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Separating DDTs in Edible Animal Fats Using
Matrix Solid-Phase Dispersion Extraction with
Activated Carbon Filter, Toyobo-KF
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A technique is presented for the economical, routine, and
quantitative analysis of contamination by dichloro-diphenyl-
trichloroethanes (DDTs) [pp'-DDT, pp'-dichlorodiphenyl
dichloroethylene, and pp'-dichlorodiphenyl dichloreothane in beef
tallow and chicken fat samples, based on their separation using
matrix solid-phase dispersion (MSPD) extraction with Toyobo-KF,
an activated carbon fiber. Toyobo-KF is a newly applied MSPD
sorbent, and it is followed by reversed-phase high-performance
liquid chromatography (HPLC) with a photodiode array detector.
The resulting analytical performance parameters [recoveries of
spiked DDTs (0.1, 0.2, and 0.4 pg/g) > 81%, with relative standard
deviations of < 8% (n = 5), and quantitation limits < 0.03 pg/gl,
with minimal handling and cost-efficiency, indicate that the present
MSPD-HPLC method may be a useful tool for routine monitoring
of DDT contamination in meat.

Introduction

pp'-Dichlorodiphenyl trichloroethane (DDT) and its metabo-
lites, pp'-dichlorodiphenyl dichloroethylene (DDE) and pp'-
dichlorodiphenyl dichloreothane (DDD), have especially high
lipophilic properties. They are currently viewed with suspicion as
primary and important “endocrine-disrupting chemicals”
(EDCs) (1), and they are extremely persistent in the environ-
ment. The human and environmental pollution caused by EDCs
is a global problem in need of a solution. These compounds bio-
concentrate in the food chain and are accumulated in animal or
marine fats. Persistent DDTS still appear in food-producing ani-
mals from environmental contamination of their diet. Human
exposure occurs mostly via meat and eatable fish containing a
mixture of DDT, DDE, and DDD. To ensure that meat suitable for
human consumption is free from contamination by DDTs, the
Codex Alimentarius Commission (2) has stated the extraneous
maximum residue limit (EMRL) for DDTs in meat (5 pg/g fat).
The need for stringent monitoring in meat to guarantee food
safety is apparent.

Conventional isolation techniques of contaminating DDTs in
edible fats of animal or marine origins (3-11) possess several
detriments. The main detriments are that the methods consume
alarge amount of organic solvents, are labor intensive, time con-
suming, and expensive. The methods also produce large
amounts of waste organic solvents, which is a severe world-wide
problem (12-14). The main method of disposal for waste organic
solvents (used solvents) is incineration, which has steadily
increased over the past 10 years and has become more costly.
Matrix solid-phase dispersion (MSPD) extraction, introduced by
Barker et al. (15), is a reasonable isolation technique for drug
residues in animal tissues. The method has earned a reputation
for significantly reducing the analytical time and organic solvent
consumption. MSPD has been widely applied to the analysis of
veterinary drugs in foods of animal origin (16,17). However,
these techniques usually require an expensive MSPD sorbent
(Cyg-silica). The author has reported a successful normal-phase
MSPD method with an inexpensive polar MSPD sorbent (acidic
aluminum oxide) for the extraction of DDTs in animal fats (18).
The redeeming features in traditional MSPD are augmented fur-
thermore by optimizing MSPD conditions for the analyte and
sample.

A granular activated carbon has been used as a sorbent for use
in column chromatography for the isolation of organochlorine
compounds, including DDTs, in various biological samples (19).
Solid-phase extraction cartridges, filled with granular-activated
carbon-blended silica gel, are commercialized by Wako Pure
Chem. Ltd. (Osaka, Japan).

