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Determination of Bis(2-ethylhexyl) Phthalate in Cow’s Milk and Infant
Formula by High-Performance Liquid Chromatography

John A. Giust,’ C. Thomas Seipelt, Brian K. Anderson, David A. Deis,” and John D. Hinders
Ross Laboratories, 625 Cleveland Avenue, Columbus, Ohio 43215

A method for the rapid extraction and analysis of milk or infant formula for bis(2-ethylhexyl) phtha-
late (DEHP) by high-performance liquid chromatography (HPLC) is reported. The method elimi-
nates separatory funnel extraction and does not require a residue cleanup by gel permeation chroma-
tography (GPC). Samples are solvent-extracted after being mixed with 10% deactivated silica. The
extract is concentrated by Kuderna—Danish evaporation and the resulting residue analyzed directly
by HPLC with UV detection. A method detection limit of 100 ppb was calculated. The overall time
required for a complete determination is improved over methods using separatory funnel extraction
and GC analysis by approximately 3-fold. Spike recovery of DEHP from infant formula and four
different milk types (raw, whole, low-fat, and skim milk) ranged from 65% to 80% recovery at the 10

mg/L spike level.

Plasticizers are nonvolatile solvents compounded with
plastic resins to increase their workability, flexibility, or
extensibility. Bis(2-ethylhexyl) phthalate (DEHP) is the
most common plasticizer, with an estimated annual pro-
duction rate of 2 billion pounds worldwide (National
Research Council, 1986).

DEHP has been found in soils, human and animal tis-
sues, air, foods, and marine life (Peakall, 1975). Two stud-
ies have estimated the total daily human consumption
of DEHP from all sources of exposure at 5.8 mg in the
United States (U.S. Department of Health and Human
Services, 1985) and 2.1 mg in Japan (Nakamura et al.,
1979). Due to the apparent ubiquity of DEHP in the
environment, the effects of human exposure to DEHP
have been extensively researched during the past two
decades (Department of Health, Education and Wel-
fare, 1972; National Toxicology Program, 1981; Thomas
et al., 1978).

Foods become contaminated with DEHP by contact-
ing containers, wrappings, and food-processing equip-
ment made of plastic or using plastic parts containing
DEHP. For example, various types of plastic tubing are
commonly used for conveying milk, and PVC food wrap
is widely used in the United Kingdom (Castle et al., 1987).
Since a plasticizer is not permanently bound to the plas-
tic resin, it will migrate into foods containing lipophilic

* Present address: Hewlett-Packard, 675 Brooksedge
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materials such as fats and oils. Because of this, the Food
and Drug Administration (FDA) limits the DEHP con-
tent in materials contacting food to 3% (w/w) (Code of
Federal Regulations, 1987).

Analytical methods commonly used for determining
DEHP in milk or infant formula have been residue meth-
ods based upon a separatory funnel extraction and gas
chromatographic analysis with flame ionization, elec-
tron capture, or mass detectors (Cocchieri, 1986; Thuren,
1986; Ferrario et al., 1985; Kamps et al., 1985; Petitjean-
Jacquet and Vergnaud , 1983; Suzuki et al., 1979; Giam
et al., 1975; Anderson and Lam, 1979). These analytical
methods have excellent sensitivity; however, they often
have very tedious extraction procedures. Also, milk
extracts generally require a rigorous cleanup step, usu-
ally by gel permeation chromatography (GPC), to remove
coextracted fats and oils before GC analysis.

In some instances, impurities can be intolerable since
they limit the size of injections and require long, high-
temperature oven hold times to completely desorb the
chromatographic column. In these cases, a second cleanup
step, either column chromatography or additional GPC,
has been used (Burns et al., 1981). This laboratory ini-
tially employed a pesticide method developed by Kamps
et al. (1985). The method consisted of a separatory fun-
nel extraction, centrifugation of the resulting emulsion,
and GPC cleanup of the residue, followed by GC/MS
analysis. The method was effective, but very laborious.
To overcome this disadvantage, a new method was devel-
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Figure 2. Bar graph of percent recovery and relative standard
deviation (RSD) vs DEHP spike concentration in unprocessed
milk (raw) and commercially available milk with 3.5% milk fat
(whole), low-fat or 2% milk fat (2%), and skim or !/,% milk
fat (1/2%). The performance study consisted of triplicate anal-

yses of the four milk types at a single spike concentration of 10
mg/L.

with higher total solids and higher fat matrices. There-
fore, overloading of the silica is suspected.

A method detection limit for infant formula samples
of 0.1 mg/L was calculated using methods described in
Appendix B of the Federal Register, Oct 26, 1984, The
detection limit study was performed with a DEHP spike
concentration of 0.3 mg/L with a total of eight replicate
analyses. The calculated detection limit produces a detec-
tor response of at least 3 times the normal signal to noise
ratio for a sample at 0.3 mg/L.

The calculated detection limit for this method is approx-
imately 10 times greater than the detection limit achiev-
able by the method developed by Kamps et al. The higher
detection limit is primarily due to the smaller concentra-
tion factor (5X), as well as instrument sensitivity (30 ng
of DEHP on-column). A larger sample size could be used
to decrease the limit of detection; however, the 25-mL
sample size represents the optimum that the method can
easily handle without the use of GPC cleanup.

Figure 2 illustrates the results of a method perfor-
mance study on unprocessed cow’s milk (raw), whole pro-
cessed milk (whole), low-fat milk (2% fat), and skim milk
(*/;% fat). With the exception of the unprocessed milk
sample, the sampling included plastic and wax paper con-
tainers as well as different commercial brands. The study
consisted of triplicate analyses of the four milk types at
a single spike concentration of 10 mg/L.

