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A rapid method for the isolation and high-performance liquid
chromatographic (HPLC) determination of sulfamethazine 
(SMZ) in pork tissues (kidney, liver, and muscle) without using
organic solvents is developed. The isolation is performed by
homogenization with an acid solution using an ultrasonic-
homogenizer, followed by centrifugation. The HPLC analyses are
performed using a reversed-phase C4 column (150- × 4.6-mm i.d.), 
a mobile phase of 0.02 mol/L citric acid solution, and a photodiode
array detector. The resulting HPLC chromatograms are free from
interferences for determination and identification. The proposed
technique is shown to be linear (r > 0.99) over the concentration
range 0.1–2.0 µg/g for all pork tissues. Average recoveries of SMZ
(spiked 0.1–2.0 µg/g) range from 87.6% to 90.2%, with inter- and
intra-assay variabilities of less than 4%. The total time required for
the analysis of one sample and limit of quantitation is less than 20
min and 0.09 µg/g, respectively. 

Introduction 

Sulfamethazine [4-amino-N-(4,6-dimethyl-2-pyrimidinyl)ben-
zensulfonamide] (SMZ), a drug for exclusive use with swine, is
applied globally for growth-promoting purposes. Therefore, SMZ
residues may be present in marketed pork if the drug has been
improperly administered or if the withdrawal time for the treated
pigs has not been observed. A report that SMZ is a possible car-
cinogen (1) has magnified concerns. The U.S. Food and Drug
Administration; Joint Expert Committee for Food Additives under
command of Codex Alimentrium Commission (CAC); and Japan
Health, Labor, and Welfare Ministry (HLWM) have set a tolerance
or maximum residue limit (MRL) for SMZ in pork tissues at 0.1
ppm (1–3). 

The U.S. Department of Agriculture Food Safety and Inspection
Service and the Agriculture, Fisheries, and Forestry of Australia
have reported the results of monitoring for sulfonamide residues
in marketed pork in 1998 (4) and 1999 (5). Both of these studies

showed that market pork tissues had the highest incidence of
SMZ residues, which is consistent with monitoring data of
domestic and imported pork in 1995–2000 for the Japanese port
quarantine station. The drug that was found in pork was only
SMZ. A rigid residue monitoring of SMZ in pork tissues is there-
fore an important specific activity to guarantee the food safety. 

Discharging of waste containing organic solvents is also a
severe problem on the world-wide scale. From the viewpoint of
the effect of organic solvents to environments and analysts, ana-
lytical methods for monitoring should help to avoid the use of
organic solvents (6–9). 

Presently, regardless of industrial nations or developing states,
an international and harmonized method for the drug residue
monitoring in pork tissues is required (10). The acceptable
method must be rapid, accurate, precise, reliable, portable, eco-
nomical in cost and time, capable of determining residues below
the tolerance/MRL, and environmentally friendly.

There have been significant developments in recent years in
techniques for the determination and identification of sulfon-
amide residues in animal tissues using high-performance liquid
chromatography (HPLC) interfaced with UV (11–13), photodiode
array detection (PDAD) (14–16), fluorescence detection (17,18),
or mass spectrometry (MS) [liquid chromatography (LC)–MS]
(12,13,19,20). These methods have such problems as (a) the
extraction and clean-up involves varying analytical steps that are
time consuming and do not permit the monitoring of a large
number of samples, (b) the recoveries are sometimes low and
variable, and (c) the methods—especially LC–MS—give low peak
resolution (13,20). There is presently no acceptable and harmo-
nized analytical method for SMZ. 

This paper describes an epoch-making method that enables
rapid and simple determination of SMZ residues in pork tissues
without the use of any organic solvents. Determination is per-
formed by HPLC equipped with a PDAD, which simultaneously
measures the retention time and absorption spectrum. The target
peak component can be instantly identified. The PDAD provides
information regarding both the identity and purity of chromato-
graphic peaks and can be readily and routinely used. 
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Experimental

Reagents and materials
The SMZ standard was obtained from Sigma (St. Louis, MO).

Other chemicals were purchased from Wako Pure Chem (Osaka,
Japan). Distilled water was of HPLC grade. A stock standard solu-
tion of SMZ was prepared by accurately weighing 10 mg and dis-
solving it in 100 mL distilled water. The working standard
solutions were prepared by diluting the stock solution with dis-
tilled water. A 10% (v/v) perchloric acid (PCA) solution that was
diluted with distilled water was used as the extraction/deprotein-
zation solution. The following apparatuses were used in the
sample preparation: a model HOM-100 ultrasonic-homogenizer
with a 2-mm-i.d. probe (Iwaki Glass Co., Funabashi, Japan), a
Biofuge fresco microcentrifuge (Kendo Lab Products, Hanau,
Germany), and a Dismic 13HP 0.45-µm hydrophilic disposable
syringe filter  unit (Advantec Toyo Roshi, Tokyo, Japan). The fol-
lowing three Mightysil RP GP (5 µm) reversed-phase columns
were used: column A, an RP-18 GP Aqua (C18) (250- × 4.6-mm
i.d.); column B, an RP-4 GP (C4) (250- × 4.6-mm i.d.); and column
C, an RP-4 GP (5 µm, 150- × 4.6-mm i.d.). The columns were pur-
chased from Kanto Chem. (Tokyo, Japan).

