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In the present work, an optimization and validation of an analytical method for the determination of two
plasticizer metabolites, 2-ethylhexanol and 4-heptanone in urine, were carried out by multiple headspace solid-
phase microextraction (MHS-SPME) coupled to GC-MS. The validation study was successfully performed in
terms of stability, method selectivity, linearity, accuracy, recovery, intermediate precision, repeatability, limit of
detection (LOD) and limit of quantification (LOQ) in urine samples. Finally, two population group studies were
developed in urine samples of volunteers with plastic exposure. First group represents the common plastic

exposure of general population and the second one was carried out with healthy moderately trained individuals
who have received blood transfusion. This study demonstrates that significantly increased levels of 2-ethylhex-
anol were found (p < 0.05) in urine samples of volunteers in the early hours after receiving blood transfusion.

1. Introduction

Di(2-ethylhexyl) phthalate (DEHP), the most common member of
phthalates, is used as plasticizer in polyvinyl chloride (PVC) plastics and
may constitute up to the 40% of the finished product. Some examples of
its use are films for wrapping food, toys or medical devices such as
dialysis tubes, infusion sets and storage bags for blood or parenteral
nutrition and continuous ambulatory peritoneal dialysis fluids [1].
DEHP is not chemically bound to a polymeric matrix, so can migrate
from the product, reaching the human body [2,3,4]. Some studies
indicate that DEHP produces a wide range of toxic effects in animals and
in multiple organs including the heart, lungs, kidneys and reproductive
tract. It has been identified as a liver carcinogen in rodents, however
DEHP has been shown to have no toxic effect in primates [5]. In 2002,
the European Commission issued a report specifying that DEHP does not
possess any risk to adult humans, although in the case of children it
could have toxic effects on reproductive development. Its Established
Tolerable Daily Intake (TDI) is 48 pg/kg per day for adults and 20 pg/kg
per day for neonates and children [1,6]. Despite the toxic effects, DEHP

* Corresponding author.
E-mail address: marialuz.alonso@ehu.eus (M.L. Alonso).

https://doi.org/10.1016/j.microc.2022.107567

is the only plasticizer listed in the European Pharmacopoeia that can be
part of medical and pharmaceutical products [7,8].

DEHP is rapidly hydrolyzed in the body to mono-(2-ethylhexyl)
phthalate (MEHP) and 2-ethylhexanol (2-EH), Fig. 1 [7,9,10]. MEHP is
mostly metabolized to form oxydized metabolites, mono-(2-ethyl-5-
hydroxyhexyl)phthalate (MEHHP), mono-(2-ethyl-5-oxohexyl)phtha-
late (MEOHP), mono(2ethyl-5-carboxypentyl)phthalate (MECPP) and
mono|[2-(carboxymethylhexyl] phthalate (MCMHP). On the other hand,
2-EH is oxidized to 2-ethylhexanoic acid and this by p oxidation to 2-
ethyl-3-hydroxyhexanoic acid, 2-ethyl-3-oxohexanoic acid and 4-
heptanone.

The three major metabolites (MEHP, MEHHP and MEOHP) have low
half-life in the urine. 2-EH and 4-heptanone represent the first and last
products of the phase-I metabolism of DEHP. Moreover, unlike the
metabolites derived from MEHP, these metabolites do not undergo
phase-II metabolism, so that samples do not require a previous enzy-
matic hydrolysis to the analysis [11,12]. Therefore, in this work a reli-
able method is presented for the quantitation of 2-EH and 4-heptanone
in urine samples. These metabolites can come from different sources.
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Fig. 1. Oxidation pathway of DEHP metabolites [7,9,10].

