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Abstract

Phenol was analyzed by both gas chromatography—flame ionization detection (GC-FID) and gas
chromatography—mass spectrometry (GC-MS) to compare the techniques and to find out if GC-
FID is a suitable tool for the analysis of phenol extracted from environmentally important phenol
in water. After the treatment of water with CuSO,4 and H3PO,, phenol in the water was extracted
with dichloromethane. The extract was cleaned up by silica gel column chromatography. The
analytical results obtained by GC-FID and GC-MS were generally of similar magnitude. Limits
of detection and determination were between 0.01 and >0.05 ng/l and <0.01 and 0.05 ng/l,
respectively. And the recovery of phenol was above 45%.
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Introduction

Phenolic compounds are gaining great popularity due to their widespread application to produce
pharmaceutical fragrance, polymeric materials, dyes, paper, pesticides and petrochemical
products etc. Therefore, it is not difficult to understand their presence in the manufacturing
waters and in industrial waste from relative industries and in some of the natural waters. Due to
its toxicity, they could have significant detrimental effects on water quality or animals as well as
some plants even at very low level. For these reasons, some of them have been included in the
lists of priority pollutants. A number of analytical techniques have been established for phenols
analysis in recent years. High performance liquid chromatography is presently the most popular
and reliable technique for the analysis of phenolic compounds. Often used detectors usually are
the UV, electrochemical detector and colorimetric detector [1-5]. Recently, LC-MS has been
developed to be a robust and valuable instrumental analytical method for the determination of
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many compounds including phenolic compounds, which possess the merit that they do not
require the analytes must be volatile and has been considered as an ideal tool in analytical,
medical and environmental and other fields. However, it is very expensive and needs high
requirement for the operator. Up to now, it cannot be employed as common instrument for
routine analysis [6]. Capillary electrophoresis (CE), another alternative analytical technique, has
also been utilized for the analysis of these compounds [7-9]. It can provide many strong points
such as high separation efficiency, small sample and electrolyte consumption and rapid analysis.
These merits make CE of great utility in routine analysis and monitoring processes in a number
of industrial fields. Moreover, CE is relatively well suited to analysis of complex samples, and it
allows in-capillary concentration such as electrokinetic stacking [10], sweeping, dynamic pH
junction, and anion or cation selective exhaust injection-sweeping-MEKC, and dynamic pH
junction-sweeping etc. More Recently, CE has been shown to be a powerful and efficient
technique and also applied to separate the EPA 11 priority phenols successfully [11-13].

In addition to instrumental methods, biological methods have been improved to be very useful in
the analysis of phenols in food and environmental samples etc. Among these, biosensors are the
popular and gaining more attention in recent years. A great number of biosensors have been
developed for the determination of phenols, which are on the basis of tyrosinase and perodidase
[14-20]. However, these enzymes require strict conditions for keeping and using as well as
transporting to make it inconvenient to establish and apply these bio-methods. Gas
chromatography, a very sensitive and reliable analytical tool, especially in combination with
mass selective detector, has been applied in separation and identification of the phenolic
compounds [21]. In this paper, we describe the identification and quantification of phenol in
surface water samples supplied by Environmental Conservation Management Consultants
(ECMC) by both GC-FID and GC-MS in the way previously established in our laboratory.

Experimental
General experimental procedures

Chemicals

Phenol crystal, E. Merck (Germany), purity 99.0%; anhydrous Na,SO4 BDH Laboratories
(England), purity 99.5%; dichloromethane, HPLC grade, E. Merck; H3;PO4, E. Merck, purity
88.0% and CuSO4, BDH Laboratories, purity 99.0% were used in this work.

Instrument and operating conditions

GC-MS was carried out using total ion monitoring mode on a Varian 3800 gas chromatograph
interfaced to a Varian Saturn ion trap 2200 GC/MS/MS mass spectrometer. The temperatures of
transfer line and ion source were 280°C and 275°C respectively. lons were obtained by electron
ionization mode. The VF-5 capillary column (30 m length, 0.25 mm L.D., 0.25 pm film
thickness) was used. A 20% split injection mode was selected with a solvent delay time of 3 min.
with injection volume 0.2 pl. The initial column temperature was started at 40°C for 1 min,
programmed at 8°C min "' to 200°C and heated until 280°C at 10°C min™'. Injection port was set
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at 250°C. Helium was used as carrier gas with a flow-rate of 1.0 ml min'. Molecular ions were
monitored for identification. Mass range: 40-500 m/z.

Sample collection

Three water samples were supplied to our laboratory for analysis by the Environmental
Conservation Management Consultants (ECMC) on 3" October 2007. They might have collected
the surface water from the industrial area or gas field area. Each sample was collected in a one-
liter amber color glass bottle with 10 ml of 10% CuSO; stabilizing agent. The water samples
were stored at 4°C before analysis.

Extraction procedure

The water samples were collected from the sampling spot and instantly stabilized by stabilizing
agent of 10% CuSOy solution. 100 ml of water sample was extracted twice with dichloromethane
(30 and 20 ml) in 30 minute by shaking with hand at pH 2, adjusted with H;PO,4 (Hossain ef al.
1999). Finally both the extracts were combined and dried with anhydrous Na,SO4. Then the
dried extract was pre-concentrated (1-2 ml) using Kuderna-Danish (K-D) evaporative
concentrator. From this concentrated samples, certain volume was injected into the Gas liquid
chromatography and mass spectroscopy (GC-MS/MS).

