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Abstract. Apheresis products are regularly stored in bags containing phthalates. This study was initialized to find a possible
relation between storage period, storage temperature, and diverse organic and non-organic substances with the migration of
phthalates out of PVC-containing medical products as bags. Data were obtained by the observation of 20 autogenic peripheral
stem cell donors, 21 allogenic peripheral stem cell donors as well as 10 bone marrow donors. Identification and quantification
of DEHP and MEHP (primary metabolite of DEHP) was realized due to high performance liquid chromatography-mass
spectrometry (LCMS). The results revealed that DEHP diffused out of the tube system (as part of apheresis device) into
the blood and was then also detectable in apheresis products. Further experiments focused on storage conditions could
demonstrate that migration of DEHP out of PVC-containing storage bags directly correlated with storage temperature. In
addition, concentrations of DEHP and MEHP were also influenced by storage period. All concentrations of DEHP remained
below the recommended “tolerable daily intake” (TDI).
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1. Introduction

Di(2-ethylhexyl) phthalate (DEHP) is a plasticizer used in medical products made with polyvinyl
chloride (PVC) plastic. More than 2.7 tons of phthalates are produced synthetically each year. Within
this group, DEHP is the most produced phthalate and represents nearly 40% of the PVC production
[29, 30].

DEHP is highly lipophilic and hydrophobic [1]. Dissolution of DEHP out of the material can have
positive effects for erythrocyte concentrates. It could be shown that DEHP is able to protect membranes
of erythrocytes and as a result flow rates of erythrocytes and blood remain intact. Another effect
is the reduction of osmotic fragility and in that respect increase of osmotic resistance [2]. Samson
reported that there is up to 50% more hemolysis observed in DEHP-free blood bags and another study
also found an increased number of erythrocytes in bags containing DEHP (24 h after transfusion)
[3–5]. These effects cannot be linked to Monoethylhexylphthalat (MEHP), a primary metabolite of
DEHP [6]. Furthermore, the concentration of DEHP in the blood, which is stored in PVC bags, is
directly proportional to temperature and time of storage [7]. Due to permanent migration of DEHP,

∗Corresponding author: Dr. med. habil. F. Wenzel, Hochschule Furtwangen, Campus Schwenningen, Fakultát Medical
and Life Sciences, – Medizinische Diagnostik, Jakob-Kienzle-Str. 17, 78054 Villingen-Schwenningen, Germany. Tel.:
+49 7720 307 4358; E-mail: folker.wenzel@gmx.de.

2352-3689/16/17/$35.00 © 2016/2017 – IOS Press and the authors. All rights reserved

mailto:folker.wenzel@gmx.de


160 S. Degenhardt et al. / Identification of phthalates in stem cell donors

the material becomes brittle and the surface structure alters. Cole et al. were able to show that frozen
plasma contained significantly less DEHP and MEHP than non-frozen plasma which was exposed to
summerlike temperatures [8]. The diffusion property of DEHP is also used for sports drug screening.
Therefore, detection of DEHP and its metabolites which derive from tube systems and blood bags
can provide evidence of cumulative autologous (detection of extrinsic blood system antigens is not
possible) and allogenic blood transfusions [9, 10].

DEHP has a low acute toxicity level, but has been shown to produce a wide range of adverse effects
in experimental animals. However, there is evidence that DEHP may also cause adverse reproductive
effects in humans [1, 4, 11].

This study focused on DEHP as one of the most widely-used phthalates along with its primary
metabolite MEHP and how they might have effects on allogenic and autologous stem cell apheresis
products.

2. Material and methods

2.1. Donors

This study is based on data derived from 51 stemm cell donations. The community was composed
of 20 autogenic peripheral stem cell donors, 21 allogenic peripheral stem cell donors and 10 bone
marrow donors, all groups consisting of both males and females.

