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A  multiresidue  method  has been  developed  for the  determination  of  emerging  pollutants  in leafy  and  root
vegetables.  Selected  compounds  were  6  perfluoroalkyl  compounds  (5 perfluorocarboxylic  acids  and  per-
fluorooctanesulfonic  acid),  3 non-ionic  surfactants  (nonylphenol  and  nonylphenolethoxylates),  8  anionic
surfactants  (4  alkylsulfates  and  4 linear  alkylbenzene  sulfonates),  4  preservatives  (parabens),  2  bio-
cides  (triclosan  and triclocarban),  2  plasticizers  (bisphenol  A and  di-(2-ethylhexyl)phthalate),  6  UV-filters
(benzophenones)  and  4 hormones.  The  method  is  based  on  ultrasound-assisted  extraction,  clean-up  by
dispersive  solid-phase  extraction  (d-SPE)  and liquid  chromatography-tandem  mass  spectrometry  anal-
ysis. Due  to the diversity  of the  physico-chemical  properties  of  the  target  compounds,  and  to better
evaluate  the influence  of sample  treatment  variables  in  extraction  efficiencies,  Box-Behnken  design  was
applied  to optimize  extraction  solvent  volume,  number  of  extraction  cycles  and  d-SPE  sorbent  amount.
Linearity  (R2) higher  than  0.992,  accuracy  (expressed  as  relative  recoveries)  in  the  range  from  81  to  126%,
ispersive solid-phase extraction
iquid chromatography-tandem mass
pectrometry

precision  (expressed  as relative  standard  deviation)  lower  than  19%  and  limits  of  detection  between  0.025
and  12.5  ng  g−1 dry  weight  were  achieved.  The method  was  applied  to  leafy  vegetables  (lettuce,  spinach
and  chard)  and  root vegetables  (carrot,  turnip  and potato)  from  a local  market.  The  highest  concentra-
tions  corresponded  to the  surfactants  reaching  levels  up  to 114  ng g−1 (dry  weight),  in  one of  the  lettuce
samples  analyzed.

© 2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

Vegetables cultivated in soils irrigated with reclaimed wastew-
ter, or amended with sewage sludge from wastewater treatment
lants, may  uptake organic pollutants through their roots [1–3].

rrigation with reclaimed wastewater is a widespread disposal
ption, especially in arid and semi-arid regions, whereas sludge
pplication onto soils allows agronomic benefits due its organic
atter content. Wastewater treatments are not specifically

esigned to remove emerging pollutants, therefore, depending on
oil properties, such as organic matter content, and on pollutant
roperties, such as pKa and Kow, they can be accumulated into
oils to much higher concentrations than in the irrigation water
Please cite this article in press as: I. Aparicio, et al., Determinatio
ucts and hormones in leafy and root vegetables by liquid chromat
https://doi.org/10.1016/j.chroma.2017.12.011

2]. Once in the soil, plant uptake, root accumulation or transloca-
ion within the plant can occur depending on the physico-chemical
roperties of the pollutants and also on soil characteristics. Linear

∗ Corresponding author.
E-mail address: iaparicio@us.es (I. Aparicio).

ttps://doi.org/10.1016/j.chroma.2017.12.011
021-9673/© 2017 Elsevier B.V. All rights reserved.
relationship, between root uptake and chemical hydrophobic-
ity, has been reported for neutral compounds whereas electrical
attraction, or repulsion, and ion trap, affect root accumulation of
ionizable compounds [2]. Root bioaccumulation follows the order
anionic ≥ neutral ≥ cationic whereas leaf bioaccumulation follows
the opposite order [4]. Pollutant accumulation in roots and leaves
can affect crops and can constitute a potential health risk when
affecting edible plants [5,6] especially those with endocrine dis-
rupting properties that can cause reproductive damage, cancer
and metabolic disorders [7,8]. Plant uptake studies of emerging
pollutants have been mainly focused on pharmaceuticals and per-
sonal care products [1,2,5,9–14] and in a lower extent on other
emerging pollutants such as plastizicers [15–18], perfluoroalkyl
compounds [19,20], disinfection by-products [15], the flame retar-
dant tributylphosphate [15] and the antioxidants BHT and BHA
[15]. To evaluate plant uptake and bioaccumulation, sensitive and
n of household and industrial chemicals, personal care prod-
ography-tandem mass spectrometry, J. Chromatogr. A (2017),

accurate analytical methods are needed. Nevertheless, for years,
analytical methods have been focused on the presence of pes-
ticides and multiresidue methods allowing the determination of
hundreds of compounds have been reported [21–23]. Analytical