In this study, a novel activated carbon filter, the Toyobo KF
(KF), was used as the MSPD sorbent. KF, a novel activated carbon
fiber, was first developed by Toyobo (Osaka, Japan). KF possesses
the physical and chemical properties described as follows (20): (7)
the surface area is extremely large, ranging from 1,000 to 1,600
m?2/g, but it is characterized by a micropore structure with an
extremely small diameter of 0.5-10 nm, which results in the
high speed of adsorption, ranging from 10 to 100 times that of
conventional granular activated carbon; (i7) the capacity for
adsorption is greater than conventional granular-activated
carbon; (i) the desorption time is short compared with conven-
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tional granular-activated carbon; (i) KF is flexible and has excel-
lent malleability, resulting in good functionality, for example,
packing into a column and mixing with samples, such as meats,
animal fats, and other materials.

KF is competitively priced (5.7 cents US/g as of 14 March,
2005). Because of its unique properties, it was expected that the
application of MSPD with KF for the isolation of DDTs in animal
fats could further reduce the operation time, amount of sorbent,
KEF, and eluent used, resulting in cost saving.

The aim of this study is the development of a rapid and inex-
pensive method for the routine monitoring of contamination by
DDTs in animal fats using a new MSPD with KF as the sorbent
followed by high-performance liquid chromatography (HPLC).

Experimental

Materials and reagents

Standards of DDTs, DDT, DDE, and DDD, and other chemicals
were obtained from Wako Pure Chemical (Osaka, Japan).
Distilled water, ethanol, n-heptane, and n-hexane were of HPLC
grade (Wako). Other organic solvents and anhydrous sodium sul-
fate were of pesticide residue grade (Wako). Separate stock stan-
dard solutions (50 pg/mL for a target compound) were prepared
by accurately weighing DDT, DDE, and DDD (5 mg) and dis-
solving them in heptane (100 mL). As working standard solu-
tions, the mixed solutions of concentrations from 2 to 12.5
pg/mL of each target compound were prepared in heptane. KF-
1500, as an activated carbon fiber, was provided kindly by Toyobo
Co., Ltd. (Osaka, Japan). The KF was prewashed with heptane
and heated at 140°C for 3 h. A 0.45-pum disposable syringe filter
unit (hydrophilic cellulose acetate membrane) was obtained
from Advantec (Toyo Roshi Co. Ltd., Tokyo, Japan). Beef tallow
and chicken fat samples were premelted at 40-50°C and used for
blank samples.

Procedure

An accurately weighted 0.5-g sample was mixed sufficiently
with 0.2 g of KF-1500 and 2 g of anhydrous sodium sulfate in a
porcelain mortar to obtain a homogeneous material. The mix-
ture was transferred to a 20-mL column (syringe barrel) and pre-
plugged with a filter disc. After the column was washed with 20
mL of heptane, the target compounds were eluted with 20 mL of
ethyl ether—heptane (6:4, v/v) (flow-rate < 5 mL/min). The eluate
was evaporated to dryness, and the residue was dissolved in 1 mL
of the HPLC mobile phase. The solution was filtered through a
0.45-um filter unit, and the filtrate was injected into the HPLC
system.

HPLC

The HPLC system included a model PU-980 pump and a DG-
980-50 degasser (Jasco Corp., Tokyo, Japan) equipped with a
model CO-8010 column oven (Tosoh Corp., Tokyo, Japan) and a
model SPD-M10Avp photodiode array (PDA) detector
(Shimadzu, Kyoto, Japan).

The operating conditions were as follows: analytical column, a
YMC-Pack TMS (75 x 4.6-mm i.d., 5 um, packed C; = methyl-
silica, YMC, Kyoto, Japan) equipped with a guard column (5 x 4.6

mm) containing the same packing material. Other conditions
were: isocratic mobile phase, 51% (v/v) aqueous ethanol solu-
tion; pump flowrate, 1.0 mL/min; column temperature, 40°C;
injection volume, 20 uL; and analysis time, < 12 min. The results
of the absorption spectra of DDT, DDE, and DDD standard solu-
tions were measured by a PDA detector. The observed maximum
absorptions were: DDT, 236 nm; DDE, 245 nm; and DDD, 231
nm. The monitoring wavelengths were adjusted to 231-245 nm.
The peak identification of DDT, DDE, and DDD was established
by comparing the retention times and their absorption spectra in
real samples with those obtained by injection of the standard.