Following parameters were collected: sex, age (years), weight (kg), size (cm), blood volume (ml),
leucocyte count per �l, red blood cell count (M/�l), thrombocyte count per �l, hemoglobin (g/dl),
creatinine in serum (mg/dl) and glomerular filtration rate (ml/min) in average.

2.2. Stem cell apheresis

Apheresis was performed, after stem cells were mobilized out of the bone marrow into peripheral
blood stream. A Cobe Sprectra apheresis system (Cobe Spectra I, II, II or IV, software version 4.7 or 6.1
PBSC, Gambro BCT) was used along with the corresponding apheresis kit (CobeSpectra Closed Blood
Cell Set, FC “WBC” ISBT, Gambro BCT) to collect patients’ blood via peripheral access (or central
venous catheter). The blood was anticoagulated and directed into the apheresis system. Anticoagulants
were ACD-A and Heparin (unfractionated Heparin, Heparin-Natrium-5000-ratiopharm, Ratiopharm).
5 ml ACD-A and Heparin were directed to the collecting bag via the tubes of the system and then stem
cells were collected. In addition to, aliquots of each collecting bag were taken after apheresis under
sterile conditions.

2.3. Flow cytometry

Cell analysis was conducted on a Beckman Coulter Epics XL MCL flow cytometer with a corre-
sponding software (EXPO 32/RXP). Here, an argon-ion laser (488 nm) was used.

2.4. Sample preparation for chromatography

HPLC-MS/MS was used to detect DEHP and MEHP in plasma and apheresis samples. Aliquots of
50�l were mixed with 5 �l of internal standard of 50 ng/ml concentration and protein precipitation
was made with acetonitrile (VWR International GmbH, Darmstadt, Germany) in 2.5-fold excess. After
5 minutes of centrifugation at 17000 G (Heraeus Pico17 Centrifuge, Thermo Scientific, Dreieich,
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Germany), the supernatants were transferred to glass vials and subsequently analyzed. Quantification
was realized due to a calibration line with at least 6 calibration points of a concentration range between
0 and 100 �g/ml. Reference materials for this procedure were DEHP and MEHP (Camebridge Isotope
Laboratories Inc., Andover, MA, USA) diluted in deionized water (Sartorius Stedim Biotech S.A.,
Aubagne, France). Internal standards were stable isotype-labelled analogues: D4-DEHP and 13C4-
MEHP (Camebridge Isotope Laboratories Inc., Andover, MA, USA).

Chromatography is performed on an Agilent 1100 series HPLC (Agilent Technologies, Waldbronn,
Germany) connected over a HESI-source with a 4000-Q-Trap mass spectrometer (Applied Biosystems,
Darmstadt, Germany).

For the LC-System a Nucleodur-C18-column (50 × 2,1 mm, 3 �m particle size) was used. Solvents
were 5 mM ammonium-acetate (solvent A) and acetonitrole (solvent B) and the start point of the
gradient was 10% B which was evenly raised to 100% within 8 minutes. The procedure was continued
with an isocratic elution with 100% B for 3 minutes. To re-equilibrate the column the initial solvent
composition was driven for further 4 minutes at a flow rate of 250 �l/min and an injection volume
of 10 �l.

3. Results

3.1. Blood counts from peripheral blood

To first get an overview of the data, the blood counts of autologous and allogenic stem cell donors
were compared. The focus laid on the number of blood cells, kidney parameter creatinine and the
glomerular filtration rate with the aim to determine whether there can a significant difference in the
cell count of peripheral blood being observed between those groups.

Means and standard deviations of blood counts of peripheral blood from allogenic and autologous
stem cell donors before and after apheresis are outlined in Table 1. Data show that in mean the
numbers of all blood cell types were higher before the apheresis procedure for both groups than
after. Autologous stem cell donors showed significant lower values for all analyzed blood parameters
compared to allogenic donors (p < 0,05, student’s t-test). CD34+ cell numbers were only detected
before apheresis for both groups, but the absolute number of CD34+ cells was significantly higher for
autologous stem cell donors (p < 0,05, student’s t-test). In contrast, a significant increase in numbers of
leukocytes, thrombocytes, hemoglobin concentration and hematocrit could be observed for allogenic
stem cell donors when compared to the autologous group.