https://doi.org/10.1016/j.chroma.2017.12.011
https://doi.org/10.1016/j.chroma.2017.12.011
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
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ethods for the determination of emerging pollutants in veg-
tables are scarce and focused on pharmaceuticals and personal
are products [24,25] and, in a lower extent, on other pollutants
uch as alkylphenols [26,27], bisphenol A and hormones [26–28]
nd perfluorinated compounds [29]. Different extraction meth-
ds, such as ultrasound-assisted extraction (UAE) [26], focused
ltrasound solid-liquid extraction (FUSLE) [27,29], pressurized sol-
ent extraction (PLE) [25], matrix solid-phase dispersion (MSPD)
28,30] and QuEChERS (quick, easy, cheap, effective, rugged and
afe) extraction [25] have been reported for the determination of
merging pollutants in vegetables. After extraction, clean-up by
olid-phase extraction (SPE) [29], dispersive solid-phase extraction
d-SPE) [25] and enrichment of the target compounds on a poly-

eric material using an ion-pair reagent [31] have been applied.
evertheless, sample treatment is usually based on solid-liquid
xtraction and clean-up by SPE [32]. Then, analytical deter-
ination by liquid chromatography-tandem mass spectrometry

LC–MS/MS) [25,27,29] or by gas chromatography-tandem mass
pectrometry (GC–MS/MS) [26,28,30] is carried out.

The aim of this work was to develop a multiresidue analyti-
al method for the determination of a wide group of emerging
ollutants (35 compounds from 8 groups) in leafy and root veg-
tables. Target compounds were 6 perfluoroalkyl compounds, 3
on-ionic surfactants, 8 anionic surfactants (4 alkylsulfates and 4

inear alkylbenzene sulfonates), 4 preservatives, 2 biocides, 2 plas-
icizers, 6 UV-filters and 4 hormones. Selection was done taking into
ccount their environmental persistence, bioaccumulation, toxic-
ty, relevance in treated wastewater [33–36] and/or sewage sludge
nd/or endocrine disruption properties [37,38]. Sample treatment
s based on affordable and low-cost techniques: UAE and d-SPE
lean-up. Analytical determination was carried out by LC–MS/MS.
he method was applied to the analysis of the pollutants in three

eafy vegetables (lettuce, spinach and chard) and in three root veg-
tables (carrot, turnip and potatoes).

. Experimental

.1. Chemicals and reagents

HPLC-grade acetone, acetonitrile (ACN), ethyl acetate (EtAc),
exane, methanol (MeOH) and water were supplied by Romil
Barcelona, Spain). Analytical grade ammonium acetate (≥98%)
as supplied by Panreac (Barcelona, Spain). High purity stan-

ards of perfluorobutanoic acid (PFBuA), perfluoropentanoic acid
PFPeA), perfluorohexanoic acid (PFHxA), perfluroroheptanoic
cid (PFHpA), perflurorooctanoic acid (PFOA), perfluorooctanesul-
onic acid (PFOS), 4-nonylphenol (NP), Igepal

®
CO-210 technical

ixture of nonylphenol monoethoxylate (NP1EO) and nonylphe-
ol diethoxylate (NP2EO), methylparaben (MeP), ethylparaben
EtP), propylparaben (PrP), benzylparaben (BzP), triclocarban
TCB), triclosan (TCS), bisphenol A (BPA), benzophenone-1 (BP-1),
enzophene-2 (BP-2), benzophenone-3 (BP-3), benzophenone-6
BP-6), benzophenone-8 (BP-8), 4-hidroxibenzophenone (4-OH-
P) were supplied from Sigma-Aldrich (Steinheim, Germany). A
ommercial linear alkylbenzene sulfonate (LAS) mixture contain-
ng LAS C10 (12.3%), LAS C11 (32.1%), LAS C12 (30.8%) and LAS C13
23.4%) was kindly supplied by Petroquímica Española (PETRESA,
pain). Di-(2-ethylhexyl) phthalate (DEHP) was  obtained from
iedel-de Haën (Seelze, Germany). Estrone (E1), 17�-estradiol
E2), estriol (E3) and 17�-ethinylestradiol (EE2) were purchased
rom Dr. Ehrenstorfer GmbH (Augsburg, Germany). Sodium dode-
Please cite this article in press as: I. Aparicio, et al., Determinatio
ucts and hormones in leafy and root vegetables by liquid chromat
https://doi.org/10.1016/j.chroma.2017.12.011

ylsulfate (AS-C12), sodium tetradecylsulfate (AS-C14), sodium
exadecylsulfate (AS-C16) and sodium octadecylsulfate (AS-C18)
ere supplied by Alfa Aesar (Barcelona, Spain). Isotopically labelled

ompounds used as internal standards (I.S.) were supplied by
 PRESS
r. A xxx (2017) xxx–xxx