Clean-up procedure

The cleanup column (i. d. = 1 cm) was filled with cotton in the bottom. Activated silica gel (17
gm) was soaked with dichloromethane and loaded into the cleanup column (5 cm), which was
then topped with 1.5 cm of anhydrous sodium sulfate. 5 ml of dichloromethane was added to
wash the sodium sulfate and the silica gel. The dried sample was then transferred into the
column. The vessel was rinsed twice with 2 ml dichloromethane to add to the column. Another
60 ml of dichloromethane was added to the column and allowed to flow through the column at a
rate of 3-5 ml/min, and the eluent was collected. The collected eluent from the cleanup
procedure was reconcentrated to 0.5 ml with K-D concentrator.

Preparation of standard

Calibration graphs for the samples, treated according to the described analytical procedure, were
made using the SIM mode. Different concentrations of phenols (Ing/ml, 100 ng/ml, 250 ng/ml,
500 ng/ml and 1000 ng/ml) were used to establish the calibration curve. They were linear with
the concentration range 1-1000 ng/ml of the phenols target.

Results and Discussion

In our previous study [22-23] done in our laboratory, it was observed that the —OH group of
phenols is stable in aqueous medium at pH 2. The dissociation is suppressed at lower pH and it
increases at higher pH values [24]. In our present study, the extraction of phenolic compounds
has been carried out at pH 2, too. Phenol is less stable in aqueous medium because of its
biological action [25]. So, during sampling for phenol and its derivatives from water matrices,
some authors [22-23] used CuSOy as a stabilizing agent. In our laboratory, one author [25] used
CuSO0; as stabilizing agent and produced average recovery results of phenols derivatives. He also
showed that in the absence of any stabilizing agent such as CuSQy, the presence of phenol and its
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derivatives could not be detected after 72 hours i.e. it was completely dissociated with water
matrices.

The quantitative determination of phenol was done by external calibration curve method. The
calibration curve (Fig. 1) was already prepared with known concentrations of phenol as detailed
below.
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Figure 1. Standard Calibration Curve of Phenol.

Standard curve for phenol generated by plotting the area of five spots vs. the concentration, gave
high correlation coefficients. The concentration of phenol in three water samples (Fig. 2, Fig. 3
and Fig. 4) was calculated from the external curve method by GC-FID. Linear responses were
achieved for phenol in the concentration range for water samples with the values 9.16 mg/l,
9.71mg/l and 10.37 mg/l respectively. Over this concentration range, the linear regression
analysis of peak areas (y) in function of concentration (x), calculated by least square method,
leads to the following equations: y = +1.9415¢™°"* +1.3531e" (1* = 0.999653) for phenol. The
results obtained with this method were found to be in agreement with the confirmatory
determinations done on MS.
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Figure 2. Chromatogram of phenol compound from surface water sample 1.

Column: VF-5 (I. 30m, i.d. 0.25, film thickness 0.25 pum); delay: 3min; Temperature Program:
40°C(1)—200°C (8°C)—>280°C (10°C); Injector Temperature: 250°C; Split: 20%; Carrier gas:
He; Flow rate: 1ml/min.
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Figure 3. Chromatogram of phenol compound from surface water sample 2.
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Figure 4. Chromatogram of phenol compound from surface water sample 3.
Column: VF-5 (1. 30m, i.d. 0.25, film thickness 0.25 pm); delay: 3min; Temperature Program:
40°C(1)—200°C (8°C)—»280°C (10°C); Injector Temperature: 250°C; Split: 20%; Carrier gas:

He; Flow rate: 1ml/min.

Table 1. Concentration of Phenol obtained from three water samples.

SI. No Sample GC-FID (Phenol) GC-MS (Phenol)
1 Sample 1 9.16+ 0.015 mg/L 9.22+ 0.045 mg/L
2 Sample 2 9.71+ 0.065 mg/L 9.88+ 0.070 mg/L
3 Sample 3 10.37+ 0.080 mg/L 10.43+ 0.051 mg/L

From Table 1, it is clear that the concentrations of phenol in three water samples are different,
although not by much. The highest concentration of phenol was found in sample 3 and the lowest
in sample 1. The similarity in results obtained from both the instruments means that they are
almost identical in terms of sensitivity. So, we can use the comparatively cheaper GC-FID for
the quantification of phenol in water for routine analysis.

Conclusion

Phenolic compounds are important priority pollutants in most countries in the world, and many
related analytical techniques have been developed for detection of phenols. Present work has
been done by our previously established method (Hossain et al., 1999) for phenols determination
based on without any derivative process. Comparable results were obtained by GC-FID and GC—
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MS methods. GC-FID was chosen as an analytical tool for the analysis of phenol in water
because of its reliability and low-cost compared to the other. The experimental results
demonstrated that this GC-FID method had offered excellent recoveries and could be employed
for environmental sample analysis. In view of the rapidity, sensitivity, simplicity, environment-
friendly nature and so on, the proposed method will be an excellent alternative detection
technology for phenol analysis, and will be widely employed in environmental and other related
fields.
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