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Abstract We report on a method for trace analysis of the
narcotic drugs alfentanil, fentanyl, and sufentanil in plasma
and urine. Two–phase hollow fiber liquid–phase micro-
extraction was combinedwith GC using nitrogen–phosphorus
detection. Experimental parameters were optimized to give a
viable analytical procedure whose limits of detection range
from 8 to 15 ng L−1 (at an S/N of 3). The calibration curves
are linear between 0.1 and 50 μg L−1, with squared
correlation coefficients (r2) between 0.9953 and 0.9979.
Precision values range from 2.4% to 3.3% (intra–day RSD)
and 3.2 to 6.3% (inter–day RSD). The relative recoveries
varied from 27.8% to 84.6% (for spiked plasma) and 75 to
85.2% (for spiked urine). The method consumes little
solvent, is simple, fast, inexpensive, and well suitable for
the analysis of complicated matrices.
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Introduction

Fentanyl, alfentanil and sufentanil are synthetic opioid and
known in the drug scene have been shown to be much more
potent than morphine derivatives. They are widely used for
the purpose of neuroleptic analgesia and sedation during
preoperative, induction, maintenance, and postoperative

surgical periods. Sufentanil is the most potent of the series
and is about 2,000 times more potent than morphine [1].
Alfentanil and fentanyl exhibit about 30 and 100 times the
potency of morphine, respectively [2, 3]. Due to their
efficacy at low dosages, blood and urine concentration of
these drugs are below the limit of detection of most assay
methods. Therefore, the detection of very low concentration
(at ng L−1 level) of the compounds from analgesic doses is
important.

Several analytical methods have been applied to determine
fentanyl, sufentanil and alfentanil in biological samples.
Radioimmunoassay and enzyme–linked immunosorbent
assay have been used for detection at ng L−1 level. However,
lack of selectivity and poor precision are among the main
disadvantages of these techniques [4–7]. GC–NPD [8],
HPLC–UV [9], GC–MS [10–13] and LC–MS/MS [14] have
also been developed. However, due to low concentration of
the analytes in urine and plasma, a sample preparation and
cleanup step must be performed before determination.
Liquid–liquid extraction (LLE) and solid phase extraction
(SPE) combined with HPLC [15], GC [16] or GC–MS [17,
18] have been used successfully to determine narcotic drugs
in biological fluids. Although these techniques provide
adequate analyte enrichment, they are time consuming and
require large volumes of toxic solvents.

In recent years, different microextraction techniques
such as solid–phase microextraction (SPME) and liquid–
phase microextraction (LPME) have been introduced as
alternatives to LLE and SPE [19, 20]. SPME and LPME
have been successfully applied for the analysis of a wide
range of analytes in various matrices [21–26]. Hollow fiber
liquid–phase microextraction (HF–LPME) has originally
been introduced by Pedersen–Bjergaard and Rasmussen
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[27] in 1999 with its basic principles having been clearly
described in several reviews [28–30]. In one of the possible
configurations, (two phase HF–LPME), analytes are
extracted from an aqueous solution through pores of a
porous hollow fiber of polypropylene into a small volume
of an organic solvent, which can be directly analyzed via
GC. The method is almost solvent free, simple, and fast. Of
course, some drawbacks, such as air bubble formation on
the membrane surface, poor reproducibility because of
manual cutting and sealing of the hollow fiber have been
reported for HF-LPME [28–30].

Despite advantages and wide uses of HF–LPME, It has
not been used for analysis of fentanyl, sufentanil and
alfentanil. The aim of this work is develop a method for
simultaneous determination of three narcotic drugs
(fentanyl, sufentanil and alfentanil) at sub ppb level in
plasma and urine samples by HF–LPME and GC–NPD.

Experimental

Chemicals and reagents

Fentanyl citrate, alfentanil hydrochloride, and sufentanil citrate
were obtained from Tofigh Daru (Tehran, Iran, www.tofigh
darou.tapic.co.ir). Stock standard solutions of individual
compounds were prepared in methanol (alfentanil, fentanyl,
and sufentanil with concentrations of 860, 760 and 940mg L−1,
respectively). An intermediary standard solution at a
concentration of 100 mg L−1 was prepared by diluting the
standard solution in methanol. More diluted working solutions
were prepared daily by diluting the intermediary standard
solution with pure water. Water samples were prepared by
spiking pure water with analytes at known concentrations to
study the extraction performance under different conditions.
The stock solution of internal standard (I.S.) was prepared by
dissolving 9.9 mg of trioctylamine in 10 mL methanol. All
solutions were stored at 4 °C prior to use. HPLC–grade
methanol, water and acetone were purchased from Caledon
Laboratories (Georgetown, Ont., Canada, www.caledonlabs.
com). Diphenyl ether, n-decane, 1,2,4-trimethylbenzene,
n-octanol, and hexyl acetate were supplied from Merck
(Darmstadt, Germany, www.merck.com).