Sigma-Aldrich (Madrid, Spain) (EtP-d5, BP-d10, and BPA-d16) and by
Cambridge Isotope Laboratories (MA, USA) (PFOA-13C4). Alumina,
florisil and silica used as d-SPE sorbents were provided by Sigma-
Aldrich (Madrid, Spain). Primary-secondary amine (PSA) and C18
were provided by Scharlab (Barcelona, Spain). Individual stock
standard solutions were prepared at 1000 �g mL−1 in MeOH  and
stored at −18 ◦C. Working solutions were prepared by dilution of
the stock standard solutions in MeOH.

2.2. Liquid chromatography-tandem mass spectrometry

Chromatographic conditions were those previously reported
[39]. Instrument settings are summarized in Supplementary mate-
rial Table S1. Chromatographic determination was performed on
an Agilent 1200 series HPLC (Agilent, USA) coupled to a 6410
triple quadrupole (QqQ) mass spectrometer (MS) equipped with
an electrospray ionization source (ESI). Chromatographic separa-
tion was carried out on HALO C18 column (50 mm  × 4.6 mm i.d.,
2.7 �m particle size) (Teknokroma, USA) thermostated at 25 ◦C by
gradient elution with 10 mM ammonium acetate aqueous solution
and MeOH at a flow rate of 0.6 mL  min−1. Gradient elution was
carried out by a linear increase of MeOH proportion from 23% to
70% in 14 min, then to 80% in 19 min  and to 100% in 25 min  (held
for 3 min). Back to initial conditions was  carried out by a linear
decrease of MeOH proportion from 100% to 23% in 2 min, held for
4 min  to stabilization. The injection volume was  10 �L. MS parame-
ters were as follows: capillary voltage, 3000 V; drying gas flow rate;
9 L min−1; drying gas temperature; 350 ◦C; and nebulizer pressure;
40 psi. Instrument control and data acquisition were carried out
with MassHunter software (Agilent, USA).

2.3. Sample collection and treatment

Leafy and root vegetables were purchased from a local mar-
ket. Fresh vegetables were cut into small pieces, homogenized in
a grinder, freeze-dried in a Cryodos-50 lyophilizer (Telstar, Ter-
rasa, Spain), sieved (particle size <100 �m),  kept in glass bottles and
maintained at −18 ◦C until analysis. Lyophilized samples (0.2 g dry
weight (d.w.)) were transferred into 12 mL  glass centrifuge tubes
and spiked with the I.S. (EtP-d5, BP-d10, BPA-d16 and PFOA-13C4)
(final concentration 125 ng g−1 d.w.). Samples were extracted with
3 mL  of ACN by sonication for 10 min  in an ultrasonic bath. After
extraction, tubes were centrifuged for 10 min  at 2900 × g and the
liquid phase was  transferred to clean 50 mL polypropylene coni-
cal tubes. The extraction procedure was repeated three times. The
extracts were combined and subjected to clean-up by d-SPE by
adding 0.6 g of C18. The tubes were shaken vigorously for 1 min
and centrifuged at 2900 × g for 15 min. The organic phase was trans-
ferred to a clean tube, evaporated to dryness under a gentle nitrogen
stream, reconstituted in 250 �L of MeOH:water solution (1:1, v/v),
filtered through a 0.2 �m cellulose syringe filter and transferred
into an automatic injector vial for LC–MS/MS analysis.

3. Results and discussion

3.1. Method optimization

Method was optimized with spiked samples (0.2 g d.w.) at
125 ng g−1 d.w. Samples were extracted in an ultrasonic bath for
10 min, centrifuged at 2900 × g for 10 min  and subjected to clean-
n of household and industrial chemicals, personal care prod-
ography-tandem mass spectrometry, J. Chromatogr. A (2017),

up by d-SPE. Overall recoveries, involving extraction efficiencies
and matrix effect, were applied for method optimization. Blank
samples were simultaneously analyzed and their signals were sub-
tracted to spiked sample extract signals.

https://doi.org/10.1016/j.chroma.2017.12.011
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Fig. 1. Optimization of a) extracti

.1.1. Optimization of the extraction solvent
Extraction solvents tested were ACN, MeOH, EtAc, acetone and

exane. Optimization was carried out in triplicate with 3 mL  of the
ested solvent. After sample extraction and centrifugation, clean-
p with 0.6 g of C18 was applied. Overall recoveries were calculated
y comparison of the signal of the spiked vegetable, after subtract-

ng blank sample signals, with that of a standard solution at the
ame spiking concentration. As can be seen in Fig. 1a, the best
verall recoveries were obtained with ACN, so ACN was selected
s extraction solvent.

