 280 °C. The analysis was
performed in selected ion monitoring (SIM) mode. The primary characteristic m/z of DBP was 149, 206 and 91, where
the m/z of 149 was used for quantification.
Quality control/quality assurance

All analytical procedures were monitored with strict
quality assurance and quality control measures using the
procedure reported by Wu et al. (2018). The method
blanks were run with every extraction and cleanup procedures without nutrient solution and plant tissue samples. Only a very small concentration of DBP was found
in the procedural blanks which was at much lower
concentrations (generally < 5%) than those in the PAEtreated samples. The average concentrations of DBP in
procedural blanks were appropriately subtracted from
those in the corresponding sample extracts. Qualitative
analysis of DBP was based on matching the retention
time with the standard solutions and characteristic ions.
Quantitative analysis was performed by using the external calibration method based on a five-point calibration
curve, where the calibration concentration ranged from
0 to 5.0 mg/L. Besides, average recoveries and relative
standard deviations (RSDs) of DBP in different matrices
were obtained to evaluate the method performance by
analysing the three replicates of the supplemented samples at three different supplementation levels that were
between 1 and 5.0 mg/L. The average recoveries of DBP
were in the range of 76.5 ~ 88.0%, and the RSDs were in
the range of 3.01 ~ 7.07%. The linearity was strong and
ranged from 0.005 ~ 5 mg/L with R2 > 0.999. The limit
of detection (LOD) and limit of quantification (LOQ)
were 0.004 and 0.01 mg/L, respectively.
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solution multiplied by the volume of water transpired by
the plant (Trapp 2000):
TSCF ¼

Cshoot Mshoot
Csolution Vwater

where Cshoot is the DBP concentration (mg/kg) in the
vegetable shoot after exposure; Mshoot is the root dry
weight (kg) of the vegetable shoot; Vwater is the transpired volume of water (L); and Csolution is the DBP concentration (mg/L) in solution.
Besides, the independent sample T-test was used to
compare differences of the uptake and accumulation of
DBP in vegetable varieties.

Results and discussion
DBP concentration in solutions and vegetable tissues

In this study, six vegetables were exposed to the solutions with DBP at 1.0 and 5.0 mg/L. The initial concentrations of DBP in the solutions ranged from 0.57 to
0.73 mg/L for the 1.0 mg/L treatment and from 3.17 to
4.36 mg/L for the 5.0 mg/L treatment (Table 1). After
24 h of exposure, the concentrations of DBP in the solutions of the blank control ranged from 0.18 to 0.27 mg/L
for the 1.0 mg/L treatment and from 1.80 to 2.25 mg/L
for 5.0 mg/L treatment (Table 1). As can be seen, there
is approximately 30 to 40% of DBP missing in the solution of the blank control by comparison with the initial
concentration of DBP. This may indicate that a portion
of DBP in the nutrient solutions degraded during 24 h of
Table 1 DBP concentrations in the nutrient solution for six
vegetables (Kangresijiqing (KRSJQ), Xiadiqing (XDQ), Ziyoucai
(ZYC), Aijiaohuang (AJH), Shanghaiqing (SHQ) and Gaogengbai
(GGB)). Each treatment consisted of five replicates. The values
with the different letter(s) were significantly different (p < 0.05)
Treatment

Variety

C1b

C2c

KRSJQ

0.73 ± 0.05d

0.27 ± 0.01e

0.21 ± 0.01f

XDQ

0.73 ± 0.05d

0.27 ± 0.01e

0.25 ± 0.02f

ZYC

0.73 ± 0.05d

0.27 ± 0.01e

0.28 ± 0.03f

Statistical treatment of data

The root concentration factor (RCF) indicates the tendency of plant roots to take up compounds from the
medium and was defined as the ratio of the DBP concentration in roots to the DBP concentration in solutions (Kraaij and Connell 1997):

