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Gas chromatographic determination of three
chlorophenols in toilet paper by ultrasonic assisted
extraction and synchronous derivative dispersive
liquid–liquid microextraction

Miao Zhang,a Jing Cheng,*a Min Wu,a Ting Du,a Xiaohua Wanga and Min Cheng*b

A simple and sensitive method for the analysis of three chlorophenols (CPs) in toilet paper has been

developed for the first time. Acetone was used as a solvent to extract the three CPs from toilet paper

assisted by ultrasound irradiation. When the extraction process was finished, 0.5 mL acetone extract was

subjected to synchronous derivative dispersive liquid–liquid microextraction (DLLME). During this

process, the analytes were rapidly transferred from the acetone extract to another extraction solvent

(chlorobenzene) for further clean-up and enrichment. Acetone could also act as a dispersant during the

DLLME process, which combined the advantages of ultrasonic assisted extraction and DLLME

appropriately. Different factors affecting the extraction efficiency and derivatization step were carefully

optimized. Under optimal conditions, the limits of detection for 2,4-dichlorophenol, 2,4,6-

trichlorophenol and pentachlorophenol were 1.5 mg kg�1, 0.75 mg kg�1, 0.25 mg kg�1, respectively.

Satisfactory linear ranges were observed from 5–500 mg kg�1, 2.5–250 mg kg�1, 1–20 mg kg�1,

respectively. Recoveries of three CPs in toilet paper were in the range 70.9–118%. The optimized

method was successfully applied to three different toilet paper samples, and pentachlorophenol has

been detected in one of the tested toilet papers at a concentration level of 1.2 mg kg�1.
1. Introduction

Most of us cannot imagine living without toilet paper. It is used
not only for bathroom hygiene, but for nose care, wiping up
spills, removing makeup, and small bathroom cleaning chores.
Toilet paper is generally made from new or “virgin” paper, using
a combination of sowood and hardwood trees. Sowood trees
such as Southern pines and Douglas rs have long bers that
wrap around each other, which gives the paper strength.
Hardwood trees like gum, maple and oak have shorter bers
that make a soer paper. Toilet paper is generally a combina-
tion of approximately 70% hardwood and 30% sowood.1 Wood
decomposes easily when exposed to air and water, so large
quantities of higher chlorophenols (CPs) are used in pressure
treatment in the wood preservation industry for the protection
of wood and wood-based products.2

However, CPs have been conrmed to possess carcinogenic
and immunosuppressive properties. Owing to their toxicity, both
the US Environmental Protection Agency (EPA)3 and the
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European Community (EC)4 have included some CPs in their list
of priority pollutants. CP treated wood may be an important
source of CP residues in toilet paper, showing therefore a
potential risk for humans. To achieve the necessary trace levels of
sensitivity for CPs when analyzing toilet paper samples, extrac-
tion, clean-up and preconcentration techniques were needed.

Ultrasonic radiation is of great help in the pre-treatment of
solid samples as it can facilitate and accelerate operations when
it is used to extract organic and inorganic compounds. Ultra-
sound-assisted extraction (UAE) results in increased solubility,
diffusivity, and pressures, which favors penetration and trans-
port, at the interface between an aqueous or organic solution
subjected to ultrasonic energy and a solid matrix, and further
increases extraction efficiencies. In many situations, UAE is an
expeditious, inexpensive and efficient alternative to conventional
extraction techniques and in some cases, even to supercritical
uid and microwave-assisted extraction, as demonstrated by
applications to both organic and inorganic analytes in a wide
variety of samples.5–7 In the present study, UAE was used to
extract CPs from toilet paper samples.