.1.2. Optimization of the d-SPE sorbent
A reverse phase sorbent (C18), a weak anion exchanger sorbent

PSA) and three normal phase sorbents (florisil, alumina and silica)
ere evaluated. C18 is commonly used to remove nonpolar and
oderately polar compounds such as lipophilic compounds; PSA

orbent is used to remove polar organic acids, polar pigments, sug-
rs and fatty acids; florisil, alumina and silica are suitable to remove
olar compounds. As can be seen in Fig. 1b, the best overall recov-
ries were obtained with C18. Therefore, it was selected as d-SPE
orbent.

.1.3. Optimization of extraction solvent volume, number of
xtraction cycles and d-SPE sorbent amount

Box-Behnken design (BBD) was applied to optimize extraction
olvent volume, number of extraction cycles and d-SPE sorbent
mount. Three levels were evaluated for each variable: ACN vol-
me (3, 4 and 5 mL), number of extraction cycles (1, 2 and 3) and
18 amount (300, 600 and 800 mg). The number of experiments
N) required is defined by the equation: N = 2 k(k-1) + C0, where k is
he number of variables and C0 is the number of central points. In
his study, both k and C0 values were set at 3 resulting in a total
f 15 experiments. The experiments were randomly performed
o minimize the effects of uncontrolled variables. BBD matrix is
hown in Supplementary material Table S2. The data were evalu-
ted by ANOVA test and by standardized (P = 0.05) Pareto charts.
areto charts showed that the number of extraction cycles and C18
mount had a higher effect on extraction efficiency than ACN vol-
me. Pareto charts of some of the target compounds can be seen in
igure<-- --> S1 in Supplementary material. To better evaluate the
ffects of the variables, and their interactions, on overall recover-
es, response surfaces were plotted for each group of compounds.
irst, a desirability value, between 0 (least desirable) and 1 (most
esirable), was assigned to the response of each compound in each
Please cite this article in press as: I. Aparicio, et al., Determinatio
ucts and hormones in leafy and root vegetables by liquid chromat
https://doi.org/10.1016/j.chroma.2017.12.011

roup. Then, the global desirability function (D) was obtained as
 geometric mean of the individual desirability functions [40–42].
n Fig. 2, response surface plots for the global desirability function
ersus ACN volume and C18 amount (Fig. 2a) and versus ACN vol-
vent and b) d-SPE sorbent (n = 3).

ume  and the number of extraction cycles (Fig. 2b) are shown for
three groups of pollutants. Response surface plots for the other
groups, and for the number of extraction cycles versus C18 amount,
can be seen in Supplementary material (Fig. S2). To select the best
conditions for the 35 target compounds, the global desirability
function for ten of the target compounds, at least one from each
group, was also plotted (Fig. 3). The highest values of the global
desirability functions were obtained for 3 mL  of ACN and three
extraction cycles whereas C18 amount affected in a different way
to each group. For instance, the increase of C18 amount resulted in
an increase of the extraction efficiencies of biocides and anionic and
non-ionic surfactants whereas the extraction efficiencies of other
compounds (preservatives and UV-filters) decreased or were not
affected by C18 amount (perfluoroalkyl compounds). The increase
of overall recoveries with the increase of C18 amount can be
explained by the removal of matrix interfering compounds causing
LC–MS/MS signal suppression. The decrease of overall recoveries
with the increase of C18 amount can be due to a loss of the tar-
get compounds by adsorption onto C18 sorbent. According to the
results, 3 mL  of ACN, three extraction cycles and 600 mg  of C18 were
selected for sample extraction and clean-up.

3.2. Method validation

The method was validated in terms of linearity, method detec-
tion limits (MDL), method quantification limits (MQL), precision
and accuracy. Previously, matrix effect was evaluated in a leafy
vegetable (chard) and in a root vegetable (carrot) by comparison
of the calibration curve slopes in pure solvent (external calibration
curves) and in sample extract (matrix-matched calibration curves).
The calibration curves were prepared at eight concentration levels
in triplicate in the range from 0.025 to 250 ng g−1 d.w. Calibration
curves were constructed using analyte-I.S. area ratio versus analyte
concentration. Matrix effect (ME), calculated from the slopes (b) of
the calibration curves according to Eq. (1) [43], was  in the range
from 10 to 70%.