Both compounds are large scale industrial chemicals used in several
products as solvents, preservatives, colorants, formulating agents or
flame retardants, among others. The main uses for 2-EH is in the pro-
duction of plasticizers, coatings, adhesives and other speciality chem-
icals. The largest market for 2-EH has been the plasticiser DOP which is
used in the manufacture polyvinyl chloride (PVC) products [13].
Taking into account there is research that suggest that DEHP me-
tabolites in urine can be used as plastic exposure markers [14-17], two
groups of population will be object of study. One of them consisted of
volunteers with a common plastic exposure and the other one which
involved healthy moderately trained individuals who have received
transfusion of blood using PVC infusion tests and blood storage bags.
The volatility of these target analytes makes the use of headspace
solidphase microextraction coupled to gas chromatography-mass spec-
trometry (HS-SPME-GC/MS) an adequate method for their analytical
determination. For 4-heptanone, it is reported in the literature that Wahl
et al. used HS-GC/MS method for the analysis of this metabolite in
human plasma and urine obtained from healthy volunteers and patients
with different diseases [18,19]. 4-heptanone is also considered as
endogenous volatile organic metabolites (EVOMs) and potential
biomarker of cancer from human urine; and has been determined using
octadecyl functionalized core-shell magnetic silica nanoparticle as sor-
bent and further GC/MS analysis [20]. It has been also included in the
analysis of carbonyl volatile compounds as biomarkers in human urine
inside a pilot study to discriminate individuals with smoking habits [21]
and in a study of differential expression of urinary volatile organic
compounds (VOCs) by sex, male reproductive and pairing status [22].
This compound has been also determined in a source separation sani-
tation system, where it was the most dominant odorants emitted [23]. It
was identified in urine collected from children with celiac disease [24]
and in domestic cat urine by HS-SPME-GC-MS olfatimetry [25]. Walker
et al. analyzed the metabolites of DEHP in urine from individuals with
normal and increased plasticizer exposure by HS-SPME-GC/MS [26] and
hypothesized that 4-heptanone arises from in vivo p-oxidation of 2-eth-
ylhexanoic acid from plasticizers. For 2-EH a GC/MS method previous
derivatization has been reported [12]. This compound has been also
determined as possible volatile biomarker of lung cancer by headspace-
programmed temperature vaporization-mass spectrometry [27].

Nowadays, the multiple headspace solid-phase microextraction
(MHS-SPME) methodology occurs in which there is no external cali-
bration [28-30]. MHS-SPME employs the peak areas of a few HS-SPME
consecutive extractions of a same sample to calculate the amount of
analyte of a complete extraction. The sum of the areas obtained in each
extraction results in a total area value that can be represented by the
following equation:

Ar=ZAi=A;/(1-P) (€]

being At the theoretical total area of analyte, A; the peak area of the
i step, A1 the area of the first extraction and p a constant with values
between 0 and 1. The value of p can be obtained from linear regression
analysis of the following equation, where (i-1) represent the extractions
performed:

InAj=InA;+@G—1)-Inp 2)

Then, At is estimated by means of Eq. (1) from the response obtained
from A; and from the p parameter obtained experimentally. Once ob-
tained the At value, the real concentration of the target analyte in the
original matrix can be obtained from a simultaneous external calibration
graph, constructed apart with standard compounds [30].

Therefore, known the advantages of MHS-SPME methodology, the
aim of this work was to optimize and validate a MHS-SPME method for
quantitative purposes of 2-EH and 4-heptanone, the volatile metabolites
of DEHP in urine samples, in terms of sample stability, selectivity,
linearity, recovery, accuracy, precision (repeatability and intermediate
precision), limit of detection and limit of quantification. Then, concen-
trations of metabolites of DEHP were obtained for the two population
groups studied: first group represents the common plastic exposure of
general population and the second one healthy moderately trained
volunteers, who have also received blood transfusion. Variations in
urine dilution supported normalization by specific gravity.
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2. Materials and methods
2.1. Reagents, standard solutions and materials

4-heptanone (98%), 2-EH (99.6%), DEHP (99%) and synthetic urine
(Cerilliant, surine negative urine control) were purchased from Sigma
Aldrich (St. Louis, MO, USA), while sodium chloride (NaCl, >99,5%),
sodium hydroxide (NaOH, 99%), hydrochloric acid (HCL, 37%),
monopotassium dihydrogen (KH2PO4, 99,5%) and dipotassium mono-
hydrogen phosphate (KoHPO4, 99,5%), used for sample conditions
optimization, were obtained from Merck (Darmstadt, Germany). Meth-
anol (HPLC gradient grade, 99.8%) was acquired from Teknokroma
(Steinheim, Germany).