1.0 mg/L

RC F ¼ Croot =Csolution
5.0 mg/L

The translocation factor (TF) was introduced to assess
the capability of plants to translocate organic chemicals
from roots to other parts (Ge et al. 2015):
TF ¼ Cshoot =Croot :
The transpiration stream concentration factor (TSCF)
was estimated by dividing the amount of the DBP in the
foliage by the DBP concentration in the nutrient

a

DBP concentration (mg/L) in solutions
C0a

AJH

0.64 ± 0.00d

0.25 ± 0.01e

0.18 ± 0.02f

SHQ

0.64 ± 0.00d

0.25 ± 0.01e

0.21 ± 0.03f

GGB

0.57 ± 0.00d

0.18 ± 0.01e

0.16 ± 0.02f

KRSJQ

4.36 ± 0.11d

2.25 ± 0.07e

1.82 ± 0.23f

XDQ

4.36 ± 0.11d

2.25 ± 0.07e

1.76 ± 0.13f

ZYC

4.36 ± 0.11d

2.25 ± 0.07e

1.97 ± 0.11f

AJH

3.67 ± 0.15d

2.03 ± 0.01e

1.39 ± 0.09f

SHQ

3.67 ± 0.15d

2.03 ± 0.01e

1.56 ± 0.16f

GGB

3.17 ± 0.04d

1.80 ± 0.05e

1.33 ± 0.05f

DBP concentration in the solution before exposure
b
DBP concentration in the solutions without vegetables
c
DBP concentration in the solutions containing vegetables
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exposure. It has been reported that DBP has fast degradation half-lives in surface and marine waters, ranging
from 1 day to 2 weeks (Gao et al. 2014). Moreover, the
nutrient solutions were acidic, which can accelerate the
degradation of DBP (Stales et al. 1997). After exposure,
the DBP concentrations in the solutions containing vegetables ranged from 0.16 to 0.28 mg/L for the 1.0 mg/L
treatment and from 1.33 to 1.97 mg/L for 5.0 mg/L treatment (Table 1), which were much lower than in the solutions of the blank control (P < 0.05). This is likely due
to the uptake of DBP by the test vegetables from the
solution.
To investigate the uptake and translocation behaviour
of DBP in vegetables, the roots and shoots of individual
vegetables were separated and analysed. The DBP concentrations of the shoots and roots of different vegetables are shown in Table 2. As shown in Table 2, DBP
was detected in both roots and shoots, which indicates
that DBP in solutions could be taken up by the roots of
vegetables and translocated to shoots. However, the
concentration of DBP varied with vegetable variety and
tissue. For the 1.0 mg/L treatment, the concentrations of
DBP in the roots of KRSJQ, XDQ, ZYC, AJH, SHQ and
GGB were 29.20, 12.76, 20.45, 13.48, 24.69 and 43.62
mg/kg, respectively. GGB had the highest DBP concentrations in the roots, followed by KRSJQ, SHQ, ZYC,
XDQ and AJH. The DBP concentrations in the shoots
ranged from 0.07 mg/kg (XDQ) to 0.23 mg/kg (GGB).
Among six vegetables, the shoots of GGB, ZYC, KRSJQ
have a higher concentration of DBP than those of the
other three vegetables (P < 0.05). For individual vegetables,
the DBP concentration in roots was far higher than in
shoots (P < 0.05), which shows that most DBP was concentrated in the vegetable roots and less DBP was transported into vegetable shoots. For the 5.0 mg/L treatment,
the concentration of DBP ranged from 150.78 mg/kg
(AJH) to 421.69 mg/kg (GGB). The concentration of DBP
in the shoots of KRSJQ, XDQ, ZYC, AJH, SHQ and GGB
Table 2 DBP concentrations in nutrient solution and vegetable
tissues (Kangresijiqing (KRSJQ), Xiadiqing (XDQ), Ziyoucai (ZYC),
Aijiaohuang (AJH), Shanghaiqing (SHQ) and Gaogengbai (GGB))
after 24-h exposure. Each treatment consisted of five replicates.
The values with the different letter(s) were significantly different
(p < 0.05)
Variety 1.0 mg/L treatment

5.0 mg/L treatment

Root (mg/kg) Shoot (mg/kg) Root (mg/kg)

Shoot (mg/kg)