3.2. Detection of DEHP and MEHP from peripheral blood

Blood samples from allogenic and autologous donors were analyzed to obtain data regarding contents
of phthalates DEHP and MEHP.

Table 2 summarizes means and standard deviations of MEHP and DEHP for allogenic and autologous
stem cell donors before and after apheresis. The value determined in average for DEHP from allogenic
stem cell donors before apheresis procedure was below the detection limit. After apheresis the value
did not increase significantly to a mean of 0.09 �g/ml ± 0.19 (p > 0.05, student’s t-test). For autologous
donors mean value of DEHP was 0.22 �g/ml ± 0.17 before apheresis and increased significantly to a
mean of 0.88 �g/ml ± 0.42 after apheresis (p < 0,05, student’s t-test).

Furthermore, the mean value of MEHP was below the detection limit for allogenic donors before
apheresis and was not significant higher after apheresis (mean 0,12 �g/ml ± 0,06, p > 0,05, student’s
t-test). Therefore, MEHP could not be detected in samples from autologous donors.
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3.3. Detection of DEHP and MEHP from apheresis products

Apheresis products from autologous stem cell donors were also analyzed for DEHP and MEHP
with additional focus on possible influence of storage period and storage temperature. After apheresis
the products from autologous donors were immediately analyzed and detected. Mean values were
5.2 �g/ml ± 3.3 for DEHP and 0.29 �g/ml ± 0.28 for MEHP.

Apheresis products of autologous stem cell donors were additionally checked for amounts of DEHP
and MEHP before re-transfusion after the bags were stored via cryopreservation and values were
compared to those obtained immediately after apheresis. Storage period was in mean 47 days at
–175◦C. After storage via cryopreservation the mean value increased significantly to 7.07 �g/ml ± 5.54
(p < 0.05, student’s t-test, Fig. 1). Furthermore, MEHP showed a significantly increased mean value
of 0.57 �g/ml ± 0.59 (p < 0.05, student’s t-test, Fig. 1). For allogenic stem cell donors mean values of
0.92 �g/ml ± 0.51 for DEHP and 10.07 �g/ml ± 4.40 for MEHP were obtained for apheresis products
immediately after apheresis. The mean values of both DEHP and MEHP were significantly increased
in apheresis products from allogenic donors, when means of DEHP and MEHP from autologous and
allogenic donors were compared (p < 0.05, student’s t-test, Fig. 2).

Table 1

Blood counts from peripheral blood of allogenic and autologous donors

Allogenic donors Autologous donors

before PBSC after PBSC before PBSC after PBSC

Leukocytes (K/�l) 44,3 41,4 23,8 19
Leukocytes (K/�l) SD 13,2 13,3 16,9 14,4
Hb (g/dl) 14,2 13,5 9,9 9,1
Hb (g/dl) SD 0,6 0,7 1,1 1
Hct (%) 43 41 30 28
Hct (%) SD 1,9 2 3,5 3
Erythrocytes (M/�l) 7,9 4,7 3,4 3,1
Erythrocytes (M/�l) SD 0,2 0,3 0,4 0,4
Thrombocytes (K/�l) 242 132 121 72
Thrombocytes (K/�l) SD 58,8 38,8 99,3 47,9
CD 34+ (106/kg bw) 2,59 3,57
CD 34+ (106/kg bw) SD 0,7 2,7

Table 2

Mean values and standard derivations of MEHP and DEHP concentrations for allogenic
and autologous stem cell donors

Allogenic donors Autologous donors

before apheresis after apheresis before apheresis after apheresis

MEHP (�g/ml) mean 0 0,12 0 0
MEHP (�g/ml) SD 0 0,06 0 0
DEHP (�g/ml) mean 0 0,09 0,22 0,88
DEHP (�g/ml) SD 0 0,19 0,17 0,42
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Fig. 1. DEHP and MEHP concentrations in autologous apheresis products before and after 47 days storage at –175◦C.

