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Abstract A simple and selective method was developed
for determination of the concentration of 2,4-xylenol in
river and sea water samples using gas chromatography/
mass spectrometry (GC/MS). Trace amounts of 2,4-xylenol
were collected in a Oasis HLB Plus cartridge, eluted with
acetonitrile. The method detection limit of 2,4-xylenol was
1.4 ng/L. The trace peaks of 2,4-xylenol were found in
water samples from the river and the sea, and the con-
centrations were all less than 1.4 ng/L. The nine peaks of
the 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, 3,5-xylenol, and o-, m-,
p-ethyl phenol that gave the same m/z ratio were separated
efficiently.

Keywords 2,4-Xylenol - Gas chromatography/mass
spectrometry (GC/MS) - River water - Sea water

The 2,4-xylenol (Fig. 1; CAS No.; 105-67-9, mw: 122.17)
is used as insecticide, medicinal intermediate, and synthetic
materials (Trapido et al. 1998; Takeda et al. 1995). The
2,4-xylenol was designated a Class II chemical substance
(NOAEL; 30 mg/kg/day) by the Pollutant Release and
Transfer Register (PRTR). The PRTR system has been
adopted in various countries. In Japan, it was institution-
alized in 1999. The PRTR requires businesses to submit
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notifications of chemical substances they release into the
environment. Judging from their physical and chemical
properties, “Class II Chemical Substances” are anticipated
to persist in the environment for extended periods over
considerable areas if the amounts manufactured, imported,
or used are increased, and thus will pose a risk to the
environment. Japanese Ministry of the Environment has
been concerned about this persistence in the environment.

Gas chromatography with mass spectrometry (GC/MS)
methods and liquid chromatography with mass spectrom-
etry (LC/MS) methods for analyzing insecticides and
pesticides in water have been reported (Bossi et al. 2002;
Fernandez et al. 2001; Heberer and Stan 1997; Lacassie
et al. 1999; Santana et al. 2002; Schreiber et al. 2000;
Wu et al. 2004). GC/MS method for analyzing 2,4-xylenol
has been reported (Environmental Health Department,
Ministry of the Environment in Japan 1998). However, the
two peaks of 2,4-xylenol and 2,5-xylenol were not sepa-
rated by their method, and this analytical method was time-
consuming and complicated for using derivatization
reagents. In this paper, we describe a simple and selective
method for the quantification of 2,4-xylenol in surface
water samples from river and sea using GC/MS. Further-
more, the nine peaks of the 2,3-, 2,4, 2,5-, 2,6-, 3,4-, 3,5-
xylenol, and o-, m-, p-ethyl phenol that gave the same m/z
ratio were separated efficiently.

Materials and Methods

The 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, and 3,5-xylenols, and o-, m-,
p-ethyl phenols standards were purchased from Wako Pure
Chemical Industries (Osaka, Japan). The 2,4-xylenol-d; (98%),
internal standard and surrogate, was purchased from Cam-
bridge Isotope Laboratories, Inc. (MA, USA). Acetonitrile and

@ Springer



154

Bull Environ Contam Toxicol (2009) 82:153-157

OH

CH3

CH3

Fig. 1 Structure of 2,4-xylenol

sodium sulfate anhydride of pesticide and PCB grade were from
Kanto Chemical Co., Inc. (Tokyo, Japan). The ultra pure water
of LC/MS grade was from Wako.

Surface water samples from river and sea in northern
Kyushu and the Japan Sea were collected. Water sampling
was carried out in October 2006. Each 1 L water sample was
passed through a solid phase extraction cartridge (precondi-
tioned Oasis HLB Plus with 20 mL acetonitorile and 20 mL
ultrapure water; Waters, Milford, MA) at a flow rate of 10 mL/
min. The 2,4-xylenol was eluted with 5 mL acetonitorile from
the Oasis HLB Plus cartridge connected with Sep-Pak Dry
cartridge (preconditioned with 10 mL acetonitorile, Waters,
Milford, MA). After addition of about 1 g of sodium sulfate
anhydrous to this acetonitorile solution, this solution was
transferred to another tube. This solution was dried to 1 mL
using nitrogen stream, and analyzed by GC/MS.