The pH of water samples was adjusted with sodium
hydroxide (Merck). Other reagents and solvents were also
purchased from Merck.

Instrumentation

A SP–3420 gas chromatograph equipped with a split/
splitless injector and a nitrogen phosphorus detector
(BFRL, Beijing, China, www.bfrl.com.cn) was used.
Nitrogen (99.999%) was used as a carrier and make–up

gas. The carrier and make–up gas flow rate were set at 2
and 30 mL min−1, respectively. The components were
separated using a DB–35MS, 30 m×0.25 mm, capillary
column with a 0.15 μm stationary phase thickness (J&W
Scientific, Folsom, CA, USA, www.jandw.com). The
injector and detector temperatures were set at 260 and
300 °C, respectively. The column was initially maintained
at 110 °C, held for 1 min; subsequently, the temperature
was increased to 280 °C at a rate of 30 °C min−1 (3 min
hold) and was increased to 300 °C (25 °C min−1) and held
for 3 min. Hydrogen and air flow for NPD were adjusted at
5.5 and 175 mL min−1, respectively. The NPD bead was
turned on 5 min after injection.

HF–LPME procedure

Q3/2 Accurel polypropylene hollow fiber membrane (600 μm
inner diameter, 200 μm wall thickness and 0.2 μm pore size)
was purchased fromMembrana GmbH (Wuppertal, Germany,
www.membrana.com). Hollow fibers were cut into 1 cm
pieces, washed with acetone in ultrasonic bath to remove any
contaminants and dried. A 3-mL sample solution containing
NaOH (0.005 M) spiked with an appropriate amount of
studied compounds was introduced in a 4 mL glass vial. The
vial was placed on a digital magnetic stirrer (MR 3000D,
Heidolph, Germany, www.heidolph.com). The needle tip of
a 25-μL microsyringe was inserted into the hollow fiber and
the lumen of the fiber was filled with hexyl acetate
containing internal standard. The open end of the fiber was
sealed with the aid of a tweezers. The fiber was then
immersed in hexyl acetate for about 30 s to impregnate pores
of the fiber and then rinsed with water by being inserted in
water for 10 s in order to remove excessive organic solvent.
Extraction of the analytes from the sample solution to the
solvent within the fiber was performed under solution
stirring at 1,000 rpm for 15 min at room temperature. After
extraction, the fiber was taken out, the end was cut and the
organic solvent was withdrawn into the syringe. The hollow
fiber was detached and discarded. The extract was injected
into the GC in splitless mode.

Real samples

Drug-free urine sample was obtained from a healthy person
while drug-free plasma was obtained from blood transfusion
organization (Isfahan, Iran) and thawed at room temperature
before use. To eliminate particulate matters, the samples were
filtered through a 0.45-μm nylon membrane filter (Millipore,
Bedford, MA, USA, www.millipore.com). The NaOH
concentration of the sample was adjusted at 0.005 M and
extracted using the HF–LPME procedure. In the case of
plasma samples, in order to reduce the matrix effects, the
sample was diluted with pure water (1:1) before extraction.
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Results and discussion

Optimization of HF–LPME conditions

To obtain the best sensitivities, different parameters
affecting HF–LPME were investigated. These parameters
include organic extraction solvent, NaOH concentration in
sample solution, ionic strength, stirring rate, extraction
time, and temperature. All determinations were based on
the relative peak area of analytes to the internal standard,
from the average of three replicate measurements.

Selection of the extraction solvent

Careful attention should be paid to the selection of the organic
solvent immobilized in the pores of the hollow fiber, which is
a significant factor for HF–LPME. The range of solvents
suitable for use with hollow fiber membranes is limited as the
solvent should be easily immobilized in the fiber pores,
immiscible with water, have low volatility to prevent solvent
loss during extraction, and be compatible with the GC system.
Several different organic solvents, such as n-decane, diphenyl
ether, hexyl acetate, n-octanol, and 1,2,4-trimethylbenzene
were investigated in this study. To evaluate extraction
capability of the solvents, HF–LPME was performed using
different solvents for 15 min. Water samples were spiked
with the analytes at 0.3 mg L−1 concentration level. The
organic solvents contained trioctylamine (I.S.) at 5 mg L−1.
The results showed that hexyl acetate gave better extraction
efficiency (Fig. 1).