A variety of sample pre-treatment techniques have been
applied for CPs in various samples: classical techniques, such as
liquid–liquid extraction (LLE)8 and solid-phase extraction
(SPE),9,10 stir bar sorptive extraction (SBSE),11 and to an even
greater extent, solid-phase microextraction (SPME).12,13 However,
Anal. Methods, 2014, 6, 207–214 | 207
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from the point of the subsequent purication and enrichment
steps following the UAE procedure, the recently emerged
dispersive liquid–liquid microextraction (DLLME) technique is
the most appropriate clean-up and preconcentration procedure.
DLLMEwas developed by Assadi and his co-workers.14 It is based
on the use of a ternary component solvent system. Some new
pre-treatment technologies were developed based on DLLME,
including dispersive liquid–liquid microextraction based on
solidication of oating organic droplet (DLLME-SFO),15 ultra-
sound-assisted surfactant-enhanced emulsication micro-
extraction (UASEME),16 and solvent-based demulsied
dispersive liquid–liquid (SD-DLLME),17 ionic liquid-based
dispersive liquid–liquid microextraction (IL-DLLME),18 ionic
liquid/ionic liquid dispersive liquid–liquid microextraction (IL/
IL-DLLME),19,20 and temperature-controlled ionic liquid disper-
sive liquid phase micro-extraction (TILDLME).21,22 All of the
above mentioned methods based on DLLME were developed in
aqueous solution, and the purpose of the present work is to
apply a DLLME based method to a solid matrix. In this method,
the target analytes were extracted from the solid matrix (toilet
paper) by ultrasound radiation, and the extract can be used as
disperser solvent in the next DLLME procedure for further
enrichment and purication.23 The derivatization reaction was
almost simultaneous with the DLLME process. The synchronous
derivative DLLME possesses simplicity of operation, rapidity,
low sample volume and cost.

Many analytical instruments have been used for the analysis
of trace-level chlorophenols, including high-performance liquid
chromatography (HPLC),24,25 capillary electrophoresis (CE),26

and gas chromatography (GC).27,28 Among these methods, GC-
ECD is the most oen used because of its high sensitivity and
high-resolution power towards halogen-containing compounds.
Since chlorophenols are high polarity and low volatility
compounds, it is usually necessary to perform a prior derivati-
zation step before GC determination. A large number of deriv-
atization reagents, such as diazomethane,29 pentauorobenzyl
bromide,30 methyliodide,31 trimethylsilyl-N,N-dimethylcarba-
mate (TMSDMC),32 N-(tert-butyldimethylsilyl)-N-methyl tri-
uoroacetamide (MTBSTFA)33 and acetic anhydride,34–36 have
been used for this purpose. However, the use of acetic anhydride
in alkaline conditions is the most popular since the derivatiza-
tion reaction can take place directly in the aqueous phase at
room temperature in a few minutes (even in water),37 and acetic
anhydride is cheaper than the other derivatization reagents.

The aim of this study was to develop a sensitive and rapid
method termed ultrasonic assisted extraction-synchronous
derivative DLLME for the analysis of three chlorophenols at
trace levels in toilet paper using GC-ECD. To the best of our
knowledge, this is the rst paper that has focused on the
analysis of chlorophenols residues in toilet paper.

2. Materials and methods
2.1. Reagents and materials

2,4-Dichlorophenol (2,4-DCP, 98%), 2,4,6-trichlorophenol (2,4,6-
TCP, 98%) and pentachlorophenol (PCP, 98%) were obtained
from the Environmental Protection Monitoring Research
208 | Anal. Methods, 2014, 6, 207–214
Institute, Ministry of Agriculture (China). The 100 mg mL�1

individual stock solutions of the above-mentioned three analytes
were prepared in methanol and stored in the refrigerator.
Working solutions were obtained by appropriate dilution of the
stock standard solution. Acetic anhydride, anhydrous potassium
carbonate, sodium chloride were of analytical grade and
supplied by Zhanyun Chemical Co, Ltd, Shanghai, China. HPLC-
grade acetone, acetonitrile and methanol were obtained from
Tedia Company Inc. (OH, USA). Three different brands of toilet
paper were obtained from a supermarket in Wuhan, China.