Methanolic stock solution containing the target compounds was
prepared at 25 mg/L and stored at 4 °C in sealed glass vials completely
filled to eliminate headspace. Working solutions were prepared at the
concentration level of 0.2 mg/L in water. Standard aqueous solutions
were prepared using ultrapure reagent grade water purified by a Milli-Q
gradient system (Millipore, Bedford, MA, USA). KH,PO4/K;HPO4 buffer
(1 M, pH 6.4) and NaOH (6 M) solutions were prepared using Milli-Q
water.

Pooled urine sample spiked with 2-EH at a concentration of 0.02 mg/
L, due to the low basal level of this target compound, was used for
extraction method optimization. Spiked urine pool was stored at —20 °C.

For HS-SPME, SPME fibers coated with 100 pm polydimethylsiloxane
(PDMS), 85 pum polyacrylate (PA), 75 pm  carboxen-
polydimethylsiloxane (CAR/PDMS) and 65 pym polydimethylsiloxane-
divinylbenzene (PDMS/DVB) obtained from Supelco (Bellefonte PA,
USA) were used. All SPME fibers were thermally conditioned in accor-
dance with the manufacturer’s recommendations.

2.2. Urine samples

Urine samples were collected in order to carry out the two popula-
tion group studies. In both cases the samples were of healthy volunteers
and were approved by the Ethics Committee of the Ruhr-University
Bochum (Reg. No. 3200-08). Before the beginning of the study, sub-
jects gave their written informed consent for their enrollment.The first
study consisted of a group of people with common exposure to plastics.
Samples (n = 30, average age = 25 + 5 years, range 19-37 years, 15 men
and 15 women) were collected from the first morning void and stored at
—20 °C. In the second group, six healthy moderately trained volunteers
received autologous blood transfusion. Urine samples were collected
before and from 1 to 3 days after blood transfusion and were supplied by
Hospital del Mar Medical Research Institute (IMIM) [14,15]. Urines
stored at —20 °C, corresponding to day —1 (one day before reinfusion),
day O (reinfusion) and 1, 2 and 3 (3 consecutive days after blood rein-
fusion) were taken.

After being thawed at room temperature, specific gravity of centri-
fuged urine samples was measured by means of a refractometer. Con-
centrations were then corrected for specific gravity. This mathematical
correction process, usually carried out in doping control for some ana-
lytes, was calculated by applying the following formula [15,31]:

Concentration adjusted = Concentration x [(1.020 — 1) / (specific gravity of the
sample — 1)] 3

2.3. Optimization of the MHS-SPME method

MHS-SPME parameters can affect the extraction process, and in
order to get the highest recovery values of the analytes the optimization
of parameters such as fiber type, fiber desorption time, sample condi-
tions (pH, salt addition), sample agitation, extraction temperature and
time was performed.
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For the fiber selection, four different fiber coatings were tested: 100
pm PDMS, 85 um PA, 75 um CAR/PDMS and 65 ym PDMS/DVB. Once
the fiber was selected, the influence of desorption time (1, 2 and 6 min)
was studied.

In order to select the sample conditions (pH and addition of salt)
which may enhance the release of analytes to the headspace, the influ-
ence of the addition of HCl, phosphate buffer, NaOH and NaCl was
studied. After that, since the agitation of the sample during the sample
preheating time could also increase the release of the volatile com-
pounds, different agitation speeds were tested (0, 500, and 750 rpm).

