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Investigation of Diethyl Hexyl Phthalate
Migration from Poly(Vinyl Chloride) Serum Bags

Dalila Ikermoud, Naima Belhaneche-Bensemra, and Hicham Benaissa

Abstract—Plasticizers are used to make Poly (Vinyl Chloride) (PVC) flexible so it can be used in different areas such as
intravenous solution containers. Plasticizers can migrate from PVC over time because of contact with these solutions;
this phenomenon creates gaps in the polymer structure and causes the migration of other additives. This paper discusses
the specific migration of di-2-ethyl hexyl phthalate (DEHP) from plasticized poly (vinyl chloride) (PVC) into 5% glucose
solution, although studying the possibility of migration of other components. For this purpose, the bags were stored in
real conditions by respecting temperatures (20 = 2°C) and time of conservation (18 months). Samples were taken off
every 3 months to be analyzed. The Fourier transform infrared spectroscopy was used to investigate the migration
phenomena, the atomic absorption spectrometry was used to follow the migration's evolution of metals from plastic bags
and the gas chromatography coupled with mass spectrometry was used for the determination of DEHP migration. The
results obtained by the three techniques showed the migration of the serum bags additives such as DEHP in the glucose

solution. This migration depends on time of contact.

Keywords—DEHP, migration, plasticizer, PVC, serum bag.

I. INTRODUCTION

Polyvinylchloride is an inexpensive commodity plastic material
that is used in a wide variety of domestic and industrial
applications. Knowing that practically all plastics are composed
of polymerized organic substance, PVC is made up of
polymerized vinyl chloride, together with one or more additives
that modify the characteristics of the polymer in order to
optimize its suitability for a given application or process. PVC
is used in some situations with minimal additives; in this case,
it is used as rigid and hard material. However, the best
performance can be achieved when the material is made more
flexible and softer. For this purpose, an additive described as a
plasticizer is used, and the resulting plasticized PVC finds
extensive applications because of its excellent and varied
properties.

The flexible PVC is used as pharmaceutical packaging
materials witch offer several advantages: extended storage
time, efficient transportation for product freshness and low
price, but the interaction between the package and the product
can affect the quality of the content. This interaction can be
caused by the migration of the plasticizer into liquid, which is
attributed to two mechanisms. The extraction of the plasticizer
can occur in the first case when the molecular size of the
extractant is too large to enter the PVC polymer structure;
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therefore, the migration can occur only by the plasticizer
molecules diffusing to the surface of the PVC and then
dissolving into the liquid. The second case, when the molecular
size of the extractant liquid is sufficiently small to enter into the
PVC polymer structure; the major mechanism for this
extraction is that the extractant diffuses into the plasticized
PVC, dissolves the plasticizers then diffuses together with the
dissolved plasticizers out to the surface of the PVC [1].

Di (2-ethylhexyl) phthalate, also known as di-octyl phthalate
(DOP), universally referred to as DEHP is a colorless with
almost no odors, oily liquid used to increase flexibility of PVC.
DEHP was first produced in commercial quantities in Japan
around 1933 and in the United States of America in 1939; it is
found in a wide array of products including medical devices.
Virtually all glucose bags made from PVC use this plasticizer,
which is the long chain phthalate ester examined most
extensively. There are a large number of reviews of the
toxicological profile of DEHP; since February 2015 di(2-
ethylhexyl) phthalate may only be sold and used in the
European Union after authorization for a particular use [2-4].

People as well as animals can be exposed to the phthalate
compounds through ingestion, inhalation or dermal exposure
and it has a harmful effect on their health. The effects of di-(2-
ethylhexyl) phthalate and its metabolites on fatty acid
homeostasis regulating proteins in cells were proved in many
investigations. To study the effect of DEHP on testicular
mitochondrial viability: male albino rats were received di-ethyl
hexyl phthalate (DEHP) (500 mg/kg/day orally). The
administration of DEHP increases the lipid peroxidation and
decreases considerably the testicular mitochondrial viability.
DEHP induces a severe testicular oxidative damage and DNA
(Deoxyribonucleic  acid) fragmentation. Other studies
examined the metabolite profile in plasma and liver of rats
exposed to DEHP and showed induction of cyanide-insensitive
palmitoyl-coenzyme an oxidation per gram of liver was greater
in males than in females. Liver weight was significantly
increased in the DEHP-treated groups compared to that of
controls. Immunohistochemical analysis demonstrated that
DEHP caused strong staining of proliferating cell nuclear
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antigen after exposure, suggestive of hepatocyte proliferation
[5-8].