2.2. Apparatus

An ultrasonic water bath with temperature control (Kunshan
Ultrasonic Instrument Co., Ltd., Jiangsu, China) was applied to
extract CPs from toilet paper samples. Hamilton syringe
(Bonaduz, Switzerland) was used to inject organic solvent and
derivatization reagent into aqueous samples and inject 1.0 mL of
sample into GC system. The centrifugation process was pro-
ceeded with an 80-2 centrifuge (Changzhou Guohua Electric
Appliance Co., Ltd., Jiangsu, China). Sample analysis was
carried out on an Agilent 6890 GC (Agilent Technologies, Palo
Alto, CA, USA) equipped with an electron capture detector (ECD)
and a split/splitless injector. The analytes were separated on a
DB-5MS capillary column (30 m � 0.25 mm I.D., 0.25 mm lm
thickness). The oven temperature was programmed as follows:
initially at 100 �C (3 min), raised to 170 �C at 8 �C min�1 and
held at 170 �C for 2 min. The carrier gas was nitrogen (purity
99.9995%), at a ow rate of 1.0 mLmin�1. The inlet temperature
was set at 220 �C with the splitless mode selected, the temper-
ature of the detector was set at 300 �C and N2 was used as make-
up gas at a ow rate of 40 mL min�1.

2.3. UAE-synchronous derivative DLLME procedures

As shown in Fig. 1, 8 mL acetone was added to 0.5 g spiked toilet
paper samples in a conical ask. The sealed conical ask was
placed under ultrasonic irradiation at 25 �C for 20 min. Aer
completion of ultrasound-assisted extraction, the toilet paper
and acetone extract were separated through ltration. 0.5 mL
acetone extract was taken out and injected rapidly into a 5 mL
centrifuge tube containing 4.5 mL 0.5% K2CO3 aqueous solu-
tion. Then, 20 mL chlorobenzene (extraction solvent) and 30 mL
acetic anhydride (derivatization reagent) were also immediately
injected into the above-mentioned 5 mL centrifuge tube. The
tube was then shaken gently by hand for 2 minutes. A cloudy
solution was formed and the tube was then centrifuged for 5
min at 4000 rpm. 1.0 mL of the sedimented organic phase was
collected and injected into GC-ECD.

3. Results and discussion

The possibility of combination of UAE and synchronous deriv-
ative DLLME coupled to GC-ECD for extraction, preconcentra-
tion, clean-up and analysis of three CPs from toilet paper was
investigated. Several critical variables affect the UAE-synchro-
nous derivative DLLME performance, including type and
volume of ultrasonic extraction solvent, type and volume of
This journal is © The Royal Society of Chemistry 2014
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Fig. 1 Schematic of the different steps in UAE-synchronous derivative DLLME: (a) 8mL acetone solution was added to 0.5 g toilet paper, and was
put under ultrasonic radiation at 80 kHz for 20 min; (b) 0.5 mL acetone extract was added to a 5 mL centrifugation tube containing 4.5 mL 0.5%
K2CO3 aqueous solution; (c) 20 mL chlorobenzene and 30 mL acetic anhydride were rapidly injected into the above-mentioned centrifugation
tube; (d) the synchronous derivative DLLME process; (e) 1.0 mL sedimented phase was collected and injected for GC-ECD analysis.

Fig. 2 Selection of UAE solvent. UAE conditions: temperature: 25 �C;
ultrasound frequency: 80 kHz; ultrasonic extraction time: 30 min. CPs
concentration: 50 mg kg�1. DLLME with simultaneous derivatization
conditions: 4.5 mL 0.5% K2CO3 aqueous solution; acetone extract: 0.5
mL; extraction solvent volume: 30 mL chlorobenzene; volume of acetic
anhydride: 30 mL. No salt addition; centrifugation time: 5 min.