Fig. 2. Concentrations of apheresis products from allogenic donors analyzed immediately after apheresis.

3.4. Detection of DEHP and MEHP in bone marrow preparations of allogenic bone marrow
donors

Amounts of DEHP and MEHP were also analyzed in bone marrow preparations derived from allo-
genic donors with additional focus on the storage period. Storage conditions were 72 h at 4◦C and
analyses were made after 0 h, 24 h, 48 h and 72 h.

Concentrations of MEHP increased during 72 h of storage. MEHP and DEHP were already detected
in the preparation of allogenic bone marrow donors immediately after donation. Both phthalates showed
a significant increase in the mean values during storage (p < 0.05, Student’s t-test, Fig. 3).

When both groups of allogenic donors (stem cell vs. bone marrow) were compared in respect
to concentrations of MEHP and DEHP the statistical test revealed that concentrations in apheresis
products from allogenic stem cell donors were significant higher than in bone marrow preparations of
allogenic bone marrow donors (p < 0.05, Student’s t-test).

3.5. Storage of plasma, apheresis product, mixture of plasma + apheresis product from allogenic
stem cell donors

Another focus was on the amounts of MEHP and DEHP in pure plasma and pure apheresis product
as well as in the mixture of plasma and apheresis product (3 : 1). The substances were stored at 4◦C
for 72 h and analyses were made after 0, 24, 48 and 72 h.

Concentrations of DEHP in plasma significantly increased during 72 h of storage (p < 0.05, Stu-
dent’s t-test, Fig. 4). In addition, DEHP and MEHP in apheresis products from allogenic stem cell
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Fig. 3. Mean values of phthalates MEHP and DEHP in bone marrow preparations at storage time points 0, 24, 48 and 72 h.

Fig. 4. Analysis of MEHP and DEHP in the plasma of allogenic peripheral stem cell donors.

donors significantly increased during the 72 h storage period (p < 0.05, Student’s t-test). Analysis of
the plasma/apheresis product mixture (3 : 1) again showed a statistically significant increase of MEHP
and DEHP during 72 h storage at 4◦C (p < 0.05, Student’s t-test, Fig. 5). Furthermore, the ratio of DEHP
and MEHP in plasma, apheresis product and the mixture thereof during the 72 h of storage were of
interest. For pure apheresis product there was no significant relationship of DEHP and MEHP detected.
In contrast, pure plasma showed a significant decrease during 72 h storage (p < 0.05, Student’s t-test).
After 72 h of storage, a significant decrease of DEHP/MEHP ratio was also detected in the mixture
(3 : 1) of plasma and the apheresis product (p < 0.05, Student’s t-test).

Fig. 5. Plasma/apheresis mixture (3 : 1) analysis of DEHP and MEHP concentrations.
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Fig. 6. MEHP concentrations in the plasma of peripheral stem cell donors during storage at –80◦C, 4◦C and 37◦C.

Fig. 7. DEHP concentrations in the plasma of peripheral stem cell donors during storage at –80◦C, 4◦C and 37◦C.

3.6. Storage of plasma from allogenic peripheral stem cell donors at 4◦C, 37◦C and –80◦C

To determine which influence the condition storage temperature has on concentrations of DEHP and
MEHP in plasma of peripheral stem cell donors, samples were stored at 4◦C, 37◦C and –80◦C for 72
hours. Concentrations of DEHP and MEHP were measured immediately before storage and after 24 h,
48 h and 72 h.

For MEHP in plasma of allogenic peripheral stem cell donors, which was stored at –80◦C, first an
increase during 48 h and a decrease after 72 h was detected. Data for 0, 24 h, 48 h and 72 h showed no
statistical significant effect (p > 0.05, Student’s t-test, Fig. 6, blue columns).

