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ABSTRACT

The combination of a new thermodesorption module with a cooled injection system (TDS-2,CIS-3,
Gerstel, MUlheim, Germany) now provides a powerful thermodesorption system for direct analysis of
volatiletrace compoundsin gaseous, liquid and solid samples. Asacooled injection system isused for
the cryofocusing of the desorbed volatilesthe GC-M S system still can be used for the regular analysis
of liquid samples. Plasticizers can usualy be analyzed by liquid extraction with a cohol/water, but
specia care hasto be applied not to use contaminated solvents. Direct analysis of plastics by thermal
desorption saves time and avoids cross contaminations. Many containersfor intravenous solutions are
made with plasticized polyvinyl chloride, the common form of which is di-2-ethyl hexyl phthalate
(DEHP). Extraction of DEHP into blood and plasma stored in such plastic containers can occur, and
harmful effectsof DEHPin the human body consequently have been suggested. Wetherefore analyzed
30 plastic tubings which are used for various invasive techniques in medicine.

| NTRODUCTION

DEHP has been a priority pollutant for several years because of its large quantities emitted and its
widespread use and occurence in the environment [1-15]. Polyvinylchloride (PV C) has replaced the
older rigid plastics in most of the medical applications. PVC is made flexible by interfusing various
plasticizers containing phthalic acid esters such as DEHP, which may constitute up to 40% of the
finished plasticinmedical products. In additionto the plasticizersantioxidants, catal ysts, inhibitorsand
heat stabilizers are frequently added to the plastic. The softer and more pliable the plastic, the higher
content of plasticizer foundwill morereadily leachintotheliquidspassingthroughit. Thisisparticularly
true for lipid containing fluids like blood.

There have been reports of extraction of DEHP from plastic intravenous infusion sets [6, 14] into
certain infusates and finally into the human body. Patients undergoing hemodialysis are exposed to
DEHP via contact of blood with tubings containing DEHP [11-14]. There is great concern about the
toxicity of DEHP and its metabolites [8, 10, 12] especially for risk groups such as patients on
hemodialysisor criticall ill patients, where DEHP was detected in plasma. Some of the proposed and
shown effects are carcinogenity, peroxisome proliferation, mutagenic activity, infertility (toxic effect
on Sertoli cells) and changesin lipid metabolism [8, 15]. But aimost all of the tests have been donein
animal studies with metabolism different from humans.

Different metabolites have been blamed for the toxicity: phthalic, mono- and di-reesterified
phthal ate, 4- and 2-heptanone and 2-ethylhexanol [1-3, 7, 8, 10]. After hydrolysis 2-ethyl hexanol may



befurther oxidized to 2-ethyl hexanoic acid, whichitself can undergo 3-oxidationtoyield twoisomeric
B-oxo-acids. Spontaneously and upon heating these acids would giverise to the two isomeric ketones
2-heptanone and 4-heptanone.

Elevated levels of 4-heptanone and 2-heptanone in urine and serum from patients on hemodialysis
and diabetic patientswerereported earlier [16-19]. Sincewe a so found high concentrationsin dialysis
patients and from patients in our intensive care unit, we investigated the medical tubings used in our
clinic.

The standard analysis procedure for plasticizers would be solvent extraction and subsequent GC or
GC-MS identification. The major problem is the use of solvents which themselves are very often
contaminated with plasticizers. The method of direct thermal desorption on the other hand is easy to
perform and free of contamination as no solvents are introduced.

EXPERIMENTAL
Sample preparation. Small portions (10 mg) of the plastic under investigation were placed in aclean
empty glass thermal desorption tube.

Instrumentation. The system consists of athermodesorption system (TDS 2, Gerstel GmbH, Mlheim
ander Ruhr, Germany, Figur e 1), atemperature programmable cool ed injection system (CI S 3, Gerstel
GmbH, Mulheimander Ruhr, Germany, Figur e 1), agaschromatograph HP 6890, and amasssel ective
detector HP 5972 (both Hewlett-Packard, Waldbronn, Germany).

TDS2

Heated transfer
capillary

Sample tube

Figure 1. Thermodesor ption system TDS 2 attached to CIS 3.

Operation. A blank glass tube is filled with the sample and then inserted into the TDS desorption
chamber whichiscooled down to ambient temperaturesin order to prevent premature desorption. After
purging the air out of the system, the tube is then heated to the 120°C , while the carrier gas flowing
through thetubetransfersthevolatilesin splitless-mode (Figur e 2) into the pre-cooled CI S, wherethey
are cryofocused and concentrated.



After the desorption has finished the CISis heated to 280°C to allow split- or splitless transfer of the
trapped compounds to the analytical column and further mass spectrometric detection.

Figure 2. Schematic of the applied system which consists of a thermodesorption system (1), a
temperature controlled transfer capillary (2), a cooled injection system (3), standard backpressure
pneumatics with mass-flow controller (4), backpressure regulator (5), pressure gauge (6) and split/
splitlessvalve(7), including an additional 3/2-way solenoid (8) to switch thesplitflow between TDSand
CIS The analytical column (9) isdirectly connected to a mass selective detector.

Analysis conditions.