Fig. 3 Selection of UAE solvent volume. UAE conditions: extraction
solvent: acetone; temperature: 25 �C; ultrasound frequency: 80 kHz;
ultrasonic extraction time: 30 min. CPs concentration: 50 mg kg�1.
DLLME with simultaneous derivatization conditions: 4.5 mL 0.5%
K2CO3 aqueous solution; acetone extract: 0.5 mL; extraction solvent
volume: 30 mL chlorobenzene; volume of acetic anhydride: 30 mL. No
salt addition; centrifugation time: 5 min.
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extraction solvent for DLLME, volume of dispersive solvent for
DLLME, amount and volume of the derivatization reagent, pH
value and ionic strength, which were systematically
investigated.
3.1. Selection of type and volume of extraction solvent for
UAE

The qualities of the ultrasonic extraction solvent for toilet paper
should be that it is a good extractor and miscible with water,
and has low volatility and toxicity. Of the three solvents with
these properties selected (acetonitrile, methanol and acetone),
This journal is © The Royal Society of Chemistry 2014
acetone was chosen because it acted well and has low toxicity as
an extraction solvent for toilet paper (step 1) and as a dispersive
solvent in synchronous derivative DLLME (step 2) (Fig. 2).

The efficiency of ultrasonic extraction increases with the
increase of extraction solvent volume. However, the analytes are
diluted as a result of the increase in the volume of the ultrasonic
extraction solvent. To nd the most suitable extraction volume,
different volumes (8, 15 and 20 mL) were evaluated. As can be
seen from Fig. 3, relative response was the highest when using 8
mL acetone as extraction solvent. Extraction solvent volumes
smaller than 8 mL were also tested, and results showed it led to
Anal. Methods, 2014, 6, 207–214 | 209

https://doi.org/10.1039/c3ay40797g


Fig. 4 Selection of DLLME extraction solvent. Extraction conditions
were as described in Fig. 3 except that the volume of acetonewas 8mL
and ultrasonic assisted extraction time was 20 min.

Fig. 5 Selection of DLLME extraction solvent volume. Extraction
conditions were as described in Fig. 4 except that the extraction
solvent was chlorobenzene.

Fig. 6 Selection of dispersive solvent volume. Extraction conditions
were as described in Fig. 5 except that the volume of chlorobenzene
was 20 mL.
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very small extract volumes (due to the volatility of acetone),
which were not enough to achieve a stable dispersive system in
the DLLME step and thus, lead to poor relative response.
Consequently, 8 mL acetone was selected for further studies.
3.2. Ultrasonic extraction time

Ultrasonic extraction can make collapsing cavitation bubbles
which help to disrupt the saturated boundary layer surrounding
the particles of toilet paper samples, and bring fresh solvent to
the surface of the toilet paper. This favors the mass transfer
of the analytes from toilet paper into the sample solution
leading to an enhancement of sensitivity.38 The effect of ultra-
sonic extraction time was examined in the range of 10 min to 40
min. It was observed that the relative response increased with
210 | Anal. Methods, 2014, 6, 207–214
the increase of extraction time from 10 min to 20 min, and
almost kept constant with the increase of extraction time from
20 min to 40 min. Therefore, 20 min was selected and used for
further experiments.
3.3. Selection of the type and volume of extraction solvent
for DLLME

For DLLME (step 2), the extraction solvent should have a ow
solubility in water and a higher density than water. It should
also be possible to extract the analytes well, and its chromato-
graphic peak should be easily distinguishable from that of the
target compounds. In this work, four different organic solvents
were evaluated chlorobenzene, chloroform, tetrachloromethane
and tetrachloroethane. Fig. 4 shows that chlorobenzene had the
best relative response of all the three CPs. Therefore, chloro-
benzene was selected as the extraction solvent in the subse-
quent experiments.