Recovery test

The recoveries and their relative standard deviations (RSDs)
from blank animal fat samples spiked at 0.1, 0.2, and 0.4 pg/g,
respectively, were determined for DDT, DDE, and DDD. These
fortification concentrations were prepared by adding 50 pL of
five mixed standard solutions (4, 8, and 16 pg/mL, respectively)
to a 2.0 g portion of the sample previously melted at 40-50°C.
Fortified samples were fully mixed prior to the test.

Results and Discussion

HPLC operating conditions

The short packed-C; column selected for this study was a
highly purified silica-based reversed-phase (nonpolar) column.
The medium was end-capped in order to reduce polar secondary
interactions associated with surface silanol groups. The C;
should remarkably reduce the volume of elution of organic sol-
vents as the mobile phase required and provide a more rapid sep-
aration.

A YMC-Pack TMS, packed-C; and short (length, 75 mm),
column with an ethanol solution as the mobile phase was exam-
ined. A chromatogram, with complete separation of target com-
pounds and clear and short retention time, was obtained by
using the column and an isocratic mobile phase of a 51% (v/v)
ethanol solution. Without the gradient system to improve the
separation, simple, and isocratic reversed-phase HPLC condi-
tions enabled rapid and complete separation of DDT, DDE, and
DDD in animal fat samples as illustrated in Figure 1A. The target
compounds were successfully detected within 12 min (Figure
1A) when the flow-rate was 1.0 mL/min at 40°C. There was no
requirement of precolumn washing immediately after a sample
analysis to remove the interfering compounds of animal fat
sample origin.

The chromatographic repeatability was determined using a
spiked (0.4 pg/g of each compound) beef tallow sample obtained
from the present MSPD with KF method. The repeatability was
found from the RSDs of areas and retention times calculated for
10 replicate injections of the spiked sample. The repeatabilities
for DDT, DDE, and DDD were 0.08-0.10% for area and
0.50-0.58% for the retention time, respectively. Similar results
were obtained using a spiked chicken fat sample.

MSPD with KF-1500
The present method was developed on the basis of experience
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gained in use of the normal-phase solid-phase extraction (SPE)
or MSPD for the isolation of organochlorine compounds in egg
yolk fat or animal fat samples (18,21).

First, the retention profiles of DDT, DDE, and DDD from the
present MSPD with KF column, when several nonpolar solvents
(diethyl ether, hexane, and heptane) that are used frequently in
the analysis of drug residue, were used as the washing eluent.
Their volumes were standardized at 20 mL. In a recent paper, the
ability of normal-phase MSPD, with acidic aluminum oxide
(AAO) as the sorbent (AAO-MSPD), to selectively retain DDTs in
heptane was shown. In comparison with other solvents, the KF
showed a highly selective retention of DDTs in heptane. Because
the target compounds were not eluted with heptane from the
MSPD with KF column, heptane was used as the washing eluent
to eliminate fats of sample origin. Prewashing of the MSPD with
KF column using heptane as a prior eluate was, therefore, intro-
duced into the procedure. This provided the isolation of fat con-
stitutes, except for DDTs, from the column.

The possibility of eluting DDTs from this new MSPD method
by other solvents was evaluated. The sorbent, KF, was de-retained
by adding ethyl acetate to the eluent. The effect of the concen-
tration of ethyl acetate in the eluent (ethyl acetate-heptane, v/v)
on the recoveries of DDTs from the MSPD with KF column was
then determined, and the results are given in Table I. DDT, DDE,
and DDD were satisfactorily eluted (the recoveries of DDTs
> 80%, Table I) with ethyl acetate-heptane (60:40, v/v). The
eluting curves of DDT, DDE, and DDD from the MSPD with KF
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column using ethyl acetate-heptane (60:40, v/v) as the eluate are
presented in Table II. In this study, the target compounds in 5
mL of each collected fraction were determined by HPLC. All
compounds were eluted with an elution volume of 20 mL. The
average recoveries (n = 3) of DDT, DDE, and DDD were 85%,
86%, and 81%, respectively, under these conditions. No increase
in DDT recoveries was obtained by increasing the elution volume
(>20 mL).