HPLC 
The HPLC system consisted of a Model PU-980 pump and DG-

980-50 degasser (JASCO, Tokyo, Japan) equipped with an SPD-
M10A VP PDAD (Shimadzu, Kyoto, Japan). The operating
conditions were as follow: analytical column, column C
(described previously) equipped with a guard column (5- × 4.6-
mm i.d.) (Kanto Chem.) containing the same packing material;
isocratic mobile phase, 0.02-mol/L citric acid solution (in distilled
water); flow rate, 1.0 mL/min; column temperature, ambient; and
injection volume, 20 µL.

Procedure 
Pork tissues (kidney, liver, and muscle) were minced fully and

used as the blank samples. An accurately weighed 0.2-g sample
was inserted into a microcentrifuge tube and homogenized in 0.4
mL of 10% (v/v) PCA solution with an ultrasonic homogenizer for
1 min. After 1 min, the capped tube was centrifuged at 12,000-g
for 5 min. The supernatant liquid was filtrated through a 0.45-µm
disposable syringe filter unit, and the filtrate was injected into the
HPLC system.

Recovery test 
The recoveries of SMZ from blank samples spiked at 0.1, 0.2, 0.4,

1.0, and 2.0 µg/g, respectively, were determined. These fortifica-
tion concentrations were prepared by adding 10 µL of five mixed
standard solutions of the mentioned drug (20, 40, 80, 200, and 400
µg/mL, respectively) to separated 2-g portions of the sample.
Fortified samples were allowed to stand at 4°C for 12 h after the
standards addition, and they were then mixed prior to workup. The
average relative standard deviation (RSD) determined for each
spiked concentration was then calculated, which resulted in a
mean ± standard deviaition (SD). This was defined as interassay
variability. Intra-assay variability was defined as the RSD for the
mean of five replicates of an identical sample and represents the
variability associated with the analytical procedure used.

Results and Discussion

One aim of this work was to develop a technique that SMZ in
pork tissues can be to analyzed without the use of any organic 
solvents.

Extraction 
In the bioanalytical and analytical chemistry fields, a strong

solution of trichloroacetic acid (TCA) or PCA is more commonly
used as the protein precipitant in biological matrices, which
results in protein removal. Because TCA (an organic halogenated
compound) is an environmental pollutant and interfered with UV
absorption at the wavelength used for HPLC analysis of SDZ, PCA
was used as a solution in the extraction and deproteinzation.

The extraction operation using an ultrasonic homogenizer,
which is easy-to-use and portable, yielded rapid and easy extrac-
tion of target compound in pork tissues. This operation did not
lead to residue loss caused by the “flying off” of the tube content.
Furthermore, the extract did not form an emulsion that would
hinder SMZ recoveries. After centrifugation, SMZ was completely
recovered in the supernatant liquid. The extract did not need fur-
ther purification for the HPLC analysis, as can be seen in Figure 1.

The established procedure did not require complicated extrac-
tion and cleanup operations, was easy to use, did not require the
use of organic solvents, and had a shorter operation time, which
resulted in high recovery and reproducibility with considerable
saving of analysis costs. The time required for one sample prepa-
ration was less than 10 min. 

Figure 1. HPLC chromatograms obtained from pork tissue samples (PDAD set
at 267 nm). (A) spiked kidney (SMZ, 0.4 µg/g); (B) blank kidney; (C) blank
liver; and (D) blank muscle. Peak 1 is SMZ (retention time = 5.9 min). 
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HPLC optimal conditions
Considering the reversed-phase C18, C8, and C4 nonpolar sor-

bents, which were the columns for the HPLC separation, the C4

was less retentive than C18 and C8 sorbents when retention was
based on nonpolar interactions alone. When the C18 and C8 sor-
bents require larger volume of strong elution solvents as the
mobile phase, the C4 would remarkably reduce the volume of elu-
tion solvents required and provide a more concentrated and
cleaner separation.

The author has previously reported acceptable determination of
SMZ, or sulfadimethoxine, by HPLC using RP C18 (Mightysil RP-
18 GP Aqua 250- × 4.6-mm i.d.) (column A) and RP C4 (Mightysil
RP-4 GP, 250- × 4.6-mm i.d.) (column B) columns and
ethanol–water as the mobile phase (16,21). In order to optimize
the separation, the mentioned columns and a Mightysil RP-4 GP
column (150- × 4.6-mm i.d.) (column C) with a citric acid solu-
tion as the mobile phase were tested and compared with regard to
the separations: SMZ from interfering peaks of resulting extract
origin and a sharp peak obtained upon injection of equal
amounts. Mobile phases with molarities of citric acid between
0.005 and 0.2 mol/L were tested. Under the mobile phase exam-
ined over the range, SMZ was hardly eluted from column A, the
SMZ peak was easy to detect as a significant broadening peak on
column B, SMZ peak was eluted from column C, and its retention
decreased with increasing molarities of citric acid used as the
mobile phase.