Mean values and standard deviations of MEHP concentration values in plasma from allogenic
peripheral stem cell donors, which were stored at 4◦C for 72 h increased statistically significant
(p < 0.05, Student’s t-test, Fig. 6, red columns). The same effect was observed for the samples stored at
37◦C for 72 h (Fig. 6, green columns). In contrast, amounts of DEHP in plasma from allogenic periph-
eral stem cell donors stored at –80◦C after 24 h, 48 h and 72 h were below the detection limit (Fig. 7).

When the plasma was stored at 4◦C, DEHP significantly increased after 24 h, 48 h and 72 h when
compared to the analysis immediately before storing (p < 0.05, Student’s t-test, Fig. 7, red columns).
Same results were obtained for DEHP concentrations from plasma samples which were stored at 37◦C
for 72 h (Fig. 7, greens columns).

As a control, analyses of DEHP and MEHP were made in 0.9% sodium chloride (NaCl) which was
stored under the same conditions as previous samples (–80◦C, 4◦C, 37◦C for 72 h). The amounts of
DEHP and MEHP were below the detection limit for all time points of measurement.
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3.7. DEHP and MEHP contamination from tube system

Additionally, the influence of the tube system as part of the apheresis system on DEHP and MEHP
concentrations was analyzed. For this purpose, the tube system was stored with the remaining donor
blood for 24 h at room temperature. Data were recorded immediately after removing the tube system
from the apheresis system and after 24 h of storage. During the 24 hours an increase from 0 �g/ml to
5.39 �g/ml ± 5.85 for MEHP was detected and a release of 0.22 �g/ml/h MEHP was calculated. The
DEHP increase was detected from 0 �g/ml to 5.84 �g/ml ± 5.85 within 24 hours or a calculated DEHP
release of 0.22 �g/ml/h.

Mean transit times were determined from donor protocols: 2.7 h ± 1.1 for autologous stem cell
donors and 3.2 h ± 0.7 for allogenic stem cell donors.

4. Discussion

Analyses of cellular components before and after apheresis showed that the procedure had a crucial
influence on blood count. After an apheresis, significantly lower values could be detected in allogenic
and autologous donor groups, because beside collected stem cells also isolated cellular components
were extracted, which was also found in a study by Cherqaoui et al. (2013) [12]. Additionally, Das
et al. showed in 2009 a decrease of cellular components during thrombocytes apheresis [13]. When
compared, blood counts of the autologous group showed significantly lower amounts before and
after apheresis in contrast to the allogenic group. This can be traced back to various hematopoietic
systemic diseases which occur in the group of autologous donors and which made it necessary for
them to receive an autologous stem cell apheresis [14, 15]. Significant high numbers of leucocytes
were detected for allogenic stem cell donors before and after apheresis, which might be the result of
treatment with G- CSF (Granulocyte Colony Stimulating Factor) before apheresis. When determined
if peripheral stem cell apheresis increased the exposure to DEHP and MEHP, it was observed that
the tube system as part of the apheresis system causes a release of 0.22 �g/ml/h for both DEHP
and MEHP and results in concentrations of these phthalates which can also be found in apheresis
products in autologous and allogenic stem cell donors. Significant higher concentrations for allogenic
stem cell donors may be a result from significant higher transit times when apheresis was conducted
for allogenic stem cell donors. Here, mean transit time was 3.2 ± 0.7 h compared to 2.7 ± 1.1 h for
autologous stem cell donor. As a consequence the processed blood was exposed to the tube system
for a longer time. Another factor that could not be investigated in this study might originate from high
triglyceride concentrations found in the donors’ serum. DEHP is lipid soluble and high triglyceride
concentrations in the serum may promote the dissolution of DEHP and declare different plasticizer
concentrations in apheresis products from the two groups [4, 5, 16–18]. In peripheral blood from
allogenic donors concentrations of DEHP and MEHP were below detection limit before apheresis and
were not significantly increased after apheresis. This is in contrast to the calculated DEHP-release of
0.22 �g/ml/h. Based on this higher concentrations were expected. Possible reasons might be that several
plasma and liver enzymes lead to a rapid degradation of DEHP and also to lower concentrations found
in the blood samples. Additionally, DEHP can accumulate in organs leading to lower concentrations in
the blood [16, 19]. Autologous donors showed no detectable concentrations of MEHP, likely because
of degradation of MEHP. DEHP in the peripheral blood was detectable already before apheresis and
increased significantly after apheresis. Tickner et al. found in their study from 2001 that chronically
sick people generally show increased DEHP concentrations.