The average spike recovery at 10 mg/L compared very
well with recovery from infant formula for spikes at the
same concentration. The 73% (RSD 15%) and 76% (RSD
7% ) recoveries for cow’s milk and infant formula, respec-
tively, indicate that the method is applicable to either
matrix. The data in Figure 2 also indicate that analyte
recovery may be related to the fat content of the milk
sample.

A formal determination of a method detection limit
for cow’s milk was not included in the above perfor-
mance study. Due to the similarities in matrices, the
method detection limit of 100 ug/L determined for infant
formula samples was assumed to be sufficiently accurate
for the needs of this laboratory. No detectable amount
of DEHP was found in any of the milk samples used in
the study.

Figure 3 is a typical chromatogram for the HPLC mobile-
phase system that was found to be satisfactory for the
analysis of the sample residues. Figure 3 represents a
0.8 mg/L. DEHP-spiked sample analyzed with 87%
acetonitrile/13% water at 225 nm and 1.25 mL/min. The

J. Agric. Food Chem., Vol. 38, No. 2, 1990 417

U

DEHP

Detector Response

7 \

Retention Time(min)

Figure 3. Typical chromatogram formula residue from a sam-
ple spiked to 800 ppb DEHP. Analytical conditions: mobile
phase of 87% acetonitrile and 13% water at an analytical wave-
length of 225 nm and a column flow of 1.25 mL/min.

chromatogram demonstrates that these conditions have
adequate resolution and sensitivity. Additional resolu-
tion of the DEHP peak from background components
can be gained by increasing the polarity of the mobile
phase. However, any gain in resolution is accompanied
by a decrease in sensitivity. Also, the 225-nm analytical
wavelength requires a 15-20-min reequilibration period
after the column has been washed postrun with 100%
methanol. This postrun wash to remove late-eluting inter-
ferences still requires significantly less time than either
GPC or open column cleanup prior to analysis.

Initial method development work was performed with
a methanol/water mobile phase and analytical wave-
length of 240 nm. Later development work investigated
the potential of using shorter analytical wavelengths and
a more UV-transparent solvent (acetonitrile) for greater
sensitivity. The mobile-phase conditions and analytical
wavelength of Figure 3 were finally chosen as the opti-
mum conditions for the method.

During our development of the method, diatomaceous
earth was investigated as an alternative adsorbent and
was found to be inferior to 10% deactivated silica gel.
When diatomaceous earth was used as the adsorbent,
obtaining a dry, free-flowing mixture of adsorbent and
sample was very difficult. Analyses of infant formula sam-
ples that substituted diatomaceous earth for 10% deac-
tivated silica gel had a calculated detection limit of 157
ug/L.

The described method provides a rapid and accurate
technique for determining the concentration of DEHP
in milk or infant formula. Typical analyte recovery of
70-100% is comparable to more complicated residue tech-
niques. The greatest utility of the method is in analyz-
ing milk matrices that severely emulsify during solvent
extraction and that have residues containing high boil-
ing point components. In addition, the speed of the
method is improved over more traditional methods based
on separatory funnel extraction and gas chromato-
graphic analysis.
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Preparation and Purification of Malonaldehyde Sodium Salt

André Lacombe,' Selim Kermasha,” Frederik R. van de Voort, and Bernice L. Mills*

Department of Food Science and Agricultural Chemistry, Macdonald College of McGill University,
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Malonaldehyde is not commercially available and is generally prepared when required from 1,1,3,3-
tetramethoxypropane (TMP). Although sodium malonaldehyde (NaMA) is potentially a stable prod-
uct that could be preprepared to meet research needs, present procedures either are tedious or have
been shown to be inadequate in terms of purity. NaMA was prepared by adding 1 N HCl to TMP,
stored at 4 °C for 24 h, and neutralized to pH 8.0 and the moisture removed under vacuum at <40
°C. The dry end products were selectively solubilized in anhydrous alcohol and filtered twice through
neutral charcoal to remove any color compounds, the ethanol was removed under vacuum, and the
residue was lyophilized. Analysis of the lyophilisate by HPLC produced a single peak, shown to be
free of methanol and higher polymeric forms by infrared analysis, and its purity was determined to
be >98% by NMR. The procedure developed is an improvement over previous methods, has an
overall recovery of about 60%, and provides a product of sufficient purity for mutagenicity testing
and as a standard for the thiobarbituric acid test (TBA) commonly used for assessing the autoxida-
tion of fats and oils.

Malonaldehyde has come under increasing scrutiny by
the health profession as a potential mutagenic agent (Basu
and Marnett, 1983) that has ramifications in relation to
the ingestion of oxidized lipids. The effects of malonal-
dehyde are difficult to study because it cannot be obtained
commercially, is generally unstable in solution, and has
to be prepared as required, limiting its ready availabil-
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ity as a standard material for mutagenicity studies or
more general work such as standardizing the thiobarbi-
turic acid test commonly used to evaluate the degree of
autoxidation of fats and oils.

Malonaldehyde was first described by Claisen (1903)
as a three-carbon dialdehyde resulting from the acid
hydrolysis of g-ethoxyacrolein diethyl acetal. In 1941,
Hiittel developed a simple procedure for producing mal-
onaldehyde but found it to be hygroscopic, generally unsta-
ble, but could be stabilized in the form its sodium salt.
The subsequent recognition that malonaldehyde was a
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