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1. Introduction

In many parts of the world and in particular in third-world
countries diseases and health problems have often been caused by
discharging untreated or inadequately treated wastewater. Water
polluted with toxic compounds has serious negative impact on all
living creatures and water used for drinking, household consump-
tion, recreation, fishing, transportation, agriculture and commerce.
So, the determination of trace amounts of organic pollutants in
water samples has been one of the major challenges in the last few
decades. Nitrobenzenes as carcinogenic pollutants are member of
persistent organic pollutants (POPs) and show particular char-
acteristics such as toxicity and persistency within ecosystems [1–
5]. Nitrobenzene (NB) is an important organic material and has
been widely adopted in the manufacture of intermediates in
chemical synthesis industries for producing raw materials such as
aniline, quinoline, azobenzene and trinitrotoluene. These com-
pounds are used in making explosive materials, rubber, pesticides,
agricultural chemicals and solvents for coating materials and dyes.
Many studies have reported that NB is ubiquitous in the
environment and organisms in many animals and humans [6–
8]. Main contamination sources of surface and waste waters by NB
are oil spills, industrial and municipal discharges and air input
[6,9]. A large proportion of NB which is generally discharged into
wastewater treatment plants is difficult to remove by conventional

treatment processes and causes more pollution in the surrounding
aquatic environment [10,11]. The high eco-toxic and ubiquitous
character of NB and its derivatives are potential threats to the
ecosystem and human health [12,13]. Environmental protection
agencies (EPAs) in many countries regard NB as a ‘‘pollutant of
main concern’’ [6,13] and have been classified as one of the 129
priority pollutants by the United State environmental protection
agency (USEPA) [14,15]. Some aromatic compounds such as NB
remain in the environment for relatively long periods of time. The
half-life of NB in the atmosphere is approximately 4 months [16].
The above-mentioned hazard characteristics of NB and its
derivatives are a challenging problem to devote more attention
on determining and monitoring these hazardous compounds in
aqueous environments.

Several diverse methods were applied for the determination of
nitrobenzenes in environmental samples. Amongst these are
ultraviolet spectrophotometry (UV) [17], fluorescence quenching
[18–20], high performance liquid chromatography (HPLC) [21–25],
gas chromatography (GC) [26–31], capillary electrophoresis (CE)
[32] and electrochemical methods [33–40]. Some of these
techniques suffer from interferences and matrices. On the other
hand, low level of these constituents makes their determination a
difficult task.

Solid-phase extraction (SPE) is superior to other extraction
methods like liquid–liquid extraction (LLE) in different terms such
as higher selectivity, extractability, reproducibility without
emulsion formation. Different synthetic and natural SPE adsor-
bents (such as C18 materials, nanoparticles, zeolite resins, silica,
activated carbon and clays) are used for separation of toxic
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This study introduces a novel analytical method for the determination of nitrobenzene (NB) and 1,3-

dinitrobenzene (DNB) from an aqueous solution using high performance liquid chromatography (HPLC)

and anthracite as adsorbent for pre-concentration. The method showed good linearity for determination

of NB and DNB concentrations in the range of 0.10–200 mg L�1 with regression coefficients better than

0.9995. Limits of detections (LOD) were 0.010 and 0.055 mg L�1 for DNB and NB, respectively. Relative

standard deviations (RSD) for 0.50 mg L�1 and 150 mg L�1 were in the range of 2.0–3.8% for (DNB) and

3.0–4.8% for (NB).
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compounds [17,22,23,31]. Some of these adsorbents suffer from
multistep treatment and modification processes. Therefore, it
would be beneficial to find, develop and design new SPE
adsorbents that require minimum treatment steps [41,42].

Anthracite (ANTC) is a hard and compact type of mineral coal
that has a high luster and also high carbon content. It has fewest
impurities and bituminous coal and lignite. ANTC is the most
metamorphosed type of coal with a carbon content of between
92.1% and 98% and low percentage of volatile matter. ANTC has a
relative density of 1.3–1.4 g cm�3 and luster that is often semi-
metallic with a mildly brown reflection. ANTC abundantly appear
in areas of considerable earth-movements such as the flanks of
great mountain ranges. However, few articles are published about
adsorptive properties of ANTC to remove and adsorb toxic
substances [43,44].

Geochemical studies show the presence of many aliphatic and
aromatic hydrocarbons in coal. Most coal consists of mechanical
mixture of two principal organic components: (1) resin-like
(aliphatic) organic matter of uncertain origin (that is, specific
plant structures that have been destroyed during the coalification
process) and (2) benzene-like (aromatic) organic matter derived
from wood tissue (lignin). Different analytical techniques and
instruments such as gas chromatography/mass spectrometry, the
electron microscopy and the scanning electron microscopy are
used to study the concentration and distribution of organic
compounds in coals [45].