Finally, different extraction times (1, 5, 70 15, 30, 45 min) at
different temperatures (50 and 60 °C) were studied in order to reach
distribution equilibrium in the system. For this purpose, each sample
was extracted seven times under previously optimized conditions and at
the different times and temperatures to establish when the linearity of
neperian logarithm of A; (In A;) versus number of extractions (i-1) plot
was achieved (Equation 1-2). 10 mL headspace vials with soft silicone
rubber seals and aluminum caps were used for every analysis.

2.4. GC/MS method

An Agilent 6890 series gas chromatograph equipped with a PAL
COMBI-xt sample injector and a 5973-N mass spectrometric detector
(Agilent Technologies, Palo Alto, CA, USA) was used. The GC separation
column was a 30 m x 0.25 mm x 0.25 um DB-1MS capillary column. The
injector and detector temperatures were set at 260 °C and 300 °C,
respectively. Oven temperature was programmed with an initial tem-
perature of 50 °C for 2 min, followed by an increase at a rate of 20 °C/
min up to 130 °C, and finally the oven temperature was increased at a
rate of 40 °C/min up to 250 °C. The carrier gas was helium (99.999%) at
a flow rate of 1.3 mL/min. Data were acquired in selected ion moni-
toring (SIM) mode using specific ions to monitor each compound (m/z
43,71, 114 for 4-heptanone and m/z 57, 43, 98 for 2-EH). The injections
were performed in splitless mode.

2.5. MHS-SPME-GC/MS method validation

Sample stability, method selectivity, calibration model (linearity),
recovery, accuracy, precision (repeatability and intermediate precision),
LOD and LOQ were evaluated in method validation [32,33].

The stability of the DEHP metabolites in the prepared samples was
tested by using synthetic urine spiked at a concentration level of 20 ng/
mL and stored at — 20, 4 °C and room temperature, respectively, up to 3
months. Since samples were frozen and thawed several times through
the study, freeze/thaw stability of analytes was evaluated over nine
freeze/thaw cycles.

The approach used to establish method selectivity was to verify that
there were no interfering peaks at the retention time of the analytes.
Several blank samples belonging to different sources (empty vials, SPME
fiber blanks, water blank samples and synthetic urine samples) were run
to verify the absence of interfering peaks.

Calibration curves of the method were obtained by representing the
total area against the standard concentration used before for the line-
arity study, where the slope obtained in the multiple extractions was
used to calculate the total area present in the vial using Eq. (1).

Intra-day and inter-day accuracy and precision (repeatability and
intermediate precision) were evaluated analyzing three concentration
levels and three replicates of the spiked urine pool over three consecu-
tive days (n = 3 + 3 + 3). Accuracy was expressed as relative error, RE%
= (Absolute error / “True” value) * 100%. Precision was expressed as
RSD% of the calculated concentrations.

Recovery percentage (REC%) was obtained from the ratio (in per-
centage) between the analyte concentration obtained and the analyte
concentration with which urine pool was spiked. Recovery was deter-
mined from the solutions used for accuracy and precision studies.

LOD and LOQ were calculated from the peak area value for the first
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extraction of a blank plus three and ten times, respectively, the standard
deviation of five blank replicates. This parameter was calculated in this
way due to the impossibility to obtain an experimental decay from a
blank sample. Finally, the chromatographic signal of the blanks was
interpolated in the linear calibration to determine the concentrations of
both parameters [30].

3. Results and discussion
3.1. Optimization of the MHS-SPME method

Seven factors were selected to optimize MHS-SPME: fiber type,
desorption time, agitation speed, extraction temperature, extraction
time and other parameters that can affect the extraction process such as
salt addition and sample pH control (Fig. 2). Fiber type and desorption
time were optimized using a standard solution of target analytes. The
rest of the parameters were evaluated in urine matrix since the diffusion
of the analytes from the matrix is often very different in comparison with
that for the standard.

