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DETERMINA-l-ION OF DUETHYLHEXYL) PHTHALATE IN HUMAN PLAZ- 
MA AND PLASMA PROTEINS BY ELECTRON CAPTURE GAS CHROMA- 
TOGRAPHY 

SUMMARY 

A rapid method for the determination of di(ethylhesy1) phthalate (DEHP) in 
plasma and plasma proteins by e!ectron capture gas chromatography is presented_ 
Plasma samples are evaporated to dryness after nddirion of methanol. The residue is 
soaked \vith methanol, followed by toluene and tinally water is added, and the DEHP 
content of the toiuene layer is determined quantitatively with ‘-dinonyl” phthr~lats 
as internal standard_ The relative recoveries at the 20 ;cg_imi level are 100 5 Z-6‘;:. 
The DEHP content of plasma stored in plastic bags rtlnsed from 16 to 120~cg,/ml 
(corresponding to 0.X-0.7 m,/ CT e of protein)_ Plasma in poly(vinyl chloride) bags 
may be stored at -20” \vithout increase in the DEHP content: if stored at 4’, how- 
ever. storage time should be as short as possible. Completely filled bags are preferred 
as the degree of sstrnction (per ml) is then louver_ In comparison with that of blood 
plasma, the DEHP content of fractionated plasma proteins was rather small, ie__ 
tibrinozen 3-1s :l_r,/s, albumin 5-25 ,@g and immllno~lobulin G s-160 ICOI~~_ The I c. -_ 
risks of loading patients with DEHP are there&e less with fractionated proteins than 
with transfused blood_ 

lNTRODL!CTlON 

The presence of plasticizers. especially di(ethylhesyl) phthalate (DEHP), ~1s 
contaminants in solvents1-3, chemical equipment”, tilter papers, body tissu& and so 
on has been repeatedly reported: they can also be regarded as environmental con&i- 
inzmts’-s_ Interference or disturbance caused by some phthalates in the use of the 
highly sensitive electron capture detector has also been noticedJ-“_ 

In 1970, two reports’“-” appeared showing that the e.stent of contamination, 
by phthnlates, of blood stored in plastic bags increased with time, and a recent study” 
conlirmed that plasma from blood stored in poly(viny1 chloride) bags had high levels 
of DEHP. Transfusion of blood will transfer substantial amounts of DEHP to the 
patient. Jaeger and Rubin” noticed that most of the DEHP in blood stored in plastic 
bags \vrls present in the protein fraction: it was therefore of interest to investigate 
the distribution ofthis phthalate contamination among the proteins after fractionation. 
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A review of the findings of Jaeger and Rubin on plasticizers and their extraction into 
bIood has been published recent1y13_ 

A method has been developed for the rapid determination of DEHP in plasma 
proteins after fractionation as described by Bjiirlin, _ -I4 This method, which comprises 
estraction and determination with electron capture detection_ is presented, together 
with some results: a preliminary communication of this work has been given”. 

EXPERIMENTAL 

A Varian I400 gas chromatograph with an electron capture detector (ECD) 
(3H source) was used. with a 1.5 m x O-IS cm glass column filled with 2% of Cur- 
bowas-terephthtlic acid on Gas-Chrom P (100-120 mesh, acid-washed and silanized). 
The coiumn was conditioned overnight at 250= and then used at about 21%235’.. 
The detector temperature was 240” , giving a ternperatlure of about 220” at the foil”, 
and the injector was kept at 250”. The nitrogen tlow-rate was 30 ml/min. 

The injection membranes were purchased from Varian Aerograph and had :I 
PTFE connection towards the column_ 

A11 gIassware in continuous use was shaken with a chromic acid reagent for 
10 min, washed with water and then rinsed with ethanoi. 

ciIcv5lil-uI_s mrri 5-eulyf Its 

Toluene and methanol. each distilled in all-glass apparatus. were obwined 
Tom Burdick 6r Jackson Labs. (Muscegon, Mich., U.S.A.). DEHP w;1s purchased 
from K & K Labs. (Plainview, N-Y., U.S.A.), and di-(3,5,5-trimethylhesyl) phthxlate 
(“dinonyI‘- phthaiate) was obtained from Fluka (Buchs, Switzerland). Chromic acid 
reagent, a solution of chromium trioside in acetic acid. was prepared according to 
Vessman cr al_“_ 

Srtmh-d soinrions. The solution of DEHP used contained 2OOycg of solute 
per ml: the stock solution ofinternal standard contained SO0 ycg of “dinonyi” phtha- 
late per ml. Both these solutions \\-ere prepared in methanol. 