ME(%) =
[

1 −
(
bmatrix − matched calibration curve

)
bexternal calibration curve

]
× 100 (1)

Student’s t-test, at 95% of confidence, showed statistical dif-
ferences between slopes, therefore, matrix-matched calibration
curves were used for quantitation.

The method was validated for leafy and root vegetables by using
n of household and industrial chemicals, personal care prod-
ography-tandem mass spectrometry, J. Chromatogr. A (2017),

spiked chards and carrots. To evaluate the linearity, eight-point
matrix-matched calibration curves were prepared in triplicate in
the range from method quantitation limit (MQL)  to 250 ng g−1.
Correlation coefficients were equal or higher than 0.9920 for all

https://doi.org/10.1016/j.chroma.2017.12.011
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ig. 2. Response surface plots corresponding to the global desirability function ver

he compounds in both matrices (Table 1). Method detection lim-
ts (MDL) and MQL  values were estimated as the concentrations
orresponding to signal-to-noise ratios of 3 and 10, respectively,
y means of spiked samples at low concentration levels. Blank
amples, for which no target compound was detected, were used
Please cite this article in press as: I. Aparicio, et al., Determinatio
ucts and hormones in leafy and root vegetables by liquid chromat
https://doi.org/10.1016/j.chroma.2017.12.011

o evaluate MDL  and MQL. MDL  values were in the range from
.025 ng g−1 (BP-1 and BP-8) to 2.5 ng g−1 (E2) in chards and from
.025 ng g−1 (BP-1) to 12.5 ng g−1 (E2) in carrots (Table 1). Accuracy
ACN volume and number of extraction cycles; b) ACN volume and C18 amount.

and precision were evaluated from spiked samples at three concen-
tration levels (50, 125 and 250 ng g−1) in triplicate. Accuracy was
calculated as the percentage of analyte extracted, quantified using
matrix-matched calibration curves, in relation to the spiking level.
Accuracy was  in the range from 87% and 113% for leafy vegetables
n of household and industrial chemicals, personal care prod-
ography-tandem mass spectrometry, J. Chromatogr. A (2017),

and in the range from 81% to 126% for root vegetables (Table 2).
Precision, expressed as relative standard deviation (%RSD), was
determined from the analysis of spiked samples in triplicate on two

https://doi.org/10.1016/j.chroma.2017.12.011
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Fig. 3. Response surface plots, corresponding to the global desirability function of PFOS, PrP, BP-3, BPA, E2, TCB, TCS, LAS C13, AS C12, NP2EO, versus a) ACN volume and
number of extraction cycles; b) ACN volume and C18 amount; c) number of extraction cycles and C18 amount.

Table 1
Method detection limits (MDL), method quantification limits (MQL) and matrix-matched calibration curve correlation coefficients (R2).

Group Compound Chard Carrot

MDL  (ng g−1 dm) MQL (ng g−1 dm) R2  MDL  (ng g−1 dm)  MQL  (ng g−1 dm)  R2

Perfluoroalkyl
compounds

PFBuA 0.050 0.167 0.9991 0.025 0.083 0.9983
PFPeA  0.050 0.167 0.9991 0.025 0.083 0.9971
PFHxA  0.050 0.167 0.9974 0.025 0.083 0.9957
PFHpA  0.050 0.167 0.9972 0.025 0.083 0.9974
PFOA  0.050 0.167 0.9995 0.025 0.083 0.9942
PFOS  0.050 0.167 0.9986 0.025 0.083 0.9982

Non-ionic surfactants NP 0.025 0.083 0.9991 0.025 0.083 0.9996
NP1EO  0.025 0.083 0.9990 0.050 0.167 0.9997
NP2EO  0.025 0.083 0.9992 0.050 0.167 0.9997

Anionic surfactants LAS C10 0.025 0.083 0.9997 0.025 0.083 0.9990
LAS  C11 0.025 0.083 0.9991 0.025 0.083 0.9994
LAS  C12 0.025 0.083 0.9992 0.025 0.083 0.9991
LAS  C13 0.025 0.083 0.9994 0.025 0.083 0.9982
AS-C12 0.025 0.083 0.9998 0.025 0.083 0.9990
AS-C14 0.025 0.083 0.9994 0.025 0.083 1.0000
AS-C16 0.025 0.083 0.9995 0.050 0.167 0.9994
AS-C18 0.050 0.167 0.9996 0.050 0.167 0.9979

Preservatives MeP  0.050 0.167 0.9991 0.025 0.083 0.9993
EtP  0.050 0.167 0.9997 0.050 0.167 0.9994
PrP  0.025 0.083 0.9997 0.050 0.167 0.9990
BzP  0.025 0.083 0.9995 0.025 0.083 0.9964