In MHS-SPME it is essential to extract a significant amount of analyte
in order to observe an exponential decay of peak areas versus the
number of extractions [28]. Although the fiber that provided the highest
chromatographic signal was CAR/PDMS, the obtained chromatograms
shown peak tails and lack of resolution. Since high chromatographic

signals with good resolution and good repeatability results were ob-
tained using the 65 ym PDMS/DVB fiber, it was used in all remaining
experiments (Fig. 2a). Once the most suitable fiber was selected,
desorption time of 1, 2 and 6 min were studied [26,34]. Similar chro-
matographic signals were obtained for the studied desorption times
(Fig. 2b). Nevertheless, the repeatability of the extraction was favored at
2 min desorption time.

With regard to the sample conditions, salt concentration and sample
pH control can be used to enhance extraction [2,7,26,34]. In some works
the use of HCl (pH = 1 - 2) is recommended in order to promote the
analyte release, as well as the addition of NaCl [34], while other works
reported that the addition of NaOH (pH = 11 - 12) favors the release of
ketones into the HS [26]. Also, the use of a buffer is very common when
urine samples are analyzed [35,36]. According to this previous data, the
influence of the addition of HCI, phosphate buffer, NaOH and NaCl was
studied as summarized in Fig. 2c. Extraction temperature and time were
set at 60 °C and 10 min [2,7,19]. The results showed a great increase in
the release of 4-heptanone after the addition of HCI and the biggest
increase for both analytes was seen when NaCl was also added. NaOH
and/or NaCl addition also enhanced the analyte extraction, although the
signal corresponding to 4-heptanone did not increase at the same level
as with the acid. Nevertheless, as reported Walker and co-workers [26],
HCI not only favors the release of the analytes, but also could produce
the decarboxylation of 2-ethyl-3-oxohexanoic acid to 4-heptanone as
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at 50 °C.

can be seen in Fig. 1. This fact would not allow carrying out a study on 4-
heptanone monitoring over time if necessary. Moreover, the addition of
HCl introduces higher variability of the results than the rest of sample
treatments, which leads to a worse repeatability. The sensitivity ob-
tained without the addition of the acid was acceptable, so for all the
reasons mentioned above, the addition of HCl was discarded.

All urine collection and storage containers should be sterile, clean
and free of particles or interfering substances. Nevertheless, sometimes
PVC bottles are used for urine sample collection where the migration of
DEHP to the sample may occur. This way, additional experiments were
performed in the event that DEHP could hydrolyze in the presence of an
acid or a base when PVC bottles are used. In order to confirm or exclude
this possibility, the analysis of water samples spiked with DEHP and
after adding HCl or NaOH was carried out. The results suggested the
appearance of a peak corresponding to 2-EH when NaOH was added.
Since the hydrolysis of DEHP in an alkaline medium was concluded, the
addition of NaOH was also discarded.

The control of sample pH is important to obtain reproducible results
and, therefore, 0.5 mL of phosphate buffer (1 M, pH 7.0) as well as 1 g of
NaCl were added to urine aliquots. The resulting pH was 5.5 + 0.2. In
addition, the sample volume was reduced to 1 mL because of the sub-
stantial increment in sensitivity after NaCl addition.

Once sample conditions were set, the effect of sample agitation was
evaluated, which could also help improving analyte extraction. Different
stirring speeds (0, 500 and 750 rpm) were tested [30]. Stirring at 750
rpm resulted in an increase of the chromatographic signal of 4-hepta-
none and 2-EH by more than 100% (Fig. 2d).

Finally, the extraction time (1, 5, 15, 30 and 45 min) and tempera-
ture (50 and 60 °C) were investigated by means of a four-step MHS-
SPME procedure [37], Fig. 2e. The experiments carried out at 50 °C and
1 and 5 min extraction time and also at 60 °C and 1 min provided linear
InA; vs. (i-1) plots as well as good chromatographic signals. However,
the conditions that showed the best correlation coefficients (0.999 and
0.978 for each analyte) were selected, 50 °C and 5 min.