Proreim in upfrom so/don_ For such sttmples, proceed as follo\vs_ By pipette_ 
transfer about 2 ml of sample to a 30-ml centrifuge tube. Add a suitable amount of 
the internal standard solution, so concentrated that only a few ftl (usually 50-100 ~‘1) 
can be used_ Then add 6 ml of methanol and evaporate almost to dryness on a boilins 
water-bath_ To the residue add 3 ml of methanol, and bring the sample on the walls 
of the tube to the bottom by means of a Pasteur pipette_ Centrifuge (Sorvall GLC-1. 
ZOciO rpm), and filter through a plu, D of silanized glass-wool into small estraction 
tubes with a tapered base of volume 200 ~1. 1 Add sufficient toiuene to give tt con- 
centrcltion of the internal standard in the final solution of about S &ml. mis well, 
add 2 ml of water. and shake three times_ Centrifuge, remove the aqueous phase with 
a Pasteur pipette, and inject about 2sll of the organic phase into the gas chromato- 
graph. Load the syringe with 1 ~11 of toluene before and after the sample volume. 

Solidsamp/es_ Weigh about O-5 g of sample in a 30-ml centrifuge tube, and add 
a suitable amount ofthe internal standard in a few!11 of methanol. Add 5 ml ofmeth- 
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anal, evaporate on a boiling water-bath till about 3 ml remain, and continue as 
described under Proteim irz nqrreolrs solution. 

Solutions for the calibration curve are prepared in lo-ml volumetric flasks in 
which, in order, are placed O-1, 0.2, O-3, 0.4 and 0.5 ml of standard DEHP solution; 
to each is added 0.1 ml of the internal standard solution, and the mixtures m-e diluted 
to volume with toluene. Portions (Z,A) are injected into the gas chromatograph. 
and a calibration curve is constructed from peak-area ratios I’S_ weight ratios. For 
samples having unknown concentrations of DEHP, a preliminary determination is 
made to get an approximation of the level of DEHP and to ascertain that no inter- 
fering phthalates are present_ 

RESULTS AND DISCUSSION 

There has been considerable interest in the presence of phthalates, especially 
DEHP? in blood stored in plastic bass since the iirst report of Marcel and Noel’“. 
The work of Jaeger and Rubin” confirmed that the contamination increased \vith 
the storage time_ The presence of DEHP in certain body tissues could also be corre- 
lated with the administration of blood, and it WLS suggested that the ester came both 
from the bag and the tubing used”_ 

The presence of DEHP has been studied by ,-_; _ (1 1s chromttto~raphiv~~~ll~ and tlame 
ionization detection as the levels have been rather high. The phthalate esters are sood 
electrophors and can be quttntitied with an ECD in small :m~ou~~ts”‘. The general 
contamination of solvents’--“, laboratories’, equipment and accessories’-’ with sonle 

phthalates has frequently been noticed. 111 order to follow the espected low levels 
of phthalates in fractionated plasm:t proteins, :I method with the hi& sensitivity and 
good selectivitv olked bv the ECD w’as deemed necessary. 

The plasticizers found In such plastic materials as poly(viny1 chloride) have 
been inwstisated by Lerche and March”‘, who found that DEHP predominated. 
This ester has also been the major phthalate identitied in plasma in contact with 
plastic materials”. 4cetyltributyl citrate has also been mentioned”‘-“. but this com- _ 
pound could not be found in the blood bags used in our comptmy \vhen the plastic 
material was analyzed according to Lerche and March’“. The stztrch for phthalntes 
in plasma proteins was t!lerefore conccnrrared on DEHP_ 

