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SUMMARY 

A gas chromatographic method has been developed for the simultaneous deter- 
mination of mono- and di(2ethylhexyl) phthakte (MEHP and DEHP). The com- 
pounds were extracted with methylene chloride at pH 2-5 and the monoester was 
alkylated to the hexyl derivative by solid-liquid phase-transfer catalysis in methyl 
ethyl ketone- Quantitation was effected by electron-capture gas chromatography. The 
sensitivity Iimits of the method are 4 pg/l of DEHP and 1 pg/i of MEHP_ The 
relative standard deviations are 4.2% for DEHP (31 pg_ll) and 3.7 % for MEHP 
(27 ,&l) (IZ = LO). 

l-NTJXtDU<=TION 

Di(2-ethylhexyl) phthalate (DEHP) is used as a plasticizer in poly(viny1 
chloride) (PVC), which is frequently used in medical items such as bags for blood 
transfusions and intravenous soIutions. Many investigations have been published 
during the last decade about the migration of DEHP from PVC bags into blood 
products, and levels from 16 to 120 mg/l have been reportedlb. The content of 
DEHP in intravenous solutions stored in PVC bags is about 1000 times lower than 
in blood products l -7. DEHP has been determined by gas chromato_maphy with 
ekctron-capture3~~~e-*Z or flame-ionization detection’.2*5.6.8.9.i-” and by liquid chro- 
matography=-‘*. 

Mono(2-ethylhexyl) phthalate (MEHP). a hydrolysis product of DEHP, has 
been determined in bioIogical material by gas chromatography after methylation with 
diazomethane*9*20 and trimethyhtnilinium hydroxide21. The reported levelslg*zo in 
blood products stored in PVC bags are 4-56 mgjl. DEHP and MEHP have been 
determined simultaneously in intravenous soiutions by gas chromatography-mass 
spectrometry after ethylation with diazoethane’. 

This paper describes a method for the simultaneous determination of DEHP 
and MEHP in Pow concentrations by ekctron-capture gas chromatography after 
alky&ian of MEHP to the hexyl derivative by solid-liquid phase-transfer catalysis. 



ECPERIMENTAL 

A Varian 140(? _ea chromatogmph with a directcurrent 3H ekzctroncapture 
detector was used. The glass cclumn (180 x 0.2 cm) was fiIIed with 3 % XE-60 on 
G0om Q (SO-100 mesh). The column was operated at 190 “C and the injector 
and detector at 210 “C. The fIow-rate of the nitrogen carrier gas was 30 mi/min. 

Reagents and ckemicals 
MethyIene chloride, methyl ethyl ketone and tohtene (Merck, Darmstadt, 

G.F.R. ; anaIytid grade) (all distiBcd in a Biichi Rotavapor R), tetrabutyIammonium 
(TBA) hydrogen suIphate (Lab Kemi, Stockholm, Sweden), sodium hydrogen carbonate 
(Merck; analytical grade), hexyl iodide (!Fhka, Buchs, Switzerland), di(2ethylheql) 
phthalate (DEHP) (Fiuka). mono(2ethylhexyl) phthalate (MEHP) (a gift from H&.sIe, 
MiilndaI, Sweden), di(3,5,ItrimethyIhexyl) phthalate (dinonyl phthalate, DNP) 
(FIuka), used as an internal standard, sulphuric acid (1 moI/l) (Merck; analytical 
grade), hydrochloric acid (1 mol/l) (Merck; Suprapur) and phosphate buffers (ionic 
strength 0.1) (sodium phosphates; Merek; anaIytiezI grade) were used_ 

Pre-&.zuZve~ bae_ A 40_00-ml voIume of methylene chIoride or methyl ethyl 
ketone containing TBA hydrogen sulphate (IW mol/i) was shaken for 20 min with 
6-00 g of sodium hydrogen carbonate and filtered=-9 

Distribution studies 
The distribution experiments were performed in centrifuge tubes by mechanical 

shaking at 25 ‘C using an equilibrium time of 20 min_ MEHP was dissolved in the 
organic phase. Equal phase volumes were used except at pH < 4 for n-heptane and 
pH < 7 for methylene chloride, when an or_Eanic phase of 4.00 ml and an aqueous 
phase of 30.00 ml were used. The concentration of MEHP in the organic phase was 
determined by photometric measurements at 274 nm. The concentration in the 
aqueous phase was calculated as the difference between the initial concentration in 
the organic phase and the concentration in the organic phase found at the equilibrium 
StagC 