When MHS-SPME is used for quantitative purposes the examination
of the InA; versus (i-1) representation is recommended. This represen-
tation should be linear through successive extractions. Additionally, the
correlation coefficient as well as the § value should also be examined to
ensure the absence of possible undesirable matrix effect or any adsorp-
tion effect [37]. In this sense, seven successive extractions were carried
out under previously optimized conditions. The results showed lack of
linearity for both compounds from the fourth extraction on. One of the
causes could be adsorption effects of the various solid compounds pre-
sent in the sample such solid particulate [29]. Although different stra-
tegies were considered (the use of new headspace vials, centrifugation of
the samples to avoid suspended solids or avoid NaCl addition), the

adsorption effect was not eliminated. Target analytes appeared to be
linked in a certain way to sample matrix. Therefore, the addition of
NaOH was reconsidered with the aim of eliminating this possible link
and therefore the lack of linearity.

Although NaOH hydrolyzes the DEHP that migrates from the
container to the sample when PVC bottles are used, the amount of 2-EH
produced from this hydrolysis should be comparable for all samples, if
they have stored following the same conditions, and thus, the effect
would be eliminated.

Since the addition of NaOH can have an influence on the sample
equilibration time, the extraction time was readjusted. It was seen that
the lack of linearity disappeared after the addition of NaOH and the best
results were obtained at 1 min extraction time with correlation values
greater than 0.99 (see Fig. 3).

The same experiment was repeated over three different days with
three replicates per day in order to confirm the reliability of the results.
Once the seventh extraction profile was checked, it was noticed that not
significant changes were observed if only four successive extractions
were considered for calculation of neither § nor At values. Therefore, it
was decided to reduce the number of extractions to four, reducing this
way analysis time.

Similarly, the optimum extraction time of the standard solutions was
established by extracting, in this case, 2 uL of 5 mg/L standard solution
at different times (1, 5, 15, 30 y 45 min) at 50 °C. The best results were
also obtained at 1 min extraction time.

In summary, 10 mL headspace vials were filled with 1 mL aliquots of
urine and after alkalization with NaOH (33 pL, 6 M), 0.5 g NaCl were
added. The extraction was performed at 50 °C for 1 min under agitation
(750 rpm) using a 65 pm PDMS/DVB SPME fiber and the extracted
analytes were desorbed for 2 min in the injector of the GC/MS at 260 °C.
The current 4 extraction MHS-SPME-GC/MS method was used to
analyze and quantitate the volatile metabolites of DEHP in urine
samples.

3.2. MHS-SPME-GC/MS method validation

The MHS-SPME method developed was validated in terms of sample
stability, method selectivity, calibration model (linearity), recovery,
accuracy, precision (repeatability and intermediate precision), LOD and
LOQ.

Within this study, the stability of the DEHP metabolites in the pre-
pared samples was tested. No significant decrease of the volatile me-
tabolites concentrations was observed in the samples stored at — 20 and
4 °C. Nevertheless, sample storage at room temperature appeared to
affect its stability (data not shown). On the other hand, as observed, the
analytes were stable after several freeze/thaw cycles indicating sample
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Table 1
Intra-day and inter-day values of repeatability (RSD%) and accuracy (RE%) at
each concentration level; and LOD and LOQ values.

4-heptanone 2-EH
Concentration RSD RE Concentration RSD RE
(mg/L) % % (mg/L) % %
Intra- 0.0080 7 7.5 0.002 5 4.3
day
0.027 6 5.4 0.004 16 11.0
0.23 12 9.0 0.013 18 13.0
Inter- 0.018 14 7.2 0.052 22 10.6
day
LOD 0.00001 0.0005
(mg/
L)
LOQ 0.00002 0.001
(mg/
L)
0.50
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0.40
035 [l 4-heptanone 2-EH

e
W
S

Concentration (mg/L)
o o o o o
> B B N R
& o & 38 &

o
o
S

Volunterees

Fig. 4. Concentrations of 4-heptanone and 2-EH in urine obtained from 30
volunteers with daily exposure to plastics.

stability and ensuring accurate quantification.