The V&an 1400 has a ‘H-source ECD operatin g in the direct current (d-c.) 
mode_ As phthalates capture electrons accordin, 0 to ;i resonance mechanism”. they 
GLII in principle be detected with lower sensitivity at higher temperatures. As has 
been shown for some equivalent benzophenones, and for dibutyl phthalate. the Varian 
d-c. mode concentric detector does not exhibit the decrease in sensitivity until ;I tem- 
perature over 200” has been attained”; this is advantageous in the determination of 
DEHP, as a column temperature of more than 215‘ is required_ When the detector is 
operated in the pulsed mode the sensitivity will be inferior”, The sensitivity in this 
d-c. mode detector is quite good, permittin E the detection of picogram amounts_ The 
minimum detectable quantity (MDQ) was determined for the internal standard, 
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\ilherc no blank interferes, and \~as found to be 52 :-’ IO-” moles/set: this Is some- 
what less than that of benzophenone’“-“_ Quantitative electron capture detection was 
first reported bg Bunting and Waker”, who used a Varian d-c_ mode detector; the 
ECD has also found some use in environmental-pollution studie?*23. 

The flame ionization detector (FID) had about the same sensitivity (MDQ 
* 5 1-T IO-‘-’ moles/sec)z and could from the point of view of sensitivity have been 
used: however_ the selectivity of the FID refiders it unsuitable. due to extraneous 
material in the samples (crf: Fig_ 2)_ Hall has discussed the advantage of using the 
FID over the ECD in studies ofphthalates in polluted wate?‘. 

Several stationary phases were investigated_ The non-polar ones (OV 1 and 
OV 17) showed adsorption phenomena when used in the range 1 to 572. Higher load- 
ins (107;) reduced the adsorption, but required the use of a high column temper- 
attire, which resulted in bleeding ard detector malfunction_ The more polar phases 
(Carbowas 20M and cyclohesane dimethanol succinate) gave more symmetrical 
peaks, but showed a tendency to adsorb and desorb the ester in repeated injections. 
The choice of Carbowas-terephthalic acid eliminated these problems. The lifetime 
of this column Gas not too long, and the useful life \\as indicated by a reduction 
(from I40 to 215 ) in the column temperature required_ An old column could be 
“refreshed‘- by removing a small part ofthe column tilling facing the injector and mov- 

ing the rest of the tilling towards the injector bv suction: this could be repeated twice 
- betbre the column had to be replaced_ 

The presence of phthalatcs in the injector membranes has been noted. and it 
has been suggested that the membranes should be baked at high temperature befke 
use to remove the plasticizers ‘-15 The louver phthalates are reduced in amount by _ 
this treatment, but DEH? w;ls still detectable when ordinary single-type membranes 
were used_ An improvement was achieved with PTFE-lined membranes_ In order 
to thermally save the membranes, an injector extender was tried in the later part of 
this work: some improvement resulted. i-e.. a membrane lasted l-or 5 days instead of 
1 da\;_ 

As will be discussed below, the solvents used \vere never free from DEHP: 
the:injection of tised volumes of sample w&s therefore important_ To tkilitate this. 
the sandwich technique described by fn g&d ef al_‘” was used, so that solvent evap- 
oration from the needle in the injector would not cause too much variation in results. 

No suitable solvent was completely free from DEHP upon direct injection into 
the gas chromatograph (see below under Linrir oJ ckfrc.tion). The best ones were 
toluene and hesane, but hesane was inferior to toluene in the extraction procedure_ 
Various attempts, including distillation, treatment with acid, L ~~lkali or reducing agents. 
distillation over sodium and preparative gas chromatography, to purity some solvents 
xere unsuccessful: usually. the quality was impaired, as other compounds xere 
introduced_ Chloroform or dichloromethane could be used as such. but their electron 
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capture properties made evaporation necessar_v and this increased the magnitude of 
the blank. It was therefore decided that treatment of the sample up to the _gas chro- 
matographic stage should be performed with as few steps as possible and with no 
evaporation step. Direct extraction of DEHP from plasma into hesane or toluene 
was not possible (q/I ret IS). 