Herein, a new procedure was introduced for highly efficient
solid phase extraction (SPE) and pre-concentration of nitrobenzene
(NB) and 1,3-dinitrobenzene (DNB) from water samples by using
ANTC adsorbent particles. The proposed method demonstrated the
high potential ability of ANTC particles to separate ultra-trace
concentrations of NB and DNB with a high level of efficiencies. The
pre-concentrated target analytes (NB and DNB) were successfully
evaluated by HPLC following elution by an efficient desorbing
solvent. The proposed method has high potential applicability for
the determination of ultra trace amounts of NB and DNB in water
samples.

2. Experimental

2.1. Chemicals and reagents

All chemicals and reagents were of analytical grade. Acetone
(99.5%, w/w), acetonitrile (HPLC grade), water (HPLC grade),
nitrobenzene (NB) and 1,3-dinitrobenzene (DNB) were purchased
from Merck (Darmstadt, Germany) and used without further
purification. Anthracite particles (purity 97%, specific surface area
�4 m2 g�1, average particle size of �5 mm) were obtained from
Kimia Teb (Ahvaz, Iran). Stock solutions (100 mg L�1) for NB and
DNB were prepared by dissolving 100 mg of each compound in
water–acetonitrile (70:30) solution mixture and dilution to the
mark in 1000 mL volumetric flask. Other concentrations were
prepared by successive dilution the stock solutions with double
distilled water.

2.2. Apparatus

Chromatographic measurements were carried out using a
Knauer HPLC system (Germany) consisting of a K-1001 pump and a
k-2501 UV detector. A pH-meter (827 pH lab, Metrohm1, Herisau,
Switzerland) was also used for pH adjustment. Infrared spectrum
was obtained using a Fourier Transform-Infrared Spectrometer
(FT-IR spectrum 100, Perkin Elmer, Australia) to identify functional
groups and chemical bonding of ANTC and DNB@ANTC. Scanning
electron microscopy (SEM) analysis was made using Hitachi S-
4500 SEM (Japan) at 20 kV to measure size and shape of particles.

Structural analysis of the ANTC was made using an X-ray
diffractometer (XRD, Brucker D8 Discover, Germany).

2.3. Pretreatment of ANTC adsorbent

A pretreatment step was applied to increase adsorption
efficiency of the adsorbent and to prevent extraction of organic
compounds from the matrix of ANTC [45]. The pretreatment step is
as follow: 50 g of micro-sized ANTC was added to 500 mL pure
water and boiled for 1 h and subsequently allowed to settle down
for 5 min. The clear supernatant was decanted and ANTC particles
were transferred to an oven and dried at 200 8C for 6 h and stored
in a sealed bottle for further uses.

2.4. Extraction procedure

The extraction procedure consisted of the following steps. At
the first step, 25 mL of the sample solution at pH 4 was added to
100 mL beaker containing 0.25 g of pretreated ANTC and the
mixture was stirred for 6 min (200 rpm). Then, the adsorbent was
isolated from the sample solution by decanting the clear
supernatant and the ANTC settled down due to its high density
(d = 1.3–1.4 g cm�3) without centrifugation or filtration. The
isolated adsorbent particles remained in the beaker and were
washed with 2 mL of distilled water and then 0.5 mL of pure
acetone was added to assist the desorption of DNB and NB from the
adsorbent surface. After 1 min the adsorbent particles were heated
on a hotplate at 45 8C to dryness and evaporation of acetone.
Solubility of both NB and DNB in acetone is better than water and
can help the desorption process. But, acetone absorbs strongly at
275 nm in the UV region which can interfere with the determina-
tion of both NB and DNB. To prevent the interference of acetone,
evaporation of this solvent must be carried out before the
determination of NB and DNB. Analytes were finally desorbed
by 0.5 mL of HPLC grade acetonitrile after a contact time of 6 min
with the adsorbent. 20 mL of desorbing solvent containing NB and
DNB was suctioned by a HPLC syringe and used for further HPLC
analysis.

2.5. HPLC analysis

A Nucleodur (100-5 C18, 250 mm � 4 mm) column, acetonitrile/
water at the ratio of 70:30 as the mobile phase (isocratic) and a
20 mL injection loop were used. The temperature of the column
oven was kept constant to 25 8C, while the mobile phase flow rate
fixed at 1.0 mL min�1. Under these conditions, chromatographic
retention times for DNB and NB were 4.1 min and 4.6 min,
respectively. The detection wavelength for DNB and NB was set at
254 nm.

3. Results and discussion

3.1. Characterization of the anthracite adsorbent

The XRD pattern (Fig. 1A) with broad reflections in the range of
20–30 8C show amorphous structure of anthracite. Graphitic
structures developed in the anthracite sample (2u of 26.5, 44.7).
XRD profiles show the dominance of disorganized amorphous
carbon in the samples.

FT-IR studies used to identify ANTC functional groups and also
chemical bonding of those compounds attaching to it. Scanning
electron microscopy (SEM) was used to observe the surface
physical morphology and determine the size of ANTC and
DNB@ANTC particles. Fig. 1B shows the structure of ANTC before
the adsorption process without any pretreatment and Fig. 1C
indicates the ANTC adsorbent after adsorption of DNB. It is
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