With regard to selectivity, no significant interfering peaks were
detected at the target compounds retention times. As expected, low basal
levels of the analytes were always detectable with stable relative ion
ratios identical to the reference compound.

The experiments showed linear correlation between At and analyte
concentration for the concentration range of 0.00002 — 0.23 mg/L and
0.001 — 0.052 mg/L for 4-heptanone and 2-EH, respectively with r?
values > 0985.

Precision and accuracy were evaluated at three concentration levels
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in terms of RSD% and RE%, respectively. The method presented slightly
better RSD% values for 4-heptanone and at low and medium concen-
tration levels. Table 1 shows the intra-day and inter-day repeatability
and accuracy from the analysis of a spiked urine pool; and LODs and
LOQs obtained for each target compound. REC% values were between
90 and 110% for both compounds.

3.3. Urine sample analysis

Urine samples corresponding to two population groups of healthy
volunteers were analyzed by the developed and validated method.

3.3.1. Population group 1

Metabolite concentrations were determined from 30 urine samples of
individuals with common exposure to plastics. In Fig. 4 results obtained
for 2-EH and 4-pentanone are shown. The results showed mean con-
centration levels of 0.06 + 0.01 mg/L for 4-heptanone and 0.01 + 0.01
mg/L for 2-EH.

3.3.2. Population group 2

Concentrations of 4-heptanone and 2-EH were determined in urine
from healthy moderately trained individuals, who have been exposed to
a blood transfusion. In Fig. 5, the results of the reinfused volunteers
urine can be seen. A statistically significant increase (test t, p < 0.05) in
the concentration of 2-EH in all urine samples collected the day of the
reinfusion (day 0) compared to the samples collected the day before (p
= 0,03) was observed. Nevertheless, the concentration returned to
baseline the following day.

It can be observed that there is no statistically significant increase in
the concentration of 4-heptanone in any of the samples with respect to
the levels obtained for the samples collected the day before reinfusion (p
value range: 0.06-0.49).

These results, as the ones obtained by Monfort et al. [14,15], indi-
cated that the first metabolite of the metabolic process of the DEHP (in
this case 2-EH) is which is affected after blood transfusion.

The quantitative results were corrected to the physiological amount
of the respective analytes in the used blank matrix and adjusted to a
standard urine density of 1.020 g/mL according to WADA guidelines
[31].

4. Conclusions

The developed MHS-SPME method coupled to GC/MS is simple, se-
lective, sensitive, precise and allows satisfactory identification and
quantification of 4-heptanone and 2-EH metabolites in urine real sam-
ples at trace levels. Besides, it is capable of detecting the target metab-
olites by using small sample volume (1 mL urine). The quantified
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Fig. 5. Concentrations of 4-heptanone and 2-EH in urine obtained from reinfused volunteers (v1-v6). Urines corresponding to day —1 (one day before reinfusion),
day 0 (reinfusion) and 1, 2 and 3 (3 consecutive days after blood reinfusion) were taken. Sample conditions: to 1 mL of urine, 0.5 g NaCl and 33 pL NaOH (6 M) were
added. Extraction conditions: 1 min extraction time, 50 °C extraction temperature, PDMS/DVB fiber, 750 rpm agitation speed, 2 min time of desorption at 260 °C.
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volatile compounds offer the advantage that, unlike the metabolites
derived from MEHP, do not undergo phase-II metabolism, so that a
previous enzymatic hydrolysis is not required. This fact makes the
analytical procedure easier and less time consuming.

Due to MHS-SPME technique could make the analysis independent
from the matrix analyzed, as future perspective, the method developed
would manage to be applied to the analysis of these compounds in other
matrixes as plasma. Moreover, it would be possible to widen the method
to the determination of other endogenous volatile organic metabolites
(EVOMs).
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