Lyophilization followed by soakin g of the residue with metl~anol (2 ml) and 
toluene (0.2 ml) and then addition of water (2 ml) released most of the plasticizer. 
This process was straightforward, but time-consumin=5 the procedure was shortened 
and simplilicd by addin g nletllanol to the sample and evaporating the misture to 
dr_vness_ Thus, sample-prepacttion time was reduced from IS 11 to 15 min. The pro- 
portions of methanol, toluenc and water (2:O _Z:2) were \vo,rked out for samples of 
about 0.5 g. Esperiments with different amounts of toluene showed that 0.2 ml was 
sufficient to ensure quantitative extraction of DEHP from a protein-free sample. 
When plasma proteins wcrc present , as when fresh human plasma WLS spiked with 
DEHP, the absolute recover_v WIS tlrourld 60 ‘x_ 

The method of Piechocki and Purdy’2 with ;I column extraction procedure was 
ruti simultnneoosly on some samples spiked v:ith S ,u= n of DEHP~ml. At this low level, 
the blank was appros. 3-5 ,&ml in that method. compared with appros. OS &ml 
for the proposed method. The difli-rence has to do with the concentration step, ~yhich 
accentuates the blank at this low Ievel. Samples containing about 200 ,~,/mf of DEHP 
gave the same result bv either method. The batch extraction method is. however, 
mm-c rapid in perfbrnmance_ 

It was noticed that, ivitll time. the laborrttor\r glass\\-are built up ;I level of 
DEHP that could not be removed by ordinary \vashin~ or by alcoholic alkali trrat- 
nicnt. An o.sidation rwgcnt” containing chromium trioside in sulphuric acid-acetic 
xid wis succcssfirlly used in removing this contaminatiori fioni. 0-g.. centrXuge tubes. 

“Dinonyl” phthalate. a hon~ologue of DEHP, was chosen ;is internal standard 

and added to thr sample befixc the extraction procedure_ -4s the properties of these 
co~npounds are closely similar, the; behave in the same \\a~ in the estraction and are 
quantitatively detected by the ECD. The addition of the internal standard as well as 
that al‘ DEHP has to br made in ,uI amounts in meti~anol to the sample. If the internal 
standard solution wts ewporrtted to dryness in an emptv 4ass tube, subsequent ud- a z 
Jition of‘ the sample \vould not dissolve the standard. 

The sensitivit_v of the procedure is limited by the presence of DEHP in the 
reagents, rk., niethanol and tolutne. In separate experiments with the internal stan- 
dard added in known anmunts it ~1s found, by comparison and with the assumption 
that the sensitivit_v of DEHP is the same, that the DEHP contents of hesrrne, toluene 
and methanol were 0.45, -0.47 and 0_5~&mi, respectively_ Somewhat higher values 
were obtained for reagents other than those used here. The DEHP in methanol will 
concentrate in the toluenc layer and is the major source of disturbance_ The reagent 
blank corresponds to a concentration of0.3 ,q,/‘ml of DEHP of sample: this means 
that quantitative determinations with acceptable precision can be made at levels 
down to 0_5,~g/ml of DEHP. 
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When freshly drawn plasma (VacutainerZ,) was analyzed, the content of DEHP 
did not ditTer from that of the blank, indicating that DEHP is normally present only 
in very minute amounts, if at all, in human blood_ 

Precision mrd rfxowrj- 

A plasma sample containing 20&ml of DEHP was analyzed 10 times with 
a relative standard deviation of 3_6”,:,_ Relative recoveries were 100% due to the use 
of an internal standard with properties closely similar to those of DEHP. As mention- 
ed above, the absolute recovery was of the order of 60‘7& 

SfAecIivit_l 

Most proteins, supernatants and fractions containing more than 5 to 10 jimi- 
of DEHP gave gas chromatograms on which the phthalate was easily distinguisha?Se. 