Although n-octanol is almost the most used extraction
solvent in solvent microextraction techniques [24, 26, 28],
it has lower extraction efficiency than that of the hexyl
acetate utilized in this work. Our previous studies [31, 32]

also confirm suitability of hexyl acetate as an extraction
solvent compared to other organic solvents used in SDME
and LPME methods. At the same time, it has very low
toxicity compared to other common organic solvents such
as octanol, toluene, dodecane and benzene. Consequently,
hexyl acetate was selected as the extraction solvent in
further experiments.

NaOH concentration of sample solution

For the aqueous solution containing acidic or basic drugs,
the donor solution pH is adjusted to neutralize the analytes
and thereby affect their water solubility and extractability
into the organic solvent. Drugs used in this study are basic;
therefore, the pH of the aqueous solution should be higher
than their pKa. To study the effect of sample basicity, the
NaOH concentration was varied between 0.0005 and
0.05 M. Extraction efficiency increased with increasing
NaOH concentration up to 0.005 M. The decrease in the
response at higher NaOH concentration (>0.005 M) could
be attributed to the increasing ionic strength of the sample
solution by increasing NaOH concentration [9]. Based on
the results, 0.005 M of NaOH was selected for the
subsequent analysis.

Salt addition

To investigate the influence of sample ionic strength on the
affinities of analytes toward the organic solvent, different
amounts of NaCl (0–35% (w/v)) were added into the
solution. As can be seen in Fig. 2, increasing salt
concentration led to a decrease in the extraction efficiency
of fentanyl and sufentanil. For alfentanil, the extraction
efficiency appeared to reach a maximum at a NaCl

Fig. 1 Effect of solvent type
on HF–LPME. Extraction
conditions: concentration of
analytes: 0.3 mg L−1; sample
volume: 3.0 mL; NaOH
concentration as donor solution:
0.005 M; without salt addition;
stirring rate: 1,000 rpm;
extraction time: 15 min;
room temperature
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concentration of 0.2 g mL−1 and subsequently decreased
with increasing salt content. Addition of salt has a mutual
effect [33, 34]. First, it might change the physical properties
of the Nernst diffusion film and reduce the diffusion rate of
the target compounds into the extraction solvent. Second,
it can improve the extraction efficiency of the analytes
due to salting out effect. Therefore, depending on the
dominating factor, the extraction efficiency would either
increase or decrease. Based on the above experimental
data, all the following experiments were carried out
without adding salt.

Stirring rate

Stirring the solution facilitates the mass transfer process and
reduces the time required to reach thermodynamic equilibrium
and thereby, increases the extraction efficiency. Therefore, in
order to obtain the best sensitivity, stirring rates between 600
and 1,200 rpm were evaluated. The relative peak area of the
analytes increases with increasing the stirring rate up to

1,200 rpm (the highest speed that could be achieved by the
magnetic stirrer). In order to achieve better precision, the
stirring rate of 1,000 rpm was selected for subsequent
extractions.

Sample temperature

Temperature has a significant influence on both kinetics
and thermodynamics of the extraction process. High
temperature increases the diffusion rate of the analytes
and reduces the time required for reaching equilibrium.
On the other hand, with increasing temperature, the
distribution constant of analytes to the organic phase are
decreased. In addition, depletion of the organic solvent
may occur at a higher temperature and thus extraction
efficiency would be diminished [32, 35]. To evaluate the
effect of extraction temperature, the sample temperature
varied in the range 25–55 °C. The highest relative
responses for all the compounds were obtained at room
temperature (25 °C).

Fig. 2 Effect of ionic strength
on HF–LPME. Extraction
conditions: concentration of
analytes: 0.3 mg L−1; sample
volume: 3.0 mL; organic
solvent: hexyl acetate; NaOH
concentration as donor solution:
0.005 M; stirring rate:
1,000 rpm; extraction time:
15 min; room temperature

Table 1 Linear calibration range, squared correlation coefficient, precision, detection limit and enrichment factor for HF-LPME-GC-NPD of the
narcotic drugs