To study the effect of the volume of the extraction solvent on
the performance of the procedure, the volume of chlorobenzene
was varied in the range from 20 mL to 50 mL. To make sure that
the sedimented phase volume was enough for GC injection, the
extraction phase volume needed to be 20 mL or more. As can be
seen from Fig. 5, when the volume of the extraction solvent was
20 mL (the sedimented phase was about 10 mL) the relative
response reached its apex. Thus, 20 mL chlorobenzene was
chosen for further studies.
3.4. Selection of dispersant volume for DLLME

The dispersant should be miscible with both the organic solvent
and water, so acetone usually acts as a dispersant in the DLLME
procedure, and especially, acetone was used as an extractant in
the aforementioned UAE procedure. To make the DLLME
procedure easier, the acetone extract made by UAE was selected
as the dispersant in the DLLME procedure rather than adding
another solvent.39 Aer selecting the acetone extract as the
This journal is © The Royal Society of Chemistry 2014
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Table 1 Linear ranges, limits of detection, precision of the proposed method

Analyte Linear range (mg kg�1) R2 LODa (mg kg�1) LOQb (mg kg�1)

RSD (%) (n ¼ 6)

Intra-day Inter-day

2,4-DCP 5–500 0.9992 1.50 5.0 5.7 6.8
2,4,6-TCP 2.5–250 0.9968 0.75 2.5 9.6 4.5
PCP 1–20 0.9984 0.25 1.0 5.4 6.1

a LOD, limit of detection. b LOQ, limit of quantication.
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dispersant, its volume should be optimized. At low volume,
acetone cannot disperse the extraction solvent properly and the
cloudy solution does not completely form. However, at high
volume, the solubility of analytes in water increases, which will
result in a decrease of sensitivity. To obtain the optimized
volume of acetone, the effect of its volume on sensitivity was
investigated in the range of 400–800 mL. As can be seen from
Fig. 6, the relative response increased with the increase of the
volume of acetone when it was less than 500 mL. Reduction of
extraction efficiency was observed aer the volume of acetone
exceeded 500 mL. So, 500 mL was chosen as the optimum volume.
3.5. Effect of synchronous derivative reaction for DLLME

In order to detect CPs in toilet paper better, experiments were
carried out to select the optimum conditions for synchronous
derivatization. Different concentrations of potassium carbonate
ranging between 0 and 1.5% (w/v) were studied, which corre-
sponded to pH values of 5 to 12. Best sensitivity was attained for
all compounds when the concentration of potassium carbonate
was 0.5% (w/v), which resulted in a pH value of 10. With respect
to the derivatization reagent, concentrations ranging from 0.4
to 1.0% (v/v) were assayed, the best signals being obtained at
0.6% (v/v) concentration.

Once the conditions for the derivatization stage had been
selected, the inuence of changing the ionic strength of the
matrix was studied by adding different amounts of sodium
chloride ranging from 0 to 0.5 g to the solution containing 0.5
mL of acetone extract while keeping the other conditions
constant. The experimental results showed that increasing the
Table 2 Comparison of UAE-DLLME-GC-ECD with other extraction me

Analyte Method Sample

DCP UAE-SBSE-GC-MS Soil
MAE- LC-MS Soil
UAE-DLLME-GC-ECD Toilet paper

TCP LLE-GC-ECD Cork
QuEChERS-GC-MS Soil
UAE-SBSE-GC-MS Soil
MAE- LC-MS Soil
UAE-DLLME-GC-ECD Toilet paper

PCP LLE-GC-ECD Cork
QuEChERS-GC-MS Soil
UAE-SBSE-GC-MS Soil
MAE- LC-MS Soil
UAE-DLLME-GC-ECD Toilet paper

This journal is © The Royal Society of Chemistry 2014
amount of salt from 0% to 10% (w/v) resulted in reduced relative
response. This might be caused by the decreased solubility of
extraction solvent with the increase of ionic strength. So, further
extraction was performed in the absence of any salt.
3.6. Method validation

The analytical parameters including linear ranges, limits of
detection (LODs), repeatability, recoveries were studied under
the optimal conditions to evaluate the practicality of the
proposed UAE-DLLMEmethod. The results are listed in Table 1.
The linear ranges for 2,4-DCP, 2,4,6-TCP and PCP were 5–500 mg
kg�1, 2.5–250 mg kg�1 and 1–20 mg kg�1, respectively. The
correlation coefficients were from 0.9968–0.9992. The limits of
detection (LODs), dened as a signal-to-noise of three were
varied from 0.25 mg kg�1 to 1.5 mg kg�1. The reproducibility of
the proposed method was determined by evaluating the intra-
day and inter-day precision. The relative standard deviations
(RSDs, n ¼ 6) were not higher than 9.6% .
3.7. Comparision of the proposed method with other
published methods