Biocides TCB 0.050 0.167 0.9992 0.025 0.083 0.9991
TCS  0.500 1.667 0.9997 0.050 0.167 0.9990

Plasticizers BPA 0.025 0.083 0.9995 0.050 0.167 0.9995
DEHP  0.025 0.083 0.9985 0.025 0.083 0.9970

UV-filters BP-1 2.500 8.333 0.9991 12.50 41.67 0.9920
BP-2  0.025 0.083 0.9994 0.050 0.167 0.9991
BP-3  0.025 0.083 0.9999 0.025 0.083 0.9986
BP-6  0.025 0.083 0.9992 0.050 0.167 0.9991
BP-8  2.500 8.333 0.9991 0.025 0.083 0.9981
4-OH-BP 0.025 0.083 0.9991 2.500 8.333 0.9946

Hormones EE2 0.025 0.083 0.9991 0.050 0.167 0.9997
8.333 

1.667 

0.167 

d
c
w

3

p
r

E1  2.500 

E2  0.500 

E3  0.050 

ifferent days. RSD values were below 21% for both types of matri-
es at the three spiked concentration levels. Accuracy and precision
ere similar for both types of vegetables.

.3. Method application
Please cite this article in press as: I. Aparicio, et al., Determinatio
ucts and hormones in leafy and root vegetables by liquid chromat
https://doi.org/10.1016/j.chroma.2017.12.011

The method was applied to the determination of the target com-
ounds in three types of leafy (lettuce, spinach and chard) and in
oot vegetables (carrot, turnip and potato). Four samples of each
0.9992 0.025 0.083 0.9993
0.9972 12.50 41.67 0.9995
0.9994 2.500 8.333 0.9987

type of vegetable were purchased from local markets and ana-
lyzed. In Supplementary material, chromatograms of a chard and
a potato sample (Figs. S3 and S4, respectively) and concentrations
found in samples (Table S3) are shown. PFBuA, LAS and TCB were
detected in all the analyzed samples at mean concentration lev-
n of household and industrial chemicals, personal care prod-
ography-tandem mass spectrometry, J. Chromatogr. A (2017),

els in the ranges 1.4–2.2 ng g−1, 8.4–45.6 ng g−1 and 1.4–6.0 ng g−1,
respectively, in leafy vegetables, and in the ranges 2.0–6.8 ng g−1,
1.3–15.8 ng g−1 and 0.3 ng g−1, respectively, in root vegetables. BzP,
UV-filters (except BP-2 and BP-3) and E3 were not detected. The

https://doi.org/10.1016/j.chroma.2017.12.011
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Table 2
Accuracy (%) and precision, expressed as relative standard deviation (RSD%), for chard and carrot matrices at four spiking levels.

Compoud Chard Carrot

0.5 ng g−1 50 ng g−1 125 ng g−1 250 ng g−1 0.5 ng g−1 50 ng g−1 125 ng g−1 250 ng g−1

R (%) RSD (%) R (%) RSD (%) R (%) RSD (%) R (%) RSD (%) R (%) RSD (%) R (%) RSD (%) R (%) RSD (%) R (%) RSD (%)