In rats, after 10 days systemic administration of DEHP, a study
conducted to investigate the hepatic toxicity of sub-acute
DEHP exposure at different selenium (Se) status demonstrated
that DEHP exposure increased oxidative stress by disturbing
the antioxidant balance in the hepatocytes [9]. The male
reproductive toxicity of DEHP is well established and has been
studied in many species including mice, rats, hamsters, ferrets,
and non-human primates. This toxicity is depending on the age
of animals, the doses, dosing duration and endpoints included.
It has been shown that oral treatment with DEHP causes
decreased weights of male, reduced fertility, reproductive
organs, and histopathological changes in the testis of juvenile
and adult rats. Testes of the Big Blue® transgenic mice were
treated every day for a month with DEHP indicated an
approximately 3-fold increase in genomic DNA mutation
frequency compared with controls. These results unveiled the
hazardous effects of direct low-level exposure of DEHP on
ability of spermatozoa fertilization as well as embryonic
development, and proved that in vivo DEHP exposure posed
mutagenic hazards in the reproductive organ, which are of great
concern to human male reproductive health [10, 11].

For the general adult human population, exposures to DEHP are
estimated to be 3-30 pg/kg/day. This plasticizer is suspected to
induce anti-androgenic effects in men via its metabolite mono
(2-ethylhexyl) phthalate (MEHP). However, there isn't enough
information on the kinetic behavior of DEHP and its
metabolites in humans. A comparative human intravenous and
oral administration of DEHP in recent study likewise yielded a
high proportion of glucuronized metabolites of between 77%
and 84%, after oral administration; this value was 80% in
intravenous administration [4, 12, 13].

The noticed toxicity of DEHP and existence of alternatives to
many DEHP-containing PVC medical devices presents a
compelling argument for moving assertively, but carefully, to
the substitution of other materials for PVC in medical devices.
The substitution of other materials for PVC or phthalate
plasticizer would have an added people and community health
benefit of reducing population exposures to DEHP [14-17].

The aim of the present work is to investigate the specific
migration of DEHP from plasticized PVC into 5% glucose
solution and to estimate this rate of loss, although studying the
possibility of other component’s migration by using various
analytical methods such as Fourier transform infrared
spectroscopy, atomic absorption spectrometry and gas
chromatography coupled with mass spectrometry.

II. EXPERIMENTAL

A. Materials

The glucose solution bags used in this study are transparent.
These bags are used in hospitals. They were produced by an
Italian company which is specialized in the production of
flexible containers in PVC. Nitric acid used in the
mineralization (purity of 65%) is purchased from the Spanish
company Panreac Quimica Slu and used as received. The di-
octyl phthalate (DOP) used in the identification and
quantification of the plasticizer in the composition of glucose
solution bags formulation is a low volatile substance produced
by Société Générale of Tunisia Plasticizers. Tetrahydrofuran
and chloroform of high purity HPLC grade were purchased
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from Panreac Quimica Slu. Sigma Aldrich from Germany
produces the methanol used in GC/MS (purity of 99.99%).

B. Migration Testing and Sample Preparation

Migration tests were conducted using glucose solution bags,
stored in real conditions by respecting the temperatures and the
time of conservation. The bags were stored for 18 months (the
shelflife of the glucose solution) at temperature between 18 and
22°C in the central pharmacy of the hospital which is the usual
area for their conservation before their use by different services.
To carry out the various analyzes, samples were collected from
the bags taken off every three months; they were washed with
deionised water and dried at 40°C. A new bag without contact
with glucose solution was taken as a control bag.

C. Fourier
Analysis

Transform Infrared (FTIR) Spectroscopy

The technique applied is Universal Attenuated Total Reflexion
(U.A.T.R). Infrared solution software was used for spectra
processing data. All spectra were obtained using an ATR-FTIR
Spectrum One model infrared spectrometer of PerkinElmer®.
The spectra were collected at a resolution of 2 cm™! in the range
0f 4000-650 cm™'. Each spectrum was rationed against a fresh
background spectrum recorded from the bare ATR crystal.
Before collection of each background spectrum, the ATR
crystal was cleaned with absolute ethanol to remove any
residual. Each sample was scanned in triplicate.

D. Atomic Absorption Spectrometry Analysis

Before analysis, a mineralization of the samples was performed
according to Vandeburg and Clifford [18]. The analysis was
carried out with an AAnalyst 800-PerkinElmer® with Zeeman
effect for graphite furnace system and on AAnalyst 300-
PerkinElemer® with deuterium lamp for flame system.

E. Gas Chromatography - Mass Spectrometry (GC/MS)
Analysis

For the gas chromatography analysis, the separation of
plasticizers from PVC was done by the dissolution/precipitation
process [19, 20]. The dried extract was dissolved in chloroform
and analyzed on a Perkin Elmer® GC/MS system, with a
medium polarity capillary column (PE-5MS column (30 m x
0.25 mm), with film thickness of 0.25 um). Carrier gas was
helium with a flow of 1.2 ml/min and 31 kPa of pressure. One
microliter of the sample was injected using splitless injection
with injector temperature 300°C according to the following
conditions: 90°C for 3 min with 6°C/min up to 280°C, the final
temperature was held for 13 min. The total run time for each
sample was 48 min.