Compound Linear range (μg L−1) r2 LODa (ng L−1) EFb RSD%

Intra-dayc Inter-dayd

Alfentanil 0.1–50 0.9973 12 35 2.7 3.2

Fentanyl 0.1–50 0.9979 8 64 3.3 6.3

Sufentanil 0.1–50 0.9953 15 55 2.4 6.1

a Limit of detection for kSb/m (k=3)
b Enrichment factor
c Intra-day repeatability was calculated by analyzing water samples spiked at 1 μg L−1 within 1 day (n=5)
d Inter-day repeatability was calculated by analyzing water samples spiked at 1 μg L−1 over a period of 3 day (n=3)
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Extraction time

HF–LPME is based on the equilibrium of analytes between
the organic solvent in the hollow fiber, and the sample
solution. To extract the maximum amount of analytes, the
effect of extraction time in the yield of the method was
studied. Therefore, extractions were carried out at 5, 10, 15,
and 20 min. The relative peak area increased with the
increasing of extraction time up to 15 min. After 15 min,
peak intensity was decreased. This is probably due to
solvent loss and air bubble formation at the fiber surface
[36]. The creation of air bubbles on the surface of the
hollow fiber reduces the transport rate of analytes into
organic solvent and decreases the amount of analytes
extracted. According to the results, 15 min was selected
for extraction time in subsequent studies.

Method evaluation

The optimum HF–LPME parameters were selected as:
3.0 mL sample solution, 1 cm porous hollow fiber
immobilized with hexyl acetate as the organic solvent,
0.005 M NaOH as donor solution, 1,000 rpm stirring rate,
15 min extraction time, without salt addition at room
temperature. To evaluate the practical applicability of the
HF–LPME technique, analytical performance data of the
method (i.e. linearity, precision, enrichment factor, and
detection limit) were investigated under the optimal conditions.
The results are shown in Table 1.

Enrichment factor

HF–LPME is a non–exhaustive extraction method which is
not expected to obtain high enrichment factor. The EF was
calculated using the following equation:

EF ¼ CAP

CDP

Where CAP and CDP are the final and initial concentrations
of the analyte in the extraction solvent after HF-LPME and
donor phase, respectively. The enrichment factors were
obtained by three replicate extractions of water samples spiked
at 5 μg L−1 of the analytes. Under the optimal conditions, the
results indicate that EFs were between 35 and 64.

Linearity, precision, and detection limit

The linearity of calibration curves was evaluated by spiking
deionized water over a concentration range of 0.1–50 μg

Table 2 Analytical results of the narcotic drugs in real samples for
HF-LPME-GC-NPD

Compound Sample RRa% RSDb (%) r2

Alfentanil Plasma 84.6 10.9 0.9962

Urine 85.2 8.6 0.9920

Fentanyl Plasma 40.6 11.8 0.9936

Urine 75 9.8 0.9938

Sufentanil Plasma 27.8 9.8 0.9901

Urine 80 9 0.9865

a Relative recovery was calculated by analyzing plasma and urine
samples spiked at 4 μg L−1

b Repeatability was calculated by analyzing plasma and urine samples
spiked at 4 μg L−1 within 1 day (n=5)

Fig. 3 Obtained chromatograms
of the three narcotic drugs after
HF–LPME of blank and spiked
plasma sample at 4 μg L−1
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L−1 for all compounds. All of the analytes show good
linearity with squared correlation coefficient (r2) ranging
from 0.9953 to 0.9979. The intra- and inter-day precision of
the developed method was studied in terms of the relative
standard deviations (RSDs). The intra-day precision was
studied for five replicate extractions of spiked deionized
water samples containing 1 μg L−1 of the analytes. The

inter-day precision of the method was carried out by
performing three consecutive extractions each day over a
period of three working days. Intra–day RSDs ranged
between 2.4% and 3.3%, and inter–day RSDs ranged
between 3.2% and 6.3%. The limits of detection (LODs),
being calculated with S/N=3 on the basis of peak-to-peak
noise, were in the range of 8–15 ng L−1.

Fig. 4 Obtained chromatograms
of the three narcotic drugs after
HF–LPME of blank and spiked
urine sample at 2 μg L−1

Table 3 Comparison of the proposed method with other extraction methods for the determination of narcotic drugs in biological samples

Method Analyte Sample LOD (μg L−1) RSD% Calibration range
(μg L−1)

Extraction
time (min)

Reference

HS-SPME-GC-
NPDa

Fentanyl Urine 1.4 9.0 20–10,000 30 [8]

HS-SPME-GC-
MS

Fentanyl Human
Plasma

0.03 <5 0.01–3,000 30 [38]