PFBuA 87 10 88 8 89 2 100 2 99 12 98 7 94 6 101 11
PFPeA  101 12 102 8 101 2 99 8 103 5 96 4 96 1 107 1
PFHxA  95 8 99 4 92 5 102 6 89 6 93 6 94 1 108 1
PFHpA  92 6 98 1 92 3 102 7 93 4 98 7 94 1 107 1
PFOA  97 10 98 9 97 4 101 6 97 8 92 9 95 3 107 1
PFOS  95 9 102 1 101 8 99 7 99 11 92 6 98 18 108 1
NP  98 8 97 8 97 2 101 7 103 8 93 5 106 6 114 4
NP1EO  100 6 113 2 103 7 99 11 97 11 102 9 98 8 103 18
NP2EO  95 8 93 3 101 11 100 6 92 12 88 13 101 16 98 8
LAS  C10 101 5 95 4 103 7 99 10 96 11 99 10 126 3 100 1
LAS  C11 98 13 103 11 100 8 100 8 104 5 113 2 98 1 88 3
LAS  C12 97 6 103 2 100 5 100 8 96 4 104 1 92 1 88 2
LAS  C13 99 6 97 2 100 1 100 4 103 3 114 4 90 1 96 1
AS-C12  103 5 98 4 100 3 100 7 98 13 125 15 125 21 100 2
AS-C14  98 8 102 2 100 6 100 6 95 8 116 6 90 2 100 12
AS-C16  98 3 98 7 100 1 100 10 103 5 90 6 111 2 100 15
AS-C18  97 7 95 6 99 4 100 7 98 6 92 4 120 2 75 14
MeP  99 4 95 5 101 6 98 2 102 4 126 3 107 17 98 5
EtP  103 10 108 3 99 3 104 6 89 5 81 6 109 4 102 1
PrP  97 9 105 4 101 6 98 1 97 12 94 8 101 19 100 5
BzP  93 8 89 6 100 5 100 9 92 8 90 7 96 2 101 7
TCB  96 9 88 5 102 5 100 6 89 4 92 2 96 1 84 5
TCS  99(a) 5(a) 105 2 98 1 100 3 87 3 93 1 99 2 89 5
BPA  97 6 102 8 99 2 100 7 97 8 96 10 94 9 98 1
DEHP  102 8 98 4 100 3 100 11 93 7 90 5 102 10 101 1
BP-1  96a 7a 106 2 101 6 99 1 – – 112 1 99 1 97 2
BP-2  95 9 97 8 100 5 100 8 98 13 117 12 91 6 105 5
BP-3  101 6 103 2 100 3 100 4 92 12 94 13 97 11 100 3
BP-6  96 8 90 5 100 5 100 6 89 6 92 5 96 3 102 4
BP-8  108a 9a 113 4 100 8 100 9 92 6 90 4 93 3 115 4
4-OH-BP  92 11 87 3 99 10 101 4 103(a 11a 121 8 99 6 100 5
EE2  92 5 101 3 98 13 100 17 97 8 98 7 92 4 191 1
E1  103a 6a 107 5 97 19 101 14 92 12 95 14 95 6 100 8
E2  99 4 104 1 101 3 99 7 – – 99 4 98 2 104 8
E3  95 3 92 4 102 9 100 8 107a 10a 115 9 111 3 109 1

a Data for 10 ng g−1 dm.
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ighest concentrations in leafy vegetables corresponded to LAS
mean values in the range from 8.4 ng g−1 to 45.6 ng g−1) whereas
n root vegetables the highest concentrations corresponded to NP
mean values in the range from 7.9 ng g−1 to 22.9 ng g−1). Differ-
nt occurrence pattern was observed between leafy vegetables and
oot vegetables for some compounds such as PFPeA, NP, NP1EO,
S homologues and DEHP, that were not detected in leafy vegeta-
les but were detected in 92–100% of the root vegetables analysed,
nd for BP-2, that was  not detected in root vegetables but was
etected in the 100% of leafy vegetables at concentrations in the
ange from 0.17 to 0.19 ng g−1. Compounds detected in both types
f vegetables (LAS homologues and BP-3) were found at higher
oncentrations in leafy vegetables than in root vegetables. These
esults are consistent with the scarce data about concentration of
merging pollutants in vegetables from local markets. For instance,
PA has been detected in carrots from local markets by Lu et al. [26]
2.0 ng g−1); Mijangos et al. [27] (9.1 ng g−1) and by Albero et al. [28]
5.1–16.3 ng g−1) and in lettuce by Mijangos et al. [27] (10.9 ng g−1)
nd Albero et al. [28] (3.4–8.0 ng g−1). Albero et al. [28] detected
lso the presence of EE2 in onion (1.5–3.4 ng g−1) but not in carrot,
omato or lettuce whereas Lu et al. [26] reported concentrations of
.9 ng g−1, 1.36 ng g−1 and 2.31 ng g−1 of E2 in lettuce, potato and
itrus, respectively. The World Health Organization recommends a
aily intake of five servings of fruit and/or vegetables corresponding
o 400–500 g d−1 [44]. Assuming a 300 g d−1 intake of vegetables,
he worse-case scenario for daily intake of PFBuA, LAS, TCB would
e 0.7, 14, 1.8 �g d−1, respectively, from ingestion of leafy vegeta-
les, and 2.0, 4.7 and 0.09 �g d−1, respectively, from ingestion of
oot vegetables. A further research, with a higher number of sam-
les, is needed to better estimate the potential human exposure to
merging compounds. Nevertheless, due to the lack-of-agreement
ssociated with health effects-thresholds of the target emerging
ompounds, risk assessment to human health cannot be properly
valuated yet [45].

