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Abstract

A simple and rapid extraction method for the analysis of p, p’-DDE from rat whole blood and tissues was developed using
headspace solid-phase microextraction (SPME). A via containing a sample of p,p’-DDE, sodium hydroxide, and
benzophenone as internal standard was heated at 120°C. A polydimethylsiloxane-coated SPME fiber was exposed for 15 min
in the headspace of the vial. The fiber needle was then injected and desorbed by exposing the fiber in the injection port of a
capillary gas chromatography—mass spectrometry system. The calibration curve demonstrated good linearity throughout the
concentration range from 0.02 to 50 pg/g for rat whole blood and liver samples. The limit of detection for p,p’-DDE was
0.020 p.g/g using 0.5 g rat whole blood and liver samples. Coefficients of variation ranged from 7.0 to 7.9%. This method
was used to analyze a rat whole blood sample after administration of p,p’-DDE. [0 2001 Elsevier Science BV. All rights
reserved.
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1. Introduction

p,p’-DDE,  1,1'-(2,2-dichloroethylidene)-bis(4-
chlorobenzene) (Fig. 1), is a metabolite of the
pesticide p,p’-DDT. p,p’-DDT (1,1,1-trichloro-2,2- ci ci
bis( p-chlorophenyl)ethane) (Fig. 1) was used world-
wide from the 1940s to the 1960s in agriculture and ﬂ
for sanitation purposes. However, DDT is still used
in Asia. DDE is extremely stable and resistant to
breakdown in the natural environment and in humans CClj “CCly
[1,2]. DDT and DDE are mainly taken up from
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dietary products into humans, and stored in the body
fatty tissue due to their high lipid solubility [3].

Recent investigations have linked p, p’-DDE to the
development of breast cancer [4] and to decreased
sperm counts [5]. Moreover, other reports have
raised new concerns that PCBs and p, p’-DDE may
disrupt norma reproduction and development
through inhibition of the androgen receptor function
[6]. p,p’-DDE, in particular, shows the most potent
anti-androgenic effect among the analogues of DDE.
These chemicals in our environment are reported to
be environmental endocrine disrupters [7].

Several analytical methods, using either gas chro-
matography with electron capture detection [8—11]
or gas chromatography—mass spectrometry (GC—
MS) [12], have been proposed for the specific
determination of p,p’-DDE. All of these extraction
methods require a lengthy analysis time. To date, no
quantitative method is available for the rapid quanti-
fication of DDT and p,p’-DDE in biologica sam-
ples. Here, we present a simple, rapid and highly
selective method for the quantitative measurement of
p,p’-DDE in rat whole blood using headspace
SPME-GC-MS.

2. Materials and methods
2.1. Materials

p,p’-DDE was obtained from Riedel-de Haén
(Seelze, Germany). Benzophenone was obtained
from Wako (Osaka, Japan). The SPME device coated
with 100 pm polydimethylsiloxane fiber was pur-
chased from Supelco (Bellefonte, PA, USA). Other
chemicals used were of analytical grade. Rat whole
blood and liver were used in the examination of the
heating temperature, preheating time and exposure
time conditions. The weight of the liver was mea-
sured as the wet weight.

2.2. Gas chromatography—mass spectrometry
(GC-MS) conditions

A Hewlett-Packard 5890 series |1 GC coupled to a
Model 5971 mass spectrometer was used. A 30
mx0.25 mm |.D. fused-silica capillary DB-1 column
(J&W Scientific, Folson, CA, USA) with 0.25 pm

film thickness was used. Splitless injection was
employed (split valve off-time 3.0 min). The column
oven temperature was programmed to rise from an
initial temperature of 100°C to 280°C at 20°C/min
and was maintained at 280°C for the final 3 min. The
injection temperature and ion source temperature
were 250 and 280°C, respectively. Splitless injection
mode was used, and the splitter was opened after 3
min. Selected ion monitoring (SIM) was used as
follows: p,p’-DDE, m/z 246; benzophenone (1.S),
m/z 105.

2.3, Solid-phase microextraction (SPME)
procedure

Whole blood and wet liver samples (0.5 g), I.S. (1
g/ pl, 20 wl), and sodium hydroxide solution (1 M,
1 ml) were placed in a 12 ml vial which was rapidly
sealed with a silicone septum and an aluminum cap.
The liver samples weighed 0.5 g after being cut into
small pieces using a scalpel. The vial was immedi-
ately heated in an aluminum block heater (Dry Heat
Bath EB-303, luchi, Osaka, Japan). The needle of the
SPME device containing the extraction fiber was
inserted through the septum of the vial. The fiber
was pushed out through the needle and exposed to
the headspace (10.5 ml) of the vial for 15 min. After
adsorption of the compounds, the fiber was with-
drawn into the needle, removed from the vial, and
immediately inserted into the injection port of the
GC-MS system. The fiber was exposed in the
injection port for 3 min and the analytes were
desorbed into the GC column.