Compared to the other extraction methods for analysis of the
three chlorophenols from a solid matrix, UAE-DLLME-GC-ECD
possessed the shortest extraction time, as shown in Table 2.
Additionally, the LODs of the proposed method were signi-
cantly lower than that of MAE- LC-MS, and nearly identical to
that of LLE-GC-ECD, UAE-SBSE-GC-MS and QuEChERS-GC-MS.
thods for the analysis of three chlorophenols in solid matrices

LOD (mg kg�1) Extraction time Ref.

0.8 6.5 h 40
60 >40 min 41
1.5 25 min This work
0.5 >1 h 42
3 >1 h 43
0.7 6.5 h 40
30 >40 min 41
0.75 25 min This work
1.7 >1 h 42
0.5 >1 h 43
0.2 6.5 h 40
20 >40 min 41
0.25 25 min This work

Anal. Methods, 2014, 6, 207–214 | 211
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Table 3 Relative recoveries of chlorophenols from spiked toilet paper samples

Analyte
Code name of toilet
paper sample

Real
(mg kg�1)

Added
(mg kg�1)

Found
(mg kg�1)

Relative recovery
(%)

2,4-DCP 1 NDa 10 9.46 94.6
50 36.8 73.7

100 71.3 71.3
2 NDa 10 8.20 82.0

50 37.2 74.4
100 88.2 88.2

3 NDa 10 76.5 76.5
50 41.6 83.3

100 79.3 79.3
2,4,6-TCP 1 NDa 5 4.20 84.1

25 25.9 103
50 44.8 89.6

2 NDa 5 3.90 77.6
25 22.1 88.5
50 48.7 97.3

3 NDa 5 36.8 73.5
25 21.3 85.4
50 47.6 95.3

PCP 1 NDa 2 1.52 76.2
10 10.5 106
20 19.8 99.1

2 2 1.42 70.9
10 11.0 110
20 23.7 118

3 1.2 2 2.82 81.1
10 8.42 72.2
20 21.8 103

a ND, not detected.

Fig. 7 Chromatograms of (a) the blank toilet paper sample and (b) the
spiked toilet paper sample treated with this method. The samples were
spiked with three CPs at 2.5 mg kg�1 for DCP, 5 mg kg�1 for TCP and
8 mg kg�1 for PCP, respectively.
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3.8. Real samples analysis

Under optimal conditions the proposed method was applied for
the determination of three CPs in toilet paper samples. The
utility of this method was evaluated by recovery studies. The
recoveries of all the three CPs from three toilet paper samples at
212 | Anal. Methods, 2014, 6, 207–214
spiking levels of three different concentration levels were in the
range of 70.9–118.5%. Results are shown in Table 3. No 2,4-DCP
and 2,4,6-TCP were found in the three toilet paper samples
while PCP was found in one type of toilet paper sample. The
chromatograms of (a) the blank toilet paper sample and (b) the
spiked toilet paper sample treated with this method are shown
Fig. 7.

4. Conclusions

This paper describes for the rst time a method to determine
three CPs that are used as preservatives in toilet paper. UAE
followed by synchronous derivative DLLME was used to deal
with the toilet paper samples and GC-ECD was used to detect
the three chlorophenol derivatives. Several factors affecting
these procedures were optimized systematically. Pentachloro-
phenol was successfully found in one toilet paper sample. The
results indicated the proposed method was simple, fast, sensi-
tive, and inexpensive for monitoring CPs residues in toilet
paper.
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Sáiz and C. Pizarro, Development of a solid-phase
extraction method for the simultaneous determination of
chloroanisoles and chlorophenols in red wine using gas
chromatography–tandem mass spectrometry, Anal. Chim.
Acta, 2005, 549, 117–123.
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