2Z. Z 

Sometimes, however, one frtlction contained more peaks after one step in the frac- 
tionation process than before. The sensitivity of ECD is high and the selectivity is good 
but intertkence is still quite common_ As it was unlikely that several phthalntes \kere 
present (see Fig_ IA) it was necessary to confirm or disprove these results_ The tech- 
nique of mass frclgmentogrdphy as described by Hammar and Hesslin$” and further 
developed in this laboratory by Hammnr and his collaborators’” served this purpose 
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Fig- I- Exkct from a freeze-dried plasma protein_ A_ gas chromnrogran with ECD: B. mass frag- 
mentogmm with ti~onitoring of the fragment nr,+ -== 119. 

excellently_ Phthalates higher than the methyl ester exhibit one large fragment 
Olzje z- 149) in common, and this fragment was used for tracing the compounds in 
the extract shown in Fig_ lA_ As seen in Fig_ 1 B, the pattern is almost the same with 
the two techniques- The appearance of these phthalates could be traced to a special 
brand of plasticized sheet used in the freeze-drying process: this plastic cover was 
shown by direct analysis to contain the same esters_ 

For most samples of fibrinogen, the first fraction in the fractionation process, 
there were Several other peaks of non-phthalate origin_ Only by mass fragmento- 
graphy was it possible to determine DEHP in fibrinogen at levels below 10 I~~!~~ . IIzy 
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in the present study, the FID could not be used, owing to the presence of 
interfering compounds (see Fi g. 24). The problems discussed in this study demon- 
strate the usefulness of the ECD and also the need to verif)r the results by mass fras- 
mentography. The use of mass spectrometry to verify ECD tracings of phthalates in 
air samples was recently described by Thomasx: similarly, mass chromatography 
has also been usedZ3 for this purpose_ 

A 

APPLICATIONS 

When plasma delivered in 10 ditkrent blood bags was analyzed, the DEHP 
concentration ranged from 16 to 120&ml, corresponding to 0.24 to 1.7 rnn/ty of 3. 2 
protein. This range is in agreement with published values of 70,4ml for blood” 
and 115 +/ml for pltlsma’“_ There are probably larger differences betlveen individual 
has than those noticed here_ Piechocki and Purdy reported somewhat lolver values”. 

Some plasma samples were stored in polyethylene vessels, which contain no 
phthalate plasticizer_ Yet there were Ilk& levels of DEHP originating from the tappins 
of the blood into a plastic bag and the time it was stored therein_ The increase in 
DEHP content with storage time was reported by Jaeger and Rubin” as \vell as b& 
Marcel and NoellO: the former authors found a linear increase over 21 days. 

In a study with freshly drawn plasma stored for 7 days both at 4’ and -20’. 
we found an increase that seemed to level off(see Fig. 3); this agrees with the results 
of Marcel and Noel for plasma’“. These results were from bags only partly filled with 
plasma (about 50 ml) from the beginning. In another similar study over 5 weeks, the 
leveiling-off efkct was not pronounced; Fig. 4 shows that the concentration of 
DEHP in plasma stored at -20” for 5 weeks did not exceed 20 &ml. This indicates 
that the major estraction into these plasma samples must occur during the thawing 
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DEWP 
psiml 

Fig. 3. Estrxtion of DEHP into phssma durin g 7 davs (hags partly fiiied, cu. 50 ml): I, -20”; 0, _ 
-?-r. 

period before sampling for analysis_ The sample stored at 4” (cJ Fig_ 4) was analyzed 
after 10 wxks (when its volume was 10 ml) and contained S90,q_fml of DEHP. 

The irregularities observed in some of the curves may bc attributnble to CL 
possible inhomogcncity in the rather viscous sample, :LS well :LS to the exposure to the 
plasmtl of fresh ttreris of the plastic material due to the small volume of pltw~~a used. 

In Fig_ 5 m-e shown some results from baas almost completely tilled (400 ml)_ The 
concentration of DEHP does not reach the same level as those found in the previous 
study. The storage time is, of course, unrealistic, but the capacity of the plasma to 
“extract” DEHP is high. After7weeks nt4’, about 56 mghad been transtkrrcd from the 
bag material into the plasma proteins_ Analysis tifter 1s weeks indicated some kind 
of equilibrium, as the concentration of DEHP lcvcllcd Ott‘: about 7s mg had been 
extracted ofthe S7 mg theoretically possible in that type of bag. The conclusions from 
these csperiments zre that plasma samples in poly(vinyl chloride) bags mi@ be 
stored at -20’ without much increase in the DEHP content_ The bag?s should be 
completely filled in order to give the lowest possible degree of extraction (per ml)_ If 
stored at 4’ or above, the storage time should be as short as possible. 
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Fig_ 5. Extraction of DEHP into plasma during 1S wxks from conqdctrly fiilcd bags: at 4’ ‘? and I 
ordinrtrv blood brigs tilld with donor plasma containin, ‘1 CCL 1 trg;nil of DEHP; .>, transfer bag 
filled wk donor p&ma with cm 20 rr&nl of DEHP from the original tapping has:. Volume at start 
100 ml; at each snmpling point, 1 ml has been remowd. 