SDLLLME-
HPLC-UVb

Fentanyl Plasma 0.1 <9 0.5–1,000 50 [9]
Urine

Water

SPE-GC-MS Fentanyl, Alfentanil, Sufentanil Urine 0.0025–0.0075 <10 0.001–0.02 – [12]
0.005–0.1

LLE-LC-MS-
MSc

Fentanyl Plasma 0.1 <6.2 0.02–10 – [14]
Urine 0.1–50

DI-SPME-GC-
MSd

Fentanyl Plasma 0.1 <2.3 1–50 30 [13]

HFLPME-GC-
NPDe

Fentanyl, Alfentanil, Sufentanil Plasma 0.008−0.015 2.7–6.1 0.1–50 15 This method
Urine

a Headspace solid phase microextraction–gas chromatography–nitrogen phosphorus detection
b Single drop liquid–liquid–liquid microextraction–high–performance liquid chromatography–UV detection
c Liquid–liquid extraction- liquid chromatography–tandem mass spectrometry
d Direct immersion solid phase microextraction–gas chromatography–mass spectrometry
e Hollow fiber liquid phase microextraction–gas chromatography–nitrogen phosphorus detection
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Biological samples

In order to investigate the capability of the method in
analyzing real samples and the effect of sample matrix on
the determination of narcotic drugs, the present LPME
method was used for the analysis of biological samples.
Analysis was performed by four-point standard addition
technique with the plasma and urine samples being spiked
with a mixture of the analytes at a concentration level
between 0.2 and 2 μg L−1. As shown in Table 2, a good
linear relationship between spiked amounts and the relative
peak area of all the analytes was observed. To evaluate the
relative recovery (RR%) and RSDs, the samples were
extracted after being spiked with 4 μg L−1 of the studied
compounds. The relative recoveries of the analytes in the
samples were obtained from the following equation:

RR% ¼ 100 A1� A2ð Þ=A3

Where, A1, A2 and A3 are peak areas of the analyte in
spiked sample extract, unspiked sample extract and spiked
distilled water extract, respectively. The relative recoveries
obtained by the method (Table 2) were higher than 75% for
urine sample with a relative standard deviation lower than
9.8%. This demonstrates that the influence of the matrix was
not significant for the analysis of the analytes in urine
samples. For alfentanil determination in plasma sample, RR%
is 84.6. However, the relative recovery obtained for fentanyl
and sufentanil are relatively low (40.6 and 27.8, respectively).
The low recovery obtained for these two compounds may be
attributed to the high degree of protein binding [29, 37]. To
release the drugs from the protein, sample pH must be
adjusted at alkaline region to deionize the analytes. However,
for some drugs the addition of methanol (5–50% (v/v)) was
required to eliminate drug-protein interaction and obtain high
recoveries [29, 37]. In LPME method the addition of
methanol into the donor solution could lead to very low
recovery due to the increase in water solubility of the analytes
and dissolution of organic solvent. Despite the low extraction
recovery of fentanyl and sufentanil from plasma samples,
because of high sensitivity of the NPD, the method detection
limits are still low enough to determine the analytes in plasma
samples. On the other hand, acceptable RSDs and good
correlation coefficients obtained by the method for plasma
samples (lower than 11.8%) ensure a precise analysis.

The chromatograms obtained for non-spiked and spiked
plasma and urine samples at 4 and 2 μg L−1 of the analytes,
respectively, are shown in Figs. 3 and 4. None of the
analytes were found in the samples. The raise in the
baseline is mainly due to establishing thermal equilibrium
of the bead after turning on. In addition, bleeding of the
column is increased as the temperature increases.

Conclusions

A HF–LPME–GC–NPD method was developed for the
extraction and determination of three narcotic drugs in human
plasma and urine without any additional sample pretreatment
step such as protein precipitation, centrifugation, etc. Matrix
components of the real samples do not interfere with
quantitation of the analytes. The method exhibited good
linearity, precision, and detection limit. At the same time, it
was fast, simple, sensitive, inexpensive, and allowed sample
extraction and clean-up to be done in a single step. The present
LPME sample preparation method offers good potential as a
feasible alternative to LLE, SPE and SPME techniques for the
extraction of the analytes in plasma and urine samples.
Compared with the above mentioned extraction methods
(Table 3) for the preparation of urine and plasma samples, the
presented HF-LPME method enjoyed numerous merits such
as simplicity, low cost, easy/fast operation and low detection
limits. Despite the fact that recoveries obtained for plasma
sample were relatively low, the sensitivity of the method was
good enough for the determination of the analytes.
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