For bone marrow preparations as well detectable concentrations of DEHP and MEHP were found.
Compared to apheresis products from allogenic stem cell donors, as expected, concentrations were
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significant lower. Bone marrow aspiration from iliac crest takes in mean 2 hours and thus is shorter
than peripheral stem cell apheresis. In addition, no contamination occurs with plasticizers from a tube
system of the apheresis system. Detectable concentrations may derive from other instruments used
for bone marrow aspiration which are made of PVC-containing phthalate mixtures, e.g. a tube system
maintaining anesthesia, syringes and other materials [20–22].

Furthermore, this study could reveal information regarding influence of storage temperature and
period on DEHP and MEHP concentrations in the different types of preparations. An increased storage
period showed a significant increase of DEHP and MEHP [8, 19, 23, 24]. An additional influence on
DEHP and MEHP concentrations is given by storage temperature. Plasma storage at 4◦C, 37◦C and
–80◦C showed that increasing the temperature results in an expanded release of phthalates DEHP and
MEHP [25]. This also can be found in literature where Cole et al. in 1981 demonstrated in their study
that the enzymatic activity in plasma, which catalyzes the transformation from DEHP to MEHP, is
increased at higher temperatures. Thus, a protective measure was immediate freezing of fresh plasma
to avoid contamination with DEHP and MEHP [4, 8].

Another focus was to determine a possible difference between cellular and non-cellular components
which were exposed to phthalates released from storage bags. Tickner et al. described in 2001 that blood
products can dissolve lipophilic DEHP from PVC-containing material. Inoue et al. (2001) claimed that
DEHP can be dissolved out of the PVC into the blood, because chemically it is not tightly bound
to a PVC-polymer. Additionally they found that the highest release of DEHP from PVC-containing
bags was detected in whole blood samples. The highest degree of hydrolysis, the DEHP to MEHP
ratio, was found in plasma samples. They concluded, that this may be a result of different lipid
compositions in whole blood and plasma [4, 19, 24]. In their study, the highest concentration of
DEHP in apheresis products was observed after 72 hours in whole blood and in contrast the highest
MEHP concentration was found in pure plasma. DEHP binds to cellular blood components which
declares increased concentrations of DEHP in apheresis products, and that highest enzymatic activity,
which transforms DEHP to MEHP, was observed in plasma [26]. The lowest DEHP/MEHP ratio was
detected in pure plasma during the whole storage period. This study is in accordance with literature
findings.

Another experiment in this study further revealed that pure 0.9% sodium chloride stored for 72 h at
4◦C did not contribute to the release of DEHP out of PVC. Over the whole storage period DEHP and
MEHP levels were below detection limit. These findings affirm that DEHP is water-insoluble and its
release was provoked by lipid-containing solution/substances [18, 27, 28].