The 2,4-xylenol, five isomers of 2,4-xylenol, and o-, m-,
p-ethyl phenol were determined by using the GC/MS
QP2010 Plus instrument (Shimadzu, Japan). GC/MS was

Fig. 2 Mass spectra of 2,4- %

operated under the following condition: injector tempera-
ture, 250°C; oven temperature program, 2 min isothermal
at 40°C, raised at 40°C/min to 85°C, held for 35 min, and
then raised at 40°C/min to 250°C, held for 10 min; column,
60 m x 0.25 mm i.d., 0.25 pm film thickness, SGE BPX-5
(5% phenyl and 95% methyl polysiloxane); interface
temperature, 250°C; ionization voltage, 70 eV. The carrier
gas was helium and the flow rate was 1.8 mL/min. The
mass spectrometer was operated either in a selected ion-
monitoring mode (SIM) or in a scanning mode. When
working in the SIM mode, the major fragment ion of the
standard and IS was monitored at m/z 107 (122) and 125
(110), respectively. Quantification of the standard was
carried out by comparing the peak area to the IS area.

Results and Discussion

Figure 2 illustrates the mass spectra acquired for 1 mg/L
2,4-xylenol and 2,4-xylenol-ds. Ions of 2,4-xylenol were
intense at m/z 107 and 122, and ions of 2,4-xylenol-d; were
intense at m/z 125 and 110. Therefore, m/z 107 and 125
were monitored for SIM, and also m/z 122 and 110 was
monitored as a confirmation of the detection. Figure 3
shows the SIM chromatogram of 50 pg/L of 2,4-xylenol
and 20 pg/L of 2,4-xylenol-ds.

The calibration curve of 2,4-xylenol and the correlation
coefficients calculated from the concentration and the peak
areas ratio of 2,4-xylenol to 2,4-xylenol-d; are shown in Fig. 4.
The curve showed good linearity in the range 5-100 pg/L.

To select the best solid phase cartridge for effective and
selective investigation of 2,4-xylenol, extractions of standard
solutions were performed using five cartridges ((1) Sep-Pak
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Fig. 3 GC/MS-SIM (x10,000)
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plus tC18; surface functionality: —SiC,gH37, (2) Sep-Pak plus
C18; surface functionality: —Si(CH3),CgH37, (3) Oasis HLB
Plus; N-vinylpyrrolidone and divinylbenzene copolymer, (4)
Sep-Pak plus PS-2; surface functionality: styrene and divi-
nylbenzene copolymer, ((1)-(4); Waters, Milford, MA) (5)
GL-Pak Aqusis PLS-3 Jr.; surface functionality: nitrogen-
containing methacrylate and divinylbenzene copolymer (GL
Sciences Inc., Tokyo, Japan)). Five millilitre of 100 pg/L 2,4-
xylenol solution was passed through solid phase cartridges
preconditioned with 10 mL acetonitorile and 10 mL ultrapure
water, and 2,4-xylenol was eluted with 5 mL acetonitorile
from the cartridge. This procedure was carried out three times
on each cartridge. The recoveries were detected of each
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Fig. 4 Representative calibration curve of 2,4-xylenol
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cartridge (Fig. 5). The Oasis HLB Plus cartridge was selected
for extraction of 2,4-xylenol because the recovery was 89%,
and the best of five cartridges.

The method detection limit (MDL) was determined
using ultrapure water spiked with 2,4-xylenol. Samples of
water (10 L) were spiked with 200 ng of 2,4-xylenol to
give a concentration of 20 ng/L. The MDL was calculated
as two times the t-ratio (1.9432; 6 degrees of freedom, 5%
level of significance) multiplied by the standard deviation
for seven replicate determinations. The MDL of this
method was 1.4 ng/L. The MDL that Japanese Ministry of
the Environment had demanded for safety to the environ-
ment was 2.5 ng/L, therefore our method was satisfied for
sensitive and selective detection of 2,4-xylenol in the
environment, in addition, the sample collection and
extraction of our method was very simple.
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Fig. 5 Recoveries of 24-xylenol by five SPE cartridges with
acetonitrile
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Table 1 Recoveries of 2,4-

xylenol in ultrapure water, river Water samples Spiking level Detected concentration Recovery Precision (RSD)
water and sea water (n = 5) (ng/L) (ng/L) (%) (%)
Ultrapure water 0 n.d. - -
50 51.5 103.0 4.2
River water 0 <1.4 _ _
50 49.2 98.3 1.3
Sea water 0 <14 — _
50 50.0 99.9 2.9

n.d.—not detected

Fig. 6 GC/MS-SIM (x10,000)
chromatogram of ultrapure, 1107.00 (1.19)
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Recoveries for 2,4-xylenol, expressed as the overall
mean from a series of five analyses, are shown in Table 1.
The recovery for a standard aqueous solution containing
50 ng/L was 103%, and the relative standard deviation was
4.2%. The recoveries of 2,4-xylenol in surface water from
the river and sea were 98.3% and 99.9%, respectively. The
relative standard deviations were 1.3% and 2.9%,
respectively.