The distribution of DEHP in sonw plasma-protein fractions after fractionation 
according to l3jjiirling I4 is sl~own in Table I_ As can be seen. niosz of the DEHP w;1s 
found in the lipoprotein l-raction- The hi$ier the concentration of DEHP in the 
starting material, the niore goes into fraction 11 f III. 

TABLE I 

DISTRIBUTlON OF DEHP IN SOME PLASMA PROTEIN FRXCTLONS 

The valurs are given as ;1 percentage of the amount of DEHP in the startin, ‘1 material_ Becmse of 
the Iarge volumes processed in the fractionation and the small sampks talon for analysis, there may 
be discrepancies when results from some steps are compared. 

Fibrinogen Fraction I 
Supermttlnt I 
Fraction II + III 

Plasniinogen Fracrion 111 
Prorrmnbin 

i;-Lipoprotein etc_ 
Supcrnatanr 111 

Immunoglobulins Fraction II 

- - 
- - 
6S 4s 
- - 

0.5 
ss 
54 
53 

Ceruloplasn~in 
$-Lipoprotein 
Tmnsfcrrin 
Hnptoglobulin 

Supernstant I1 
Supernatant IL -+ III 
Fraction IV 

5 

0.3 
-I 

16 
IA 

Albumin 
Supernatant IV 
Fraction V 
Supernatant V 

_- 
- - 

_- 

20 1s 
o-7 1s 

9 27 
7 

II 5 5 

1 
1 

- 
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The contents of DEHP in the proteins of major interest from a fractionation 
are shown in Table 11. The content in fibrinogen and albumin was low. The higher 
levels found in immunoglobulin G are in line with our findings and those of Jaeger 
and Rubinls in that the DEHP concentration is highest in the lipoprotein part 
(from which immunoglobulins are fractionated)_ 

TABLE II 

CONTENT OF DEHP IN SOME FRACTIONATED PLASMA PROTEINS 

Ten ditk-cnt batches were invcstigued 

Pi-or&z DEHP /.w.:*:~_:+ 

Albumin 5- ‘5 

Fibrinogen 3- is 
ImmunogIobuIin G 3-160 

h4ost of the DEHP does not remain with the proteins of interest atier liac- 

tionation- In comparison with the DEHP content of stored blood plasma (in this 
study X0-1700 ~01~ of protein in piasma), the fractionated plasma proteins contain a 2. 2 
small amounts of DEHP (3-160 u-/a of protein)_ The risk of loading patients with ‘ c‘r’s 
DEHP is therefore less with fractionated proteins than with blood transfusions. 

The toxicity of DEHP in three species was reported by Carpenter er nl.“; the 
-‘no-effect” level in the rat was about 60 mg per kg per day. Schafk and his co-wor- 
ker?* concluded that DEHP was a chemical of low toxicity. The metabolism of 
DEHP in the rat was studied by AIbro et n/.3’, who found that mono-(LethyIhesyI) 
phthalste was the major metabolite, only 3% of phthalic acid being excreted: the 
same major metabolite was found in fishz3_ There are indirect data on the metaboiism 
of DEHP in man_ Jaeger and Rubinls reported increased escretion of a phthalic acid- 
forming substance from patients who had received Iarge volumes of blood stored in 
p&tic bags_ This may in part be the mono-ester, which seems to be resistant to metab- 
olism_ The levels of DEHP in fractionated plasma proteins, however, do not ap- 
proach the amounts of phthalate mentioned by Jaeger and Rubin’3-‘“_ 
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