KRSJQ

29.20 ± 1.68a

0.12 ± 0.01b

301.71 ± 20.85a 0.31 ± 0.02b

XDQ

12.76 ± 1.85a

0.07 ± 0.01b

173.10 ± 12.78a 0.16 ± 0.02b

ZYC

20.45 ± 1.71a

0.13 ± 0.02b

257.81 ± 24.29a 0.33 ± 0.05b

AJH

13.48 ± 2.55a

0.08 ± 0.01b

150.78 ± 19.19a 0.30 ± 0.02b

SHQ

24.69 ± 0.95a

0.09 ± 0.01b

249.70 ± 19.66a 0.29 ± 0.03b

GGB

43.62 ± 4.28a

0.23 ± 0.03b

421.69 ± 22.76a 0.52 ± 0.03b
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were 0.31, 0.16, 0.33, 0.30, 0.29 and 0.52 mg/kg, respectively. The shoot of GGB has the highest concentration of
DBP; however, XDQ was just the opposite. By comparing
the two treatments, the concentrations of DBP in the
vegetable shoots and roots increased with increasing DBP
concentrations in the solutions.
Root concentration factor, translocation factor and
transpiration stream concentration factor

For deeply comparing the difference in the uptake and
translocation of DBP in six vegetables, the root concentration factor (RCF), translocation factor (TF) and transpiration stream concentration factor (TSCF) were computed
(Blaine et al. 2013). In general, the RCF of a compound is
related its partition coefficient in octanol/water (Kow) and
its solubility in water (Trapp 2000). The RCFs of the six
vegetables in different treatments are shown in Fig. 1. In
the 1.0 mg/L treatment, the RCFs of KRSJQ, XDQ, ZYC,
AJH, SHQ and GGB were 138, 52, 75, 73, 121 and 271, respectively. All RCFs were far larger than one, which indicates that DBP was easily concentrated in vegetable roots
from the solutions. GGB had the highest RCF value,
followed by KDQ, SHQ, ZYC, AJH and XDQ. This indicates that GGB has the greatest ability to concentrate DBP
in its roots from the solutions; however, XDQ had the
weakest ability. The difference may be attributed to the
properties of the vegetables, such as root lipid content,
transpiration volume and the length of the root (Wu et al.
2013). For the 5.0 mg/L treatment, the RCFs of the six
vegetables ranged from 109 to 317. GGB had the highest
RCF value, followed by KRSJQ, SHQ, ZYC, AJH and
XDQ. Moreover, the RCFs for individual vegetables in the
5.0 mg/L treatment were higher than in the 1.0 mg/L
treatment (P < 0.05), which seems to indicate that the
vegetable has a higher ability to concentrate DBP in roots
in high-level treatment.
The TFs of the six vegetables in the different treatments are shown in Fig. 2. In the 1.0 mg/L treatment,
the TF values of the six vegetables ranged from 0.004 to
0.007. All the DBP TFs were far smaller than one, which
indicates a poor capacity of the tested vegetables to
translocate DBP from the roots to the shoots. The Kow
of DBP is equal to 4.5, which indicates that DBP can
enter the root tissue but cannot enter the xylem for
translocation from roots to aboveground parts (Burken
and Schnoor 1998). Among the six vegetables, ZYC had
the highest TF value, followed by AJH, XDQ, GGB,
SHQ and KRSJQ. This indicates that ZYC has the greatest ability to translocate DBP from the roots to the
shoots. The difference of DBP translocation in six vegetables from the roots to shoots should be due to the
vegetable properties (Dueck et al. 2003; Liao et al. 2009).
For the 5.0 mg/L treatment, the TF values of the six vegetables ranged from 0.001 to 0.002. It can be seen that
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Fig. 1 The root concentration factor (RCF) for six vegetables (Kangresijiqing (KRSJQ), Xiadiqing (XDQ), Ziyoucai (ZYC), Aijiaohuang (AJH),
Shanghaiqing (SHQ) and Gaogengbai (GGB)) in 1.0 mg/L and 5.0 mg/L treatments. Each treatment consisted of five replicates. The bars with the
different letter(s) were significantly different (p < 0.05)