2.4. Heating temperature, preheating time and
exposure time conditions

In order to achieve the optimal conditions (the
best recovery rate and CV.), the effects of heating
temperature, preheating time, and exposure time
were determined using the above conditions. Rat
whole blood or liver samples containing 1.0 wg/g of
p,p’-DDE (n=3) were prepared and tested. The
vials were heated at four different temperatures (80,
100, 120, 140°C), for four different preheating times
(0, 10, 20, 30 min), and five different exposure times
(5, 10, 15, 20, 30 min) to determine the optimal
conditions. These conditions were examined in the



T. Kusakabe et al. / J. Chromatogr. B 761 (2001) 93-98 95

order heating temperature, preheating time and expo-
sure time.

3. Results and discussion

Fig. 2 shows the effects of heating temperature on
the extraction of p,p’-DDE. There was a preheating
time of O min and an extraction time of 15 min. The
amount of adsorbed p,p’-DDE reached a maximum
at 120°C. The best recovery rate was obtained at
120°C. In order to determine the heating temperature
(120°C), the vial was preheated for four different
lengths of time (O, 10, 20, 30 min). The fiber was
then exposed for 15 min and analyzed. Fig. 3 shows
the effects of preheating time on the extraction of
p,p’-DDE. There was no large difference in the
adsorbed amount of p,p’-DDE with respect to pre-
heating time. However, the CV. values were mini-
mum at 0 min. Employing the above results, using a
heating temperature of 120°C and a preheating time
of 0 min, five different exposure times (5, 10, 15, 20,
30 min) were used to determine the optimum expo-
sure time. The results are shown in Fig. 4. The
adsorbed amount of p,p’-DDE exhibited no differ-
ence between 15 and 20 min, and theresfter it
attained equilibrium. However, the CV. values were
about 7.9 and 16% for 15 and 20 min, respectively.
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Fig. 2. The effect of temperature on the SPME sorption curve for
p,p’-DDE extracted from a spiked rat liver sample (1.0 pg/g).
The extraction conditions were: 120°C, preheating time O min, 15
min exposure.
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Fig. 3. The effect of preheating time on the SPME sorption curve
for p,p’-DDE extracted from a spiked rat liver sample (1.0 n.g/g).

Fifteen minutes seems to be the turning point for
adsorption to the fiber and, therefore, CV. values
increase after 15 min. Therefore, 15 min was adopted
for use, as the CV. values were better at 15 min than
at 20 min. These results did not differ between whole
blood and liver samples. Moreover, there was no
effect of the temperature of the sample on these
extraction conditions.

For calibration, drug-free whole blood and liver
spiked with p,p’-DDE at concentrations of 0.02,
0.04, 2, 5, 10, 20 and 50 g/ g in the presence NaOH
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Fig. 4. The effect of exposure time on the SPME sorption curve
for p, p’-DDE extracted from a spiked rat liver ssmple (1.0 n.g/Qg).
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solution (1 M, 1 ml) and I.S. (20 ng) were used. The
calibration curves were obtained by plotting the
peak-area ratio between p,p’-DDE and 1.S. The
conditions were: heating temperature 120°C, preheat-
ing time 0 min and exposure time 15 min. The
seven-point standard curve showed good linearity
(r =0.999 for whole blood and r = 0.997 for liver)
over the concentration range tested. The equations
for the curves were: y=0.142x — 0.052 for whole
blood and y=0.119x + 0.106 for liver. The CV.
values for the slopes were between 6.2 and 8.9%,
indicating very good assay reproducibility.

The absolute recovery was determined by ex-
tracting and assaying in the SIM mode blank whole
blood samples with p,p’-DDE at concentrations of
1.0 and 50 pg/g. The representive peak areas of
these extracted samples compared with those of
unextracted methanolic standards at the same con-
centrations gave (expressed as the mean+SD of five
separate experiments/concentration) 8.02+2.0 and
8.34+6.1%, respectively. Likewise, liver samples
gave 6.64+2.56 and 6.95+5.6%, respectively. The
result for water is not obtained when analysis of
samples containing solid or sludge is analyzed by
SPME, even if examined [13]. Therefore, the re-
covery rate of the liver would be lower than the
blood. The lower limits of detection (corresponding
to a signal equivalent to three times the background
noise) were 0.020 wg/g for whole blood and liver.
The lower limits of quantitation were 0.020 ng/g for
whole blood and liver.