In the MSPD with KF preparation, the sample and KF were
mixed with anhydrous sodium sulfate to remove the moisture in
the sample completely, allowing the matrix—sorbent (i.e., sample
KF) mixture to become uniform readily and easily to pack into the
column for MSPD. The fat sample is dispersed over an extremely
large surface area (0.2-0.32 m2 per 0.2 g of KF), with a micropore
structure that has an extremely small diameter (0.5-10 nm),
exposing the entire sample to the isolation operation. The surface
areas (0.2-0.32 m?per 0.2 g of KF) used as the present MSPD sor-
bent is 2-4 times larger when compared with those of the pre-
vious MSPD sorbents [such as Cyg (15-17) and aluminum oxide
(18)], suggesting a more efficient dispersion of the sample
entirety to KF, which results in sorbent saving.

The MSPD with KF procedure had a minimal number of steps,
used a tiny amount of the KF (0.2 g), and had low solvent con-
sumption (total 40 mL/sample: heptane and ethyl acetate used as
the washing eluent and eluate). Based on MSPD with the KF pro-
cedure, transfer of the sample KF mixture, dispersion of the fat
sample onto the KF, washing and eluting operation, selective
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Figure 1. HPLC chromatograms obtained from beef tallow samples (PDA
detector set at 232 nm): spiked (0.4 pg/g of each compound) beef tallow
sample (A); blank beef tallow sample (B). Peaks numbers: DDD (Retention
time (&) = 7.0 min), 1; DDT (= 9.0 min), 2; DDE (& = 11.0 min), 3.

Table I. Effect of the Ethyl Acetate Concentration in the
Eluent on the Recoveries of DDTs from MSPD with KF for
DDT-Fortified Animal Fat Samples*

% Recovery ethyl acetate—heptane (v/v)

Compound 10:90 20:80 30:70 40:60 50:50 60:40 70:30 80:20

DDT 32 73 75 81 84 86 84 83
DDE 28 29 35 56 68 85 85 84
DDD 21 56 62 80 82 80 78 80

* Data are averages (n = 3). A 0.5 g spiked beef tallow sample (0.4 pg/g for each com-
pound) was applied to the present MSPD with KF system. The volume of the eluent
was standardized at 20 mL.

Table II. Elution Volumes of DDTs from MSPD with KF
for DDT-Fortified Animal Fat Samples*

%Recovery
Fraction Volume (mL) DDT DDE DDD
Tst 5 10 22 25
2nd 5 53 42 40
3rd 5 14 15 1
4th 5 6 6 5
Total 20 85 86 81

* Data are averages (n = 5). A 0.5 g spiked beef tallow sample (0.4 pg/g for each com-
pound) was applied to the present MSPD with KF column.
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elution of the nonpolar lipid constitutes with heptane, and the
subsequent elution of DDTs with ethyl acetate-heptane (60:40,
V/v) were easy and smooth.

The described findings result in a rapid and simple method,
with considerable savings in analytical cost as well as extracts
free from interferences for detection and identification as dis-
played in Figures 1A (blank beef tallow) and 1B(DDTs-fortified
beef tallow). Similar HPLC traces were obtained from chicken fat
samples.

In order to evaluate the defatting efficiency of the present pro-
cedure here, the residual sample amount after the MSPD with
KF treatment followed by evaporation was measured as
described previously (22). The obtained efficiency was compared
with those of other MSPD (18) and SPE (19) techniques. The
MSPD or SPE procedure (18) were as follows.

For MSPD, the sample was mixed with 2 g of acidic aluminum
oxide and 1 g of anhydrous sodium sulfate. The mixture was
packed into a syringe barrel. DDTs were directly eluted with 15
mL of heptane without the prewashing.