the TFs in the 5.0 mg/L treatment were significantly
lower than those in the 1.0 mg/L treatment.
The transpiration stream concentration factor (TSCF)
indicates how readily compounds are taken up and
translocated by a plant (Zhang et al. 2009). When the
TSCF is less than one, the compound in solution moves
from the solution to the shoots more slowly than
water does. A TSCF value larger than one indicates that
the compound in solution moves from the solution to
shoots faster than water. Figure 3 shows the TSCF values
of the different vegetables in different treatments. In the
1.0 mg/L treatment, the TSCFs of KRSJQ, XDQ, ZYC,
AJH, SHQ and GGB were 0.17, 0.09, 0.18, 0.11, 0.10 and
0.28, respectively. All TSCF values were less than one,
which indicates that the DBP in solution moves from
the solution to the shoots more slowly than water. This
results in poor translocation of DBP from the solution
to shoots. Among the six vegetables, GGB had the highest TSCF, followed by ZYC, KRSJQ, AJH, SHQ and
XDQ. This indicates that XDQ had the weakest ability

to accumulate DBP from solutions into shoots, while
GGB had the greatest ability. For the 5.0 mg/L treatment, the TSCF values of KRSJQ, XDQ, ZYC, AJH,
SHQ and GGB were 0.05, 0.04, 0.07, 0.05, 0.04 and 0.09,
respectively. GGB has the highest TSCF value. For individual vegetables, the TSCF value in the 5.0 mg/L treatment was much smaller than in 1.0 mg/L treatment.
In the present study, DBP was easily concentrated in
vegetable roots but was poorly translocated from the
roots to the shoots. It seems to indicate that for the vegetables grown in DBP- contaminated soils, there is a
higher residual risk of DBP in vegetable roots than in
shoots (Lu et al. 2018). Besides, the uptake and translocation behaviour of DBP in vegetable was related to its
physicochemical property, such as the octanol/water
partition coefficient (logKow). It has been reported that
the organic compounds with logKow between − 1 and 5
were considered mobile in the transpiration stream,
however, the compounds with larger logKow values was
more easily accumulated in plant roots (Bromilow et al.

Fig. 2 The translocation factor (TF) for six vegetables (Kangresijiqing (KRSJQ), Xiadiqing (XDQ), Ziyoucai (ZYC), Aijiaohuang (AJH), Shanghaiqing
(SHQ) and Gaogengbai (GGB)) in 1.0 mg/L and 5.0 mg/L treatments. Each treatment consisted of five replicates. The bars with the different
letter(s) were significantly different (p < 0.05)
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Fig. 3 The transpiration stream concentration factor (TSCF) for six vegetables (Kangresijiqing (KRSJQ), Xiadiqing (XDQ), Ziyoucai (ZYC), Aijiaohuang
(AJH), Shanghaiqing (SHQ) and Gaogengbai (GGB)) in 1.0 mg/L and 5.0 mg/L treatments. Each treatment consisted of five replicates. The bars with
the different letter(s) were significantly different (p < 0.05)

1990). In this study, the measured RCF in vegetable roots
ranged from 52 to 307 was smaller than in pumpkin
(Cucurbita moschata) seedlings (RCF nearly 2000) (Lin
et al. 2017); however, the measured RCF was quite larger
than in Ipomoea aquatica (RCF < 1) and in edible plants
(RCF ranged from 0.16 to 4.78) growing in DBPcontaminated soils (Cai et al. 2008; Sun et al. 2015). The
TF in this study was much smaller than in Ipomoea aquatica grown in DBP-treated soils (ranged from 0.28 to 16.9)
(Cai et al. 2008). The differences are likely due to the different initial concentrations of DBP, plant species, exposure time, and cultural conditions (Wu et al. 2013).

Conclusion
In this study, the uptake and translocation of di-n-butyl
phthalate (DBP) by six vegetables was investigated under
hydroponic conditions. The data of the root concentration
factor (RCF), translocation factor (TF) and transpiration
stream concentration factor (TSCF) show that DBP was
easily concentrated in the vegetable roots but poorly
translocated from the roots to the shoots. Among the six
vegetables, GGB had the highest ability to concentrate
DBP in its roots; however, ZYC had the greatest ability to
translocate DBP from the roots to the shoots. In addition,
high concentrations of DBP may cause the inhibition of
normal physiological activity of the vegetables and resulted in a higher RCF, a lower TF and a lower TSCF of
individual vegetables. The results will help to evaluate
agricultural product safety and provide evidence for
screening DBP pollution-safe vegetable cultivars. Further
research is still needed to evaluate the occurrence of DBP
in plants under field conditions.
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