Exhation of reaction cmditiom for the aLkylation of MEHP 
The reaction was studied with methylene chioride or methyl ethyl ketone as 

solvent in a thermostated water-bath at 20-O f 0. I “C. A 20_00-ml volume of a solution 
of pre-dissoived base was mixed with IO.00 m1 of methyIene chforide or methyl ethyl 
&one containing MEHP (2 x 10sa or 4 x 10d3 moI/l) and the internal standard_ 
R 1O.oo-mI voIume of a solution of hcxy1 iodide (4 or 0.4 moI/I) was added and 
1.00 ml of the mixture was removed at various times up to 24 h and shaken with 
0_2 mI of sulphuric acid (1 mol_Jl) to stop the reaction_ The organic phase was 
anrrlysed by GC to determine the hexyl ester. 

Procediare.far tke determtitibn qf DEEP and MEHP in ihtrawnous solutions stored 
in LIVC bags 

A 200-O-mI volume of the intravenous solution was tram&erred to a separating 
funnel and hydrochIoric acid (I moI/l) was added to pH 25 The mixture was 
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extracted with IO.@ ml of methykne chloride containing the internal standard. The 
rnetbyleue chloride extract was fibered through glass-wool, collected in a centrifuge 
tube and evaporated to d.rynw in a stream of nitrogen. The residue was dissolved iu 
1.0 ml of methyl ethyl ketone containing pre-dissolved base after which 1.0 ml of methyl 
ethyl ketone containing hexyl iodide (0.2 mol/l) was added. After 30 mm at room tem- 
perature the reaction mixture was shaken with 1.0 ml of suIphuric acid (I molF) and 
centrifu,ti. The org&c phase was transferred to mother tube and evaporated in a 
stream of nitrogen. Tohrene (1.0 ml) was added, and the solution was shaken with 
saturated silver sulphate in water. After centrifugation, 1~1 of the organic phase was 
analysed by GC. 

A calibration graph was constructed using five standard samples containing 
MO.0 ml of distikd water and increasing amounts of MEHP and DEHP. These 
standard samples were treated according to the method described above. 

RESULTS AND DISCUSSION 

The general contamination of solvents and laboratory equipment with DEHP 
and other phtbalate esters has been noted by many investigators3.10*‘l This con- 
tamination was a problem in the analysis of DEHP at low concentrations. The 
content of DEHP in the organic solvents could be reduced by distillation. All glass- 
ware was carefuUy washed with a detergent, thoroughly rinsed with glass-distilled 
water and ethanol, and the chemicak were tested prior to use so as to be able to 
choose the qualities and batches with the lowest possible content of DEHP. 

Methylene chloride was chosen for the extraction of DEHP and MEHP as it 
gave a very high distribution of the compounds. This was needed as a large volume 
of the intravenous solution had to be extracted, and the volume of the organic 
phase had to be as small as possible owing to the contamination of phthalate esters in 
the organic solvents. Fig. 1 shows the distribution ratio of MEHP as a function of 

-3 

-A 
t 

P" 

Fig. 1. Rektiooship between the distribution ratio (0) of MEEW and the pH of the aqueous phase. 
Organic phase: n. meffiylene et&ride; 8. n-kprane. 
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pK with n-heptane and methytene chloride as organic sofvent9. The study with 
n-heptane as the organic phase was performed in order to be able to evahrate the 
acid dissocia tion constant (KELa*) of MEHP. This could not be done with methylene 
chloride for experimental reasons, owing to the very high distribution to this solvent. 
‘i-he study with n-heptane as the organic phase indicates a pKHAf value of about 3.1 for 
MEHP- The curve for methylene chloride was plotted from that value which gave a 
distribution constant of CQ. lO,ooC. The distribution of DEHP was even higher as it 
contains an additional lipophihc 2ethylhexyf chain. The conditions described in the 
procedure resulted in > 99% extraction of DEHP, MEHP and the internal standard 
@hW- 

Preparatton of the hexyi ester of MEHP 
Tfie alkylation of MEHP has been efFected previously with diazomethaneLg-fo, 

diazoethane’ and trimethylanilinium bydroxidS’_ Both the methyi and ethyl deriv- 
atives of MEEP have much shorter retention times than DEHP and DNP on the gas 
chromatographic column. The hexyl ester derivative of MEHP was chosen so as to 
be able to determine the three components simultaneously. The alkyh~tion was 
effected by a solid-liquid phase-transfer catalysed process which has been investigated 
previously in this Iaboratoiy~-+3_ This process resuhed in quantitative alkyhition of 
benzoic acid, and the restion r&e could be controlled by the choice of solvent and 
the concentration of the alkyl iodidet2 l *_ Table 1 shows that 0.1 mol/L of hexyl 
iodide in methy ethyl ketone resulted in quantitative alkylation within 10 min; a 
much higher concentration of the hexyl iodide was needed in metbylene chloride. 
There were two reasons for keepin g the concentration of the dkylating agent as 
low as possible: (1) the hexyl iodide was contaminated with rather high concentrations 
of DEHP and (2) the reagent had to be removed by evaporation prior to the GC 
anaiysis as it had a high electron-capture response which caused disturbances in the 
chr0mat0gm.m. 