. Conclusions

A sensitive and accurate analytical method has been developed
or the determination of household and industrial chemicals (per-
uoroalkyl compounds, non-ionic surfactants, anionic surfactants
nd plasticizers), personal care products (biocides and UV-filters)
nd hormones in leafy and root vegetables. The method is, to the
est of our knowledge, the first analytical method for multiclass
etermination of so wide group of health concern pollutants in veg-
tables. Sample treatment is based on affordable, easy to perform,
nd low-cost extraction (UAE) and clean-up (d-SPE) techniques.
nalytical determination is carried out by LC–MS/MS avoiding
erivatization step required for GC–MS/MS analysis. The method
as successfully validated for leafy and root vegetables. MDLs were

n the range from 0.025 to 0.050 ng g−1 for 88% of the target com-
ounds, accuracy was in the range 81–126% and precision was

ower than 19%. The method was satisfactorily applied to lettuce,
pinach, chard, carrot, turnip and potato from local markets. Dif-
erent occurrence pattern was observed between leafy vegetables
nd root vegetables. Some compounds were detected in both types
f vegetables whereas others were detected just in leafy or root
egetables. The proposed method can constitute a useful tool to
valuate emerging pollutant uptake, their bioaccumulation and can
e used to estimate daily intake of pollutants by consumption of
egetables.
Please cite this article in press as: I. Aparicio, et al., Determinatio
ucts and hormones in leafy and root vegetables by liquid chromat
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Bayona, Estimate of uptake and translocation of emerging organic
contaminants from irrigation water concentration in lettuce grown under
controlled conditions, J. Hazard. Mater. 305 (2016) 139–148.

[4] L.K. Dodgen, A. Ueda, X. Wu,  D.R. Parker, J. Gan, Effect of transpiration on plant
accumulation and translocation of PPCP/EDCs, Environ. Pollut. 198 (2015)
144–153.

[5] T. Malchi, Y. Maor, G. Tadmor, M.  Shenker, B. Chefetz, Irrigation of root
vegetables with treated wastewater: evaluating uptake of pharmaceuticals
and the associated human health risks, Environ. Sci. Technol. 48 (2014)
9325–9333.

[6] R.S. Prosser, P.K. Sibley, Human health risk assessment of pharmaceuticals
and personal care products in plant tissue due to biosolids and manure
amendments, and wastewater irrigation, Environ. Int. 75 (2015) 223–233.

[7] E.R. Kabir, M.S. Rahman, I. Rahman, A review on endocrine disruptors and
their possible impacts on human health environ, Toxicol. Pharmacol. 40
(2015) 241–258.

[8] M.  Giulivo, M.  Lopez de Alda, E. Capri, D. Barceló, Human exposure to
endocrine disrupting compounds: their role in reproductive systems,
metabolic syndrome and breast cancer. A review, Environ. Res. 151 (2016)
251–254.

[9] M.B.M. Ahmed, A.U. Rajapaksha, J.E. Lim, N.T. Vu, I.S. Kim, H.M. Kang, S.S. Lee,
Y.S. Ok, Distribution and accumulative pattern of tetracyclines and
sulphonamides in edible vegetables of cucumber, tomato, and lettuce, J. Agric.
Food Chem. 63 (2015) 398–405.

10] D. Azanu, C. Mortey, G. Darko, J.J. Weisser, B. Styrishave, R.C. Abaidoo, Uptake
of antibiotics from irrigation water by plants, Chemosphere 157 (2016)
107–114.

11] H. Dolliver, K. Kumar, S. Gupta, Sulfamethazine uptake by plants from
manure-amended soil, J. Environ. Qual. 36 (2007) 1224–1230.

12] P.A. Herklotz, P. Gurung, B.V. Heuvel, C.A. Kinney, Uptake of human
pharmaceuticals by plants grown under hydroponic conditions, Chemosphere
78  (2010) 1416–1421.

13] L. Sabourin, P. Duenk, S. Bonte-Gelok, M.  Payne, D.R. Lapen, E. Topp, Uptake of
pharmaceuticals, hormones and parabens into vegetables grown in soil
fertilized with municipal biosolids, Sci. Total Environ. 431 (2012) 233–236.

14] D. Shargil, Z. Gerstl, P. Fine, I. Nitsan, D. Kurtzman, Impact of biosolids and
wastewater effluent application to agricultural land on steroidal hormone
content in lettuce plants, Sci. Total Environ. 505 (2015) 357–366.

15] D. Calderón-Preciado, V. Matamoros, J.M. Bayona, Occurrence and potential
crop uptake of emerging contaminants and related compounds in an
agricultural irrigation network, Sci. Total Environ. 412–413 (2011) 14–19.

16] L.K. Dodgen, J. Li, D.R. Parker, J.J. Gan, Uptake and accumulation of four
PPCP/EDCs in two leafy vegetables, Environ. Pollut. 182 (2013) 150–156.
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