For SPE, the sample was dissolved in 1 mL of hexane and was
applied to an ISOTUTE-NH,(aminopropyl) SPE column (500-mg
sorbent mass, 3-mL reservoir volume, Internal Sorbent
Technology, Hengoed, Mid Glamorgan, UK). The SPE column
was preconditioned by washing it with 3 mL of hexane. DDTs
were eluted with 3 mL of diethyl ether-hexane (5:95, v/v) (flow-
rate < 3 mL/min).

In this comparative study, beef tallow samples of 0.2 g were
used. These results are given in Table III. For the present MSPD
with KF method, the average amount of residual fat constituents
was 1.96 mg, which is equal to 0.98% of the beef tallow sample
(0.2 g) applied. Similar findings were obtained from the chicken
fat sample. Although the sorbent amount in the MSPD with KF
was half of those in the previous MSPD and SPE, the residual
sample amount of the present MSPD with KF is significantly
lower than those of the previous MSPD and SPE methods (Table
III). The finding indicates that the present MSPD with KF method
possesses the ability to be refined. There was no requirement for
purify from the sample extract obtained from the MSPD with KF

Table I1I. Comparison for Defatting Abilities after the
MSPD and SPE Treatments Using Animal Fat Samples*

Defatting ability

to HPLC, which minimized sample preparation time and elimi-
nated potential sample preparation artifacts.

The present procedure enabled the simple, rapid, economical,
and reliable determination and identification of DDTs by HPLC
with PDA detection. The total time, solvent consumption, and
budget required for the analysis of one sample were: less than 45
min, less than 50 mL (ethyl acetate, heptane, and ethanol), and
roughly $1.72 US funds (1.28 and ¥180 as of 14 March, 2005),
respectively.

Method qualification

The analytical performance parameters assessed for the com-
plete procedure were linearity, accuracy, precision, sensitivity,
and selectivity for each compound and animal fat sample. Blank
animal fat samples (known drug-free) used in these examina-
tions were spiked with standard solutions of the target com-
pound at 0.05, 0.1, 0.4, 1.0, or 5.0 pg/g, respectively. The results
obtained are summarized in Table IV.

A calibration curve was generated by plotting the peak area of
the spiked sample extracts ranging from 0.05-5.0 pg/g. The line
was constructed from five points, and each point represented the
mean of five injections into the present HPLC system. The
resulting correlation coefficients were greater than or equal to
0.997 (P < 0.01), demonstrating significant linearity for the
examined lines.

The average recoveries from samples at three different spiking
levels (0.1, 0.2, and 0.4 pg/g) were 81-85%, with RSDs of 4-8%.
These values are well within the “acceptable criteria” for residue
analysis of the Codex setup. The recommended criteria are as fol-
lows: average recoveries of 80~110% with RSDs less than 15%
when the EMRL for the analyte is greater than or equal to 0.1
ng/g and recoveries of 70-110% with RSDs less than 20% when
the EMRL is 0.01-0.1 pg/g (23).

The quantitation limits (QLs) for DDT, DDE, and DDD were
calculated by measuring the analytical background response.

Residual
amount  Defatting
Sorbent (mg, mean+ ratet
(amount, g) SD,n=3) (%, mean)
MSPD with KF KF (0.2 g) 1.96 £0.08**  99.0
MSPD with ALa$ Acidic aluminum
oxide (2 g) 560+0.11%  97.2
SPE with NH,** Aminoppropyl (0.58)  9.10+0.54** 955

* A 0.2-g beef tallow sample was applied to the present MSPD with KF system.
*100-(Residual amount/sample amount used) x 100.
* There are significant differences among opposite signs (p < 0.01).
§ See the literature (18).
** See the literature (21).