The day-to-day precision (expressed as the CV)),
estimated by daily analyses of an aliquot of whole
blood and liver samples with p,p’-DDE at 1.0 pg/g
over a period of 7 days, was 7.0 and 8.4%, respec-
tively; these results were found to be acceptable. We
exchanged the fibre for a new fiber when the day-to-
day precision indicated that it was required. A new
fibre produces a small CV.

Pawliszyn [13] reported that the SPME extraction
process is exothermic; an increase in sampling
temperature will reduce the analytic recovery. How-
ever, we found that it was possible to increase the
adsorbed p,p’-DDE by increasing the heating tem-
perature. In previous experimental reports [14—17],
elevating the heating temperature was shown to
increase the amount of adsorbed compounds. How-
ever, when the heating temperature was too high, the

amount adsorbed on the fiber decreased (Fig. 2).
Although p,p’-DDE is stable towards heat, the
distribution constant decreases at high temperature.
The decreasing distribution constant would reduce
the amount adsorbed.

As reported by Namera et a. [17], when using
headspace SPME for low volatility chemicals includ-
ing tetracyclic antidepressants, a preheating proce-
dure is not necessary. Although p,p’-DDE is not a
volatile chemical, the result is similar. Preheating is
not required in order to fill low volatility chemicals
into the vial by slow gasification. The vial fills with
volatile chemicals under preheating at 100°C or less
in a short time. The headspace is saturated with
p,p’-DDE, just as for volatile chemicals, in a short
time, because, at high heating temperatures, vapor-
ization equilibrium is rapidly attained.

In our method, p,p’-DDE was extracted from
samples in the presence of sodium hydroxide. The
primary objectives for the addition of sodium hy-
droxide were to dissolve the tissues and to increase
the amount of adsorbed p, p’-DDE. When the addi-
tion of 1 M NaOH was examined, maximum re-
covery with 1 ml was obtained. Although this
volume was the minimum in which the sample
dissolved completely, this quantity efficiently
gasifies p,p’-DDE. Moreover, p,p’-DDE cannot be
extracted from the samples (whole blood and tissues)
without adding sodium hydroxide. It has been re-
ported [15,17,18] that the recovery is increased in
headspace SPME by the addition of sdlts to the
sample solution. Although we added sdlts, an in-
crease in recovery was not obtained.

Fig. 5 shows representative chromatograms for an
extracted blank rat whole blood sample in the
presence of NaOH solution (1 M, 1 ml) (A), an
extracted blank rat whole blood sample spiked with
p,p’-DDE at 1.0 ng/g and 1.S. in the presence of
NaOH solution (1 M, 1 ml) (B), and that for
extracted whole blood and p,p’-DDE (100 mg/kg/
day) administered to a pregnant rat for 14-18 days
(C). These chromatograms show that the peaks for
p,p’-DDE and 1.S. are fully separated and the
endogenous peaks from rat whole blood do not
interfere with the separation of the analytes.

In India, Bhatnagar et al. [10] reported the DDE
and DDT levels in 31 healthy male subjects from a
rural area. The serum DDE and DDT levels were
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Fig. 5. Representative selected ion monitoring chromatograms for p,p’-DDE and internal standard. (A) Blank rat whole blood. (B)
Extracted blank rat whole blood spiked with p,p’-DDE (1.0 pg/g) and internal standard (40 pg/g). (C) Extracted whole blood and
administered p,p’-DDE to a pregnant rat for 14-18 days. Measured p,p’-DDE concentration: 20.5 wg/g whole blood. Peaks: 1=

benzophenone (interna standard), 2=p, p’-DDE.
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0.0373+0.0046 and 0.0088:0.0013 wg/g, respec-
tively. Luo et al. [11] reported that the serum DDT
level in Singapore was 0.0029 pg/g for males and
0.0015 pg/g for femaes, and serum DDE was
0.0081 p.g/g for males and 0.0134 g/ g for females.
These measurements were made using GC—ECD
[15,16]. Using our method, it was difficult to detect
DDE and/or DDT in most cases, however the sharp
peaks might be detected by GC by using a much
more sensitive detection method, such as electron
capture detection.

To our knowledge, this is the first study to employ
headspace SPME for the extraction of p,p’-DDE
from whole blood and liver samples. SPME is a
simple method that requires no solvents. Our method
can selectively detect p,p’-DDE by GC-MS. The
present headspace SPME method can be recom-
mended for use before the analyses of other PCBs
and dioxin by GC and GC-MS, particularly in
environmental toxicology.
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