Previous experiments have shown that the alkylation reaction was slower in 
the presence of watep. For this reason, the inftuence of the initial extraction step 
on the alkyIation rate was investigated. Table I shows that the reaction rate was 
dower after extraction and the subsequent evaporation of a methylene chloride phase 
compared with the direct reaction in methyl ethyl ketone. Most of the co-extracted 
water was probably distilled azotropically when methylene chloride was evapora- 
t&2%26 s 

Distillation of methyl ethyl ketone resuhed in higher reaction rate although 
methyl ethyl ketone of analytical quality was used. 

The reaction yield was more than 99%. This was checked by analysing the 
underivatizd MEHP in the last two aJ.kyl.ation experiments shown in Table I 
(1O-9 mol/i of MEHP). The analyses were carried out by high-performance liquid 
chromatography=‘_ 

&.s chrormto@w~hy 
‘Eke stationary phase used was 3 % XE-60 as it produced good separations and 

peak symmetry. This c&nun has been used for several months without Amy sign of 
deterioration, phthalates can be determined with high sensitivity.and sehzctivity by 
ehztron-captnre detection_ ?be mechanism of electron capture of the phthalate esters 
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and the MDQ value of DNP (X2= IO-l4 mol/sec) have been reeported e&ie+3 Prior 
to the GC znalysis the toluene solution was washed with a silver suiphate sofuti01P~ 
to pfevmt the long tailing front in the chromatogn3.m caused by degradation products 
f&m quaternary ammonium halide fosmed as a by-product in ffie aikylatioa 
rea.tioIL _ 

F%_ 2 shows a gas chromatog& from an aualysis of 5% giucose intravenous 
solation containing 34 /xg,ii of DEHP and 39 pg/l of MEHP- 

Fii_ Z Gas cfvomztoiyam of a 5% &axe intrawzs~~~~ solution co&aining 34&l of DMP and 
39&l of MEEiF. A = Hexyt ester of MEEIP; B = DJBP; C = DNP. 

Both DEHP and DBP were stable during the ztrmIy&& pmc&xe_ This was 

cbxked by analysis of samples spiked with the two compounds. The hexyl ester of 
MEHP was stzble in the reaction mixture for several &ys_ 

Sennvtivtiy ondprecistu of the method 
The sensitivity and precision of the analysis of DEW? were dependent on the 

exzmt of con&miM tion of the reagents and &em&& by the compormd_ The reagent 
blank corresponded to a concentration of about 2 &l of DEHP, which means &at 
the lower Iimit for quantitative determinations was .&out 4 &I. However, DEEP 
could be determined down to I pgfi if the alkyIation reaction was omitted, as GCs 
step contributed to a great extent to the reagent blank, MEJXP c.ouId be determined 
down to 1 &l with acceptable precision as the reagent blank was much iower in t&s 
instance. 

The reL&ve standard deviations of the method for the simultaneorrs deter- 
mination of 31 p&l of DEKP md 27 pgfi of MEHF were 4.2 and 3.7x, zspectively 



@ = NJ)_ The relative standard deviation at a concentration of 10 pg/# of DEFAP was 
8.q @T = z@. 

If the alkyktion step &as omitted, the relative standard deviation for &e 
determination of DEHP was much lower (1.9% at 20 pgfl, 22 = HI)). 

Comentmtid.s of EEHP ad MEHP in intrmeous sai~tions stored in PVC bags 
Table II shows some results of analyses of MEHP and DEHP in intravenous 

solutions of different ages. The identities of DEHP and the hexyl ester of MEHP 
were cxdmed by GC-mass spectrometry on the Sinai toluene extracts from some 
of the samples. The concentrations were much lower than in blood productsstored 
in PVC bags. The investigated solutions were all sterilized at 120 “C, except one 
solution of 0.9% saline. This bag was shaken in a shaking apparatus for 3 h before 
analysis. The comxntration of MEHP in the solution was below the detection tit 
of the method, indicating that the amounts of MEHP in the solutions were probably 
formed by the hydrolysis of DEHP during heat sterilization. 