Finally, this study has focuses on donor safety questions and if detected, DEHP and MEHP concen-
trations for peripheral stem cell apheresis and donors who received an invasive bone marrow aspiration
were below TDI (tolerable daily intake). Furthermore, an evaluation of recipients was conducted in view
of possible increased DEHP and MEHP concentrations caused by the apheresis product or bone mar-
row preparation transplantation. Varying TDI values can be found in literature: 37–48 �g/kg bw/day
for DEHP and 37 �g/kg bw/day [3, 29, 30]. Depending on determined transit times of autologous
and allogenic stem cell donors as well as DEHP/MEHP release out of the tube system following
values were calculated: allogenic stem cell donors received estimated values for DEHP and MEHP
of each 3573.9 ± 782 �g per apheresis procedure. Autologous donors received guessed values of
2988.4 ± 1217.5 �g per apheresis procedure. Mean bodyweights were 81.4 kg for allogenic donors
and 80.3 kg for autologous groups. This leads to a calculated intake of 43.9 ± 9.6 �g/kg bw/day for
DEHP and MEHP for allogenic donors and an intake of 37.3 ± 15.2 �g/kg bw/day for autologous
donors. Data from this study show that the TDI for DEHP and MEHP was not exceeded for both
allogenic and autologous donors who underwent a peripheral stem cell apheresis procedure and as a
conclusion, donor safety can be ensured. This is in contrast to results from a study by Koch et al. (2006)
where an intake of 38 �g/kg bw/day during thrombocytapheresis was found which exceeds TDI [31].
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Another study summarizes a DEHP contamination of 6.5 �g/kg bw/day during thrombocytapheresis
which falls below TDI and is in accordance with this study [16]. In addition, Sampson et al. confirm
in their study that neither thrombocytapheresis nor plasma donation cause DEHP contamination for
donors which exceed TDI [4].

Furthermore, here we also evaluated possible safety limitations caused by increased DEHP or
MEHP concentrations for recipients of apheresis products. DEHP concentrations in a mean volume
of 162 ml apheresis product, which were stored for an average of 47 days at –175◦C, were calculated
1145 �g ± 897 �g. Based on this, a mean intake of 3318 �g/day for autologous stem cell donors is given
(78 kg mean body weight). Again, this DEHP concentration is below TDI, but it has to be mentioned
that potential additional DEHP, which originates from transfusion equipment in later procedures, was
disregarded for this calculation. Estimated values for allogenic peripheral stem cell apheresis prod-
ucts (mean volume of 179 ml) were 100 �g /ml when guessed storage conditions were at 4◦C for
24 hours (exact data not available). After a transfusion with this product a concentration of 17900 �g
was calculated and TDI is exceeded with an allogenic apheresis product. Similar results were found
by others, where concentrations of 6.8–36.5 �g/ml for erythrocytes concentrate, 11.6–18.5 �g/ml for
frozen plasma, 1.8–15 �g/ml for thrombocytes concentrate and 15–83.2 �g/ml for whole blood is men-
tioned [24]. For all transfusions, TDI was exceeded. Samson as well described TDI-exceeding DEHP
concentrations in thrombocyte concentrates stored at 22◦C for 7 days and erythrocytes concentrates
stored at 4◦C for 35 days [4]. Already in 1986, Rock et al. found DEHP release with concentrations of
0.25 mg/100 ml/day out of storage bags where whole blood was stored at 4◦C leading to a theoretical
contamination of 5 mg/100 ml or 15 mg DEHP for a whole blood storage bag and these results are
similar to this study [25]. Referring to the literature, the autologous donors from peripheral stem cell
apheresis did not exceed TDI with an apheresis product transfusion, because the volume was lower
compared to volumes used in literature.

In summary, this study demonstrates that during peripheral stem cell apheresis procedure the
phthalate DEHP dissolved out of the tube system consisting of a PVC containing phthalate mix-
ture. Dissolution resulted in increased contamination with DEHP and its primary degradation product
MEHP in donors. However, concentrations were below TDI and thereby tolerable. In view of storage
conditions it could be shown that storage period has influence on DEHP and MEHP concentrations.
Furthermore, release of DEHP was directly correlating with storage temperature.

It can be noted, that the risk of DEHP contamination can be minimized when apheresis products with
short storage periods are chosen. Additionally, the use of phthalate free storage bags is recommended
if there are no further disadvantages expected for stored substances. Considering long transit times,
DEHP-free tube systems also had positive effects on donors of peripheral stem cell apheresis.
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