Surface waters from three different sites of the same
river and three different sites of the bay in Fukuoka
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Prefecture were sampled in October 2006. Representative
SIM chromatograms of river and sea waters are shown in
Fig. 6. Trace amounts of 2,4-xylenol were found in all
water samples from the river and the sea, and the con-
centrations were all less than 1.4 ng/L. (MDL).

Representative SIM chromatograms of the 2,3-, 2.4-,
2,5-, 2,6-, 3,4-, 3,5-xylenol, and o-, m-, p-ethyl phenol that
give the same m/z ratio are shown in Fig. 7. This shows
that nine peaks are separated efficiently, and identification
and quantification of 2,4-xylenol is possible.
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Fig. 7 GC/MS chromatogram
of 2,3-,2,4-,2,5-,2,6-, 3,4-, 3,5-

(x100,000)
0 107.00 (1.00)

xylenol, and o-, m-, p- 125

m-ethylphenol

_ . p-ethylphenol
ethylphenol (100 pg/L each) 1 2Gxylenol 24-xyleng] P
100 3,4-xylenol
] o-ethylphenol 2,5-xylenol 3,5;xylenol
0.75 4
] j 2,3-xylenol
0.50

0.25

225 25.0

Acknowledgment This work was supported in part by grant-aid
from the Ministry of the Environment of Japan.

References

Bossi R, Vejrup KV, Mogensen BB, Asman WAH (2002) Analysis of
polar pesticides in rainwater in Denmark by liquid chromatog-
raphy-tandem mass spectrometry. J Chromatogr A 957:27-36.
doi:10.1016/S0021-9673(02)00312-6

Environmental Health Department, Ministry of the Environment in
Japan (1998) 74: Chemicals in the Environment (in Japanese)

Fernandez M, Rodriguez R, Pico Y, Manes J (2001) Liquid
chromatographic-mass spectrometric determination of post-har-
vest fungicides in citrus fruits. J Chromatogr A 912:301-310.
doi:10.1016/S0021-9673(01)00576-3

Heberer T, Stan HJ (1997) Detection of more than 50 substituted
phenols as their #-butyldimethylsilyl derivatives using gas chro-
matography—mass spectrometry. Anal Chim Acta 341:21-34. doi:
10.1016/S0003-2670(96)00557-0

Lacassie E, Dreyfuss M-F, Daguet JL, Vignaud M, Marquet P,
Lachatre G (1999) Liquid chromatography—electrospray mass
spectrometry multi-residue determination of pesticides in apples

275 30.0 325 35.0 37.5

and pears. J Chromatogr A 830:135-143. doi:10.1016/
S0021-9673(98)00871-1

Santana CM, Ferrera ZS, Rodoriguez JJS (2002) Use of non-ionic
surfactant solutions for the extraction and preconcentration of
phenolic compounds in water prior to their HPLC-UV detection.
Analyst 127:1031-1037. doi:10.1039/b202092k

Schreiber A, Efer J, Engewald W (2000) Application of spectral libraries
for high-performance liquid chromatography-atmospheric pressure
ionization mass spectrometry to the analysis of pesticide and
explosive residues in environmental samples. J Chromatogr A
869:411-425. doi:10.1016/S0021-9673(99)01271-6

Takeda K, Oki N, Shichijyo K, Takayama S (1995) Thermal
degradation of polyphenylene—ether with rearrangement reac-
tion. Mater Life (in Japanese) 7:126—135

Trapido M, Veressinina Y, Munter R (1998) Advance oxidation
processes for degradation of 2,4-dichlo- and 2,4-dimethylphenol.
J Environ Eng 124:690-694. doi:10.1061/(ASCE)0733-9372
(1998)124:8(690)

Wu Z, Gao W, Phelps MA, Wu D, Miller DD, Dalton JT (2004)
Favorable effects of weak acids on negative-ion electrospray
ionization mass spectrometry. Anal Chem 76:839-847. doi:
10.1021/ac0351670

@ Springer


http://dx.doi.org/10.1016/S0021-9673(02)00312-6
http://dx.doi.org/10.1016/S0021-9673(01)00576-3
http://dx.doi.org/10.1016/S0003-2670(96)00557-0
http://dx.doi.org/10.1016/S0021-9673(98)00871-1
http://dx.doi.org/10.1016/S0021-9673(98)00871-1
http://dx.doi.org/10.1039/b202092k
http://dx.doi.org/10.1016/S0021-9673(99)01271-6
http://dx.doi.org/10.1061/(ASCE)0733-9372(1998)124:8(690)
http://dx.doi.org/10.1061/(ASCE)0733-9372(1998)124:8(690)
http://dx.doi.org/10.1021/ac0351670

	Simple and Sensitive Determination of 2,4-Xylenol in Surface Water Samples from River and Sea by Gas Chromatography-Mass Spectrometry
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