A chromatogram with the complete separation of the target
compound, its clear–sharp peak, and its short retention time (5.9
min, Figure 1A) was obtained using column C, the Mightysil RP-
4 GP column (150- × 4.6-mm i.d.), and an isocratic mobile phase
of 0.02 mol/L citric acid solution. The monitoring wavelength was
set at 267 nm because the maximum absorption of SMZ dissolved
in the mobile phase was 267 nm, which was determined by PDAD.

Figure 1 indicates that the resulting chromatograms are free
from interfering compounds for quantitation and identification
by HPLC with a PDAD. HPLC combined with the PDAD easily
confirms peak identity. The SMZ examined was identified in the
sample with its retention time and absorption spectrum. The pre-
sent sample preparation allowed for a reliable confirmation.

Using a spiked (SMZ 0.4 µg/g) pork kidney tissue sample
obtained under the established procedure, the chromatographic
repeatability was obtained from the RSDs of areas and retention
times calculated for ten replicate injections of the spiked sample.

The values were 0.08% for area and 0.54% for retention time,
respectively.  

The total time required for the analysis of one sample was less
than 20 min. The rapid and harmless method without the use of
organic solvents could be achieved. 

Method qualification 
Table I summarizes the recoveries from pork tissue samples at

five different spiking levels, the correlation coefficient (r) of cali-
bration curve, and inter- and intra-assay variabilities of target
compound isolated from spiked pork tissue samples. Overall,
excellent recoveries and assay variabilities were obtained.

Average recoveries were 87.6–90.2%, with SDs between 3.0%
and 3.6%. Inter- and intra-assay variabilities ranged from 2.6% to
3.8%. These values are well within acceptable criteria for the anal-
ysis methods that the Codex setup (i.e., average recoveries of
80–110% with RSDs < 15% when the MRL for the analyte is ≥ 0.1
ppm) (10).

Calibration was performed by linear regression analysis of peak
areas of spiked sample extracts ranging from 0.1 to 2.0 µg/g
versus their concentrations. The curve was constructed from five
points, and each point represented the mean of five injections.
The resulting curves were linear in the concentration ranges
0.1–2.0 µg/g for SMZ in the kidney, liver, and muscle, with r
values of greater than 0.99 (P < 0.01). 

Using the peak areas in HPLC chromatograms obtained from
blank and spiked pork tissue samples, the limits of quantitation
(LOQs) for pork kidney, liver, and muscle, respectively, were cal-
culated as follow: ten times the SD obtained by replicate analysis
at a sufficiently low spike concentration. Five different blank pork
samples known to be near the LOQ were analyzed in duplicate. In
a practical analysis for the residue monitoring, the LOQ was cal-
culated to be 0.09 µg/g for all of the pork tissues (Table I).

Conclusion

The present study has developed a clean and rapid method
without using organic solvents for determination and identifica-
tion of SMZ in pork tissues (muscle, liver, and kidney) using
HPLC interfaced with a PDAD. The main advantages of proposed

procedure are summarized as follows: (a) by
extraction using an ultrasonic homogenizer fol-
lowed by high-speed centrifugation, the sample
preparation is especially easy and rapid and is able
to recover SMZ effectively; (b) shorter analysis
time, for which the total time required for the
analysis of one sample was < 20 min and econom-
ical; (c) the proving that the recoveries were
reproducible , repeatable (the inter- and intra-
assay variabilities were 2.6–3.8%), and econom-
ical; and (d) no organic solvents were used at all,
which means that this is harmless to the environ-
ment and to humans. The present procedure may
be useful as an international and harmonized ana-
lytical method for routine residue monitoring of
SMZ in pork tissues.

Table I. Accuracy, Precision, and Sensitivity Data for SMZ-Fortified Pork
Tissues

%Assay variability

Interassay Intra-assay LOQ 
Sample Calibration curve* %Recovery† (n = 25) (n = 5) (µg/g)‡

Kidney 0.998 ± 0.002 88.8 ± 3.3 3.1 ± 0.7 3.0 0.09
Liver 0.999 ± 0.001 90.2 ± 3.6 3.4 ± 0.6 2.6 0.09
Muscle 0.998 ± 0.001 87.6 ± 3.0 2.7 ± 0.4 3.8 0.09

* r ± SD, n = 5. Mean of five determinations using spiked pork samples for calibration curve (range of concentration
was 0.1 – 2.0 µg/g), and r is the correlation coefficient. 

† Mean ± SD, n = 25. Five replicates at concentrations ranging from 0.1 to 2.0 µg/g (at 5 levels). 
‡ Limit of quantitation. 
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