CONCENTRATIONS OF DEHP AND MEHP IN INTRAVENOUS SOLUTIONS STORED IN 
PVC BAGS 

sokztkm 

5%&=-f= 

S%gl- 

0_9%saLinc 

0.9 % szline 

0.9 % saIii!e 

0.9% saline’ 

Age CoK~rQr~ofl &g/l) 
(KwKr~) 

DEh=fP MEHP 

5 4” 27 
12 31 

0.5 34 39 
3 7 12 

5 7 200 
14 24 110 

OS 13 219 
3 t4 276 

6 8 46 

- 8 cl 

l Not beat sterilized. 

ACKNOWLEDGEhiENT 

We thank Professor Jiirgen Vessman for valuable discussions on the 
manuscript. 

1 R J_ Ja+r and R_ J_ Rubin, New EmgI_ J. Med_ 287 (1972) 1114. 
2 J. T. Pie&a&i and W. E_ Purdy, Clin Chim. Actu, 48 (1973) 385. 
3 J. Vcssman and G. Rica, J; Ckxnurugr., 100 (1974) 153. 
4 E -+M%a~berg, 1-m Scimenberg and N. Ayalon, Azraiysf @mz’o~~, 100 (1975) 857. 
St,E.J- and J. March, Arch_ Pkarnz. Ckem Sei.. 5 (2977) 43. 
6 S. Z!bs&aax and ‘k‘, Miton$ VOX Sang., 34 (1978) 81. 



4.2 A.ARBEN*J.BSFELfUS 

7 G. k UIsaku and R. M. Ham, Rwlyzr &xz&rz~, 103 (19778) 1080. 
8 W. Bmtirxg and E. A. Wa&ker. Aria& (Lmahz), 92 (1%7) 575. 
9 I, Fiibein and P. W. A&o, f. Cfcromw., 70 (1972) 365. 

10 C F. Pook and D. G. Wibbeky~L Cfinmurogr.. 132 (t977) 511. 
I1 R Takahita. E. ‘ITakabatakr. K. Mitlagam and Y. -iakizaU~ I: @zhm?2f~~., 133 (1977) M3. 
12 D. B. Roll, J. D. Dimgks and R. V. Fctmcn, J. Phmm. Sd., 63 (1974) 1628. 
13 M. S. Jaahcm. S. V. Kevy and R. J. Grand, L Lab. Cfin. Me& 89 (1977) 1066. 
14 K.. S. Andesen and J. Lam, f. Chomarogr., 169 (1979) 101. 
U C Pssiani and P. (lrkms J- Chcmamgr.. 109 (1975) 413. 
16 S. Marig J. Ci’immugr., X29 <1976) 53. 
17 A. cxsuki, 1. Cfuomw.., 133 (lrn) 402. 
18 S. E. Armah?& i. Cikmmmgr. Sd, 16 (1978) 17G. 
19 3. V’ and G. w Yox -&ng_ 35 (1978) 75. 
20 G. Reck, V. E. Secuurs. C. A. Frank&, I H. Chu and D. C. VN Tkau-fkriinr_ 18 (1978) 

553. 
2l J. E. Carter, D. B. Roll and R. V. Petmen_ Drug Met& Dispos... 2 (1974) 341. 
22A.Arbin,H,Bti&urdJ.V~ J. Chromorogr... 170 (1979) 2.5. 
23A.Arbin,H.Bri&andJ.Vcssman, to be pub- 
24 G. S&ill., Scpmarin Metkdk for Drugs and Related Orgmzii Conzpmdv, Ihe Swadirh Aiz&tmy 

of m scikncq StockElolm, Sweden, 1978. 
25 J. A. Riddick and W. B. Bmger, Terces of CimrLstrys Vcl. II, Organik Sdovurts, w&y, 

New York. 1970. 
26 R. Zumw& K. Kuo and C. Gehrk, J. Ch.romatogr., 57 (1971) 193. 
27 H. Ehmoo, Anal. CAurr. 46 (1974) 922. 
28 P. i5artv&aad C. Fa.gzimd,L CTzromztagr... 140 (1Q77) 170. 
29 1. vm, M. Johausson. P. Magmxsson and S. Stsi&bcrg, AmaL Ckem., 49 (1977) l=S. 
30 P. Ha.rtv& 0. Gylknhad acd M. Hammarlund, 1. Chromqr., 151 (1978) 232 