For mass spectrometry detection, electron ionization with
70 eV was applied and mass fragments were detected between
50 and 450 m/z. Both the ion source temperature and transfer
line temperature were at 280°C. Note that the detector was
activated after 5 min on mode electronic impact.

The dosage of DEHP in the control bag and in the bags that
have undergone the migration test was performed by
establishing a calibration curve produced by mixing DOP
standard in chloroform at concentrations that covered the
concentration range found in the polymer extracts; the resulting
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line was linear with correlation coefficient of 0.998. Three
analytical replicates were analysed for each concentration.

III. RESULTS AND DISCUSSION

A. FTIR Investigation of the PVC Films Before and After
Migration Testing

The comparison of the three spectra in Fig. 1 allowed the
identification of some characteristic bands which are present in
serum bag spectra but don’t exist in PVC spectrum; these bands
refer to the additives present in the formulation of serum
container.

Serum bag after migration testing

Serum bag before migration testing

/
1722 1462
C=0 C-H,

Absorbance (arbitrary units)

Virgin PVC

4000 3500 3000 2500 2000

Wavenumber (cm”)

1500 1000 650

Fig. 1: Infrared spectra of PVC and serum bag before and after migration
testing.

The spectra in Fig. 1 show C=O (ester) group stretching
vibration at 1722 cm’! and —CH stretching vibrations at 2859
and 1381 cm™! [21-24]. The —-C-O group absorbs at 1123 and
1073 cm™! while the ~CH» group absorbs at 1462 cm!, which
permits to expect a possible presence of additives such as
dioctyl phthalate (DOP) as plasticizer (Fig. 2), zinc stearate as
heat stabilizer and a phenol derivative as an antioxidant [25,
26].

CHg,

CH;

Fig. 2: Molecular structure of di(2-ethylhexyl) phthalate (DEHP).

The study of FTIR spectra of the control bag and bags contacted
the glucose solution for various times in months were
performed in order to follow the evolution of characteristic
additives bands in the formulation of the polymer constituting
these bags. The comparison of PVC films spectra (Fig. 3) shows
a decrease in all additives bands, especially of the carbonyl
band at 1722 cml. The ester band at 1722 cm would be
associated with the presence of plasticizer from the phthalates
family as shown in Fig. 2 -whose presence was confirmed by
GC/MS analysis- and thermal stabilizer of the family of
epoxidized oils or metallic stearates. Generally, dioctyl
phthalate, epoxidized soybean oil and zinc stearate are the most
used additives [25, 26].
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Fig. 3: FTIR spectra of serum bags at different contact time (months).

To study the changes undergone by each band, a semi-
quantitative estimation was carried out by calculating the
following absorbance ratios (Fig. 4): A2859/A1428,
A1722/A1428, A1462/A1428, A1381/A1428, A1123/A1428
and A1073/A1428. The band at 1428 cm™ corresponding to the
CH; bond in PVC is used as a reference band [27].
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Fig. 4: Absorbance ratio's variation as a function of contact time
of serum bags.

According to Fig. 4 gathering the variation of these ratios
depending on the contact time, a decrease of all the ratios is
observed on all the curves. This indicates that the migration of
a certain amount of additives (dioctyl phthalate, zinc stearate,
epoxidized soybean oil) present in the poly(vinyl chloride)
bag's towards the glucose solution occurred; this phenomenon
was already observed in other studies [28-30].
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The decrease shown in all the curves without the appearance of
any increase of the studied bands absorbance ratios (Fig. 4).
More precisely at the wave numbers 1123 em™ and 1073 cm™,
relative to the vibration of the —CO band, also found in the
infrared spectrum of glucose according to the literature, it can
indicate that there is no penetration of glucose molecules
because of their large size. This result is also confirmed by the
non-appearance of the -OH band which can be between 3600-
3643 cm’! in the infrared spectrum of the bag which contained
glucose under the migration tests (Fig.1 and Fig. 2) [31].

B. AAS Investigation of the PVC Films Before and After
Migration Testing

The atomic absorption spectrometry was applied to the
determination of the metal content in the control bag and in
those that have been in contact with the glucose solution for
different contact times.
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Fig. 5: Variation of the residual content of metals in bags conditioning the
glucose solution.

The results obtained show the presence of copper (Cu),
chromium (Cr), manganese (Mn), tin (Sn) and zinc (Zn). The
presence of the latter is probably due to the zinc stearates, its
characteristic bands have also been detected by infrared
spectroscopy. The presence of the other elements would be
related to the other additives present in the formulation and to
the possible impurities they contain.