Table IV. Accuracy, Precision, Linearity, and Sensitivity
Data
%Recovery*
Spiked (pg/g) DDT DDE DDD
Beef tallow
0.1 84 (6) 82 (8) 82 (7)
0.2 82 (8) 83 (6) 84 (5)
0.4 85 (6) 85 (6) 81(8)
# 0.999 0.998 0.998
QL (pg/g)t 0.02 0.03 0.025
Chicken fat
0.1 83 (5) 82(7) 81(8)
0.2 81(7) 83 (6) 82 (6)
0.4 84 (5) 85 (4) 82 (6)
r 0.999 0.997 0.998
QL 0.02 0.03 0.025
* Data are average recoveries and their RSDs (n = 5) in parentheses.
* ris the correlation coefficient. Mean from three determinations using spiked samples
for calibration curves, ranging from 0.05 to 5 pg/g.
* QL as the concentration of analyte giving a signal-to-noise ratio > 10.
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Table V. Average DDT, DDE, and DDD Concentrations in
the Real Adipose Tissues of Laying Hens Who Had Been
Treated with DDT

Concentrations (pg/g) (n=3)

DDT DDE DDD

Present method 0.91 033 nd*
Approved method —1* 0.93 0.34 nd
—2¢ 0.93 0.35 nd

*nd = not detected (< 0.025 pg/g).
* See the literature (17) (QL for DDD = 0.05 pg/g).
¥ See the literature (19) (QL for DDD = 0.06 pg/g).

The QL was defined as 10 standard deviation (SD) obtained by
replicate analysis at a subsequently low spiked concentration
(0.1 pg/g). Five different spiked blank animal fat samples known
to be near the QL were analyzed in duplicate. The QLs in beef
tallow and chicken fat samples were less than or equal to 0.03
ng/g, which was far below the tolerance or EMRL of 5 pg/g (Table
V).

The PDA detector chosen provides an easy means of con-
firming peak identity, and it enables the separation and identi-
fication of target compound in the sample by the retention
time and its spectrum. The “identification criteria” of the EU
regulation decision 2002/657/EC for residue analysis in animal
products (24) for the full scan UV-vis detection were accom-
plished for all animal fat samples. The DDTs examined could be
identified in the beef tallow and chicken fat samples by their
retention times and absorption spectra. The DDT, DDE, and
DDD spectra obtained from the beef tallow and chicken fat
samples were practically identical with those of the standards.
The present MSPD with KF technique allowed a reliable confir-
mation.

“Real” samples

In order to prove the validity of the present method for routine
monitoring, adipose tissues with residual DDTs from three White
Leghorn laying hens (aged 30 weeks, and weighing 1.4-1.9 kg),
which were treated with a single oral dose of DDT (1 mg/kg body
weight) were used as “real” samples. The dose was absorbed onto
a small amount of the layer diet and delivered orally, enclosed in
a gelatin capsule. All hens were sacrificed by decaptitation at the
third day after dosing, and adipose tissues were quickly collected.
These samples were used as the real chicken fat.

The quantitative analyses for DDTs in the real samples were
performed by the present method and also by the approved
methods, respectively. The obtained concentrations of DDTs
were summarized in Table V. There are no significant differences
among the data of the four methods. Table V demonstrates that
the present method is valid for routine monitoring (practical
usage).

Monitoring contamination in marketed adipose

Thirty-three different beef tallow or chicken fat samples that
were available in Osaka and Ibaraki, Japan were analyzed by the
present method. No samples contained detectable concentra-
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tions of DDT, DDE, and DDD. The resulting chromatograms
were free from interference.

Conclusion

In the present study, KF-1500, an activated carbon fiber, was
applied as the MSPD sorbent for the determination of residual
chemicals in foods. The proposed MSPD with KF method fol-
lowed by HPLC is a useful tool for routine residue monitoring of
DDT, DDE, and DDD in beef tallow and chicken fat for the fol-
lowing reasons: using MSPD with KF makes easy, rapid, smooth,
effective, and economical sample preparation for the target com-
pounds possible. The procedure has a total analytical time of less
than 45 min/sample and solvent consumption of less than 50
mL/sample.
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