Column: 60 mDB 5 (J&W) d=025mm d =0.25um
Pneumatics: Carriergas He, constant flow mode (1 ml/min)
split 1:100
Temperatures. TDS 20°C; with 60°C/min to 300°C (5 min)
CIS -150°C; with 12°C/sto 300°C (3 min)

Oven 50°C (1 min); with 10°C/min to 300°C (10 min)
MSD 300°C
MSD: Scan, 35-350 amu



REesuLTs AND DiscussioN

Depending on the nature of the plastic different plasticizer and solvents were found. In some of the
plastic upto 30 different componentswerefound (Tablel). By far themost common plasticizer found
was DEHP, followed by diethyl- and dibutyl phthal ate.

Volatiles RT (min) Volatiles RT (min)
Cyclohexane 6.1 Hexadecane 19.0
Toluene 7.1 Diethyl phthalate (DEP) 19.1
2,4-Dimethyl heptane 8.0 Heptadecane 20.1
2,4-Dimethyl-1-heptene 8.3 4,4'-Dichloro-1-1'-biphenyl 20.6
Xylene 8.7 Octadecene 21.2
Styrene 9.1 Octadecane 21.3
Cyclohexanone 9.3 Di isobutyl phthalate (DIBP) 222
Decane 10.8 Hexadecanoic acid 22.8
2-Ethyl hexanoic acid (2EHA) 125 Dibutyl phthalate (DBP) 23.0
Benzoic acid 134 Eicosane 233
Dodecane 139 Butyl-2-ethyl hexyl phthalate 25.7
Caprolactame 14.7 (BEP)

Tetradecane 16.6 Hexanedioic acid bis(2-ethyl 26.9
Dimethyl phthalate 174 hexyl) ester

Pentadecane 17.8 Di (2-ethyl hexyl) phthalate 28.2
2,4-bis(1,1-Dimethyl ethyl)-phenol 18.0 (DEHP)

butylated Hydroxy toluene (BHT) 18.2

Tablel. Peak identification.

Inafew dialysistubingswefound cyclohexanone, avolatile we have found to be elevated in the urine
of dialysispatientsand other patientsin our clinic. Figur e 3 showsachromatogram of adialysistubing,
figure 4 an infusion set, figure 5 a syringe used for subcutaneous injections of insulin and figure 6 a
syringe used for subcutaneous injections of heparin.
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Figure 3. Chromatogram of a dialysis tubing.
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Figure 4. Chromatogram of an infusion set.
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Figure 5. Chromatogram of a syringe used for subcutaneous insulin injections.
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Figure 6. Chromatogram of a syringe used for subcutaneous heparin injections.

From the 34 different plastic articlesanalyzed (Tablel ) phthalates were found mainly in soft pliable
PV C plastics used for invasive applications. Pipette tips and rigid plastic containers used for urine
collection or storage of other liquids, often made of polypropylene, did not contain DEHP. Instead a
variety of alkanes, akenesand BHT werefound in large amounts and to alesser extent DEP and DBP.

Plastic article DEP | DIBP | DBP | BEP | DEHP
Eppendorf pipette tips X (X)

Eppendorf cup X) (X)

Urine container, 100 ml X) (X)

Urine container, 500 ml X) (X)

Urine container, 2500 ml X) (X)

Urine bag, 1500 ml X) (X) X
Syringe, 60 ml X) (X) (X)
Insulin syringe X) (X)

Heparin syringe X) (X) X
Microfilter, 40 pul X X (X) X
Serum monovette X) (X)

Butterfly X X X
L uerlock obturator X) (X) X
Infusion tubings X) X X X XX
Infusion bag X) X (X) XX
Blood storage bag XX
Blood infusion tubings X) (X) X XX
Intestinal tubings X X X
Dialysistubings X) (X) XX

Tablell. Phthalate contentsin medical plastic articles.



CONCLUSIONS

The metabolic pathway of DEHP in vivo is hydrolyzation to 2-ethylhexanol and oxidation to the
corresponding B-keto-acid excreted in urine. Spontaneously and upon heating this acid yields
4-heptanone and 2-heptanone. All major intermediates have been found and identified in serum, urine
and breath. First resultsfrom human studies under current investigations show the plasticizer DEHPto
be the origin of elevated 4-heptanone as well as 2-heptanone concentrations in urine and plasma of
patients on hemodialysis or in the intensive care units.

DEHPwasfound mainly in soft pliable PV C plasticsused for invasi veapplicationsand bl ood storage
bags, but not inrigid plastic containers. Extraction of DEHP from plastic intravenousinfusion setsinto
the human body occurs and should therefore be monitored, especially inrisk groups such as patientson
hemodialysisor critically ill patients. M etabolism studiesof DEHP aswell asinvestigationsconcerning
thetoxicity requiretheanalysisof DEHP and other additivesintheoriginal plastic article. Thestandard
analysis procedure for plasticizers would be solvent extraction and subsequent GC or GC-MS
identification. The major problem hereby is the use of solvents which themselves are very often
contaminated with plasticizers.

Thedirect thermal desorption method for plasticizers described hereisaconvenient way to identify
plasticizersand other components of medical plastic tubingswithout contaminationsasno solventsare
introduced.
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“For research use only. Not for use in diagnostic procedures.”

The information provided for this product is intended for reference and research purposes only. GERSTEL offers no
guarantee as to the quality and suitability of this data for your specific application.

Information, descriptions and specifications in this publication are subject to change without notice.
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