According to Fig. 5, a decrease in all residual metal's
concentration in bags containing the glucose solution through
storage time can be observed. This decrease is related to the
migration of DEHP, so that creates gaps in the structure of the
bags’ polymer which involve the migration of other additives
like Zn stearate. The results of atomic absorption spectrometry
are in accordance with the results obtained by FTIR
spectroscopy.

C. GC/MS Investigation of the PVC Films Before and After
Migration Testing

Identification of serum bag’s plasticizer

To identify the serum bag’s plasticizer, the control bag was
analysed by GC/MS method. The identification of the peak was
deduced by searching in the MS libraries (NIST) and further
confirmed by running the known chemicals for DOP. The
identification and quantification of DOP in glucose solution
bags were performed using m/z 149 [27].
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Fig. 6: Chromatogram of: -a- the extract from the serum bag.
-b- the DOP standard.

From the chromatogram of the extract of the reference serum
bag and of the DOP standard (Fig. 6) analysed by GC/MS in
the same operating conditions, the presence of one major peak
can be noted. It has a retention time of 30.54 minutes with m/z
149 which is practically the same retention time of DOP (30.02
min) and which confirms that the plasticizer used in the
manufacture of these bags is dioctyl phthalate. It is to be noted
that all phthalate plasticizers have a basic characteristic peak at
m/z = 149.

These results were confirmed in Fig. 7 which shows the mass
spectra of the control bag extract, the DOP standard and of the
DEHP spectrum according to the literature. Through these
spectra, it can be confirmed that the plasticizer used in the
serum bags formulation is the di-2 ethyl hexyl phtalate (DEHP)
which is also a ramified dioctyl phthalate.
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Fig. 7: Mass spectrum of: -a- the extract from control serum bag.
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Using the SM peaks of Fig. 7, we can propose the different steps
of di (2-ethylhexyl) phthalate defragmentation, which are
presented in Fig. 8 [32].
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Fig. 8: Defragmentation scheme of DEHP.

Quantification of DEHP in serum bags

Table. I represents the results of the quantitative gas
chromatography analyzes of the control bag and the bags which
have undergone the migration tests at the 3, 9" and 18" month
of contact.

Table. I
GAS CHROMATOGRAPHY ANALYSIS RESULTS.
) Control ~ Bag stored Bag stored Bag stored
bag for 3 months  for 9 months for 18 months

Peak area (uv/s) 3256553 3254456 3251739 3250261
Residual [DEHP]  2.391 2.389 2.387 2.386
(ppm)

[DEHP] migrated / 0.002 0.004 0.005
(ppm)

% of leaching / 0.084 0.167 0.209

According to Table. I, it appears that the decrease in specific
surface DEHP peaks corresponds to the reduction of residual
concentrations of this plasticizer in any bag having undergone
migration testing, which means the leaching of DEHP in the
solution due to the presence of glucose molecule and time
contact. The ratio of leaching was about 0.209% after 18
months of contact.

Several works having studied the influence of time on diffusion
of di(2-ethylhexyl) phthalate from PVC into infused drug
solutions and human biological fluids were reported [33-37].
Some studies showed a greater concentration of the plasticizer
at the surface, resulting in the formation of a more plasticized
layer near the interface. In this case the plasticizer can be
transferred from the plasticized polyvinyl chloride into the
liquid phase by a three steps: (1) plasticizer transport into solid
PVCitself, (2) transport phenomena at the interface of PVC and
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solution, (3) plasticizer transport onto the liquid [38,39]. Fig. 9
shows the evolution of the residual concentration of DEHP in
control bag and in those conditioning glucose solutions at
various contact times. A low decrease can be observed.

18 months
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~
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~
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residual [DEHP] (ppm)

Control bag 3 months 9 months

Fig. 9: Comparison of the residual rates of the DEHP in control bag and in
those conditioning the glucose solution at different time contact.

IV.CONCLUSION

Based on the results of this study, the issues to be noted are the
following:

The application of the FTIR spectroscopy allowed to confirm
that PVC is the constitutive polymer of the glucose bags. This
technique allows expecting the presence of plasticizer from the
phthalates family, thermal stabilizer of the family of epoxidized
oils or metallic stearates. The follow-up of the variation of the
characteristic bands of the additives according to the time of
contact between the bags and the glucose solution showed that
a phenomenon of migration of these additives took place.

The AAS results showed that the PVC bags formulation
contains copper, manganese, tin, chromium and zinc. The
presence of the latest element is related to the zinc stearate
stabiliser. The follow-up of the variation of the residual
contents of metals in bags conditioning the glucose solution
showed the loss of additives during storage time.

The GC/MS analysis of the control bag and of the bags which
were submitted to the tests of migration allowed to confirm that
the di(2-ethylhexyl) phthalate (DEHP) is the plasticizer used in
the formulation of the serum bag and showed that its migration
occurred in glucose solution. The phenomenon is influenced by
the time of contact.
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