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Abstract: A novel method of low -density solvent-based solvent demulsification dispersive liquid—
liquid microextraction ( SD-DLLME) was developed for the determination of eight polycyclic ar—
omatic hydrocarbons ( PAHs) in water samples by gas chromatography-lame ionization
detection ( GCFID). Conventional DLLME methods usually employ organic solvents heavier
than water as the extraction solvents and achieve the phase separation through centrifugation.

On the contrary in this proposed extraction procedure a mixture of low -density extraction sol-
vent ( toluene) and dispersive solvent (acetone) was injected into the aqueous sample solution
to form an emulsion. A demulsification solvent ( acetonitrile) was then injected into the aque-
ous solution to break up the emulsion which turned clear quickly and was separated into two
layers. The upper layer ( toluene) was collected and analyzed by GC. No centrifugation was
required in this procedure. Factors affecting the extraction efficiency such as the type and vol-
ume of dispersive solvent extraction solvent and de-emulsifier were investigated in detail.

Under the optimized conditions the proposed method provided a good linearity in the range of
20 =500 pg/L (r>=0.9942 — 0.9999) . The limits of detection (S/N =3) were in the range of
0.52 —5.11 wg/L. The relative standard deviations ( RSDs) for the determination of 40 pg/L
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PAHs were in the range of 2.2% -13.6% (n =5). The proposed method is fast efficient and
convenient. It has been successfully applied to the determination of PAHs in natural water sam—
ples with the spiked recoveries of 80.2% -115. 1%.

Key words: gas chromatography ( GC) ; low -density solvent; solvent demulsification dispersive
liquiddiquid microextraction ( SD-DLLME) ; polycyclic aromatic hydrocarbons; water sample
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Fig. 1 Effects of extraction pattern on Volume of toluene / uL,
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Conditions: sample volume 5 mL; spiked mass concentra— 2 (a) (b) .
tion 100 wg/L; extraction solvent 40 pL toluene; de-emulsifi- Fig. 2 Effects of (a) extraction solvent type
er solvent 1.0 mL acetonitrile. For ultrasonic assisted ( USA) — and ( b) ex.tractant volume on- ex-—
SD-DLLME: ultrasonic time 3 min; ultrasonic power 40%; . traction efficiency )
extraction temperature: 35 °C; extraction time 10 s. For sol- ) Conditions: szm?ple volume 5 mL; spiked mass concentra—
vent assisted-SD-DLLME: disperser solvent 500 wL methanol; tion 100 pg/L; disperser solvent 500 pL methanol; de-emul-
de-emulsifier solvent 1.0 mL acetonitrile: extraction time sifier solvent 1.0 mL acetonitrile; extraction time 10 s;
10 s ’ extraction solvent 32 pL toluene 37 pL n-hexane 42 pL
cyclohexane and 31 pL n-octanol for Fig. 2a; toluene with dif-
ferent volumes for Fig. 2b.
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Table 1 Linear relationships limits of detection (LOD) precision (RSD) and enrichment factors (EF)
for PAHs determined by SD-DLLME-GC-FID method
PAH Linear range /( pg/L) Linear equation r? RSD /% EF LOD/( pg/L)
Naphthalene 10 -500 y =162.3x +2831.3 0.9982 2.2 160 1.67
Biphenyl 20 -500 y =185.7x +360.9 0.9945 2.3 131 1.74
Acenaphthylene 10 -500 y =140.2x +1304.8 0.9942 9.4 168 0.52
Fluorene 10 - 500 y =192.8x +1464.4 0.9991 7.2 174 0.93
Phenanthrene 20 -500 y =186.4x +120.0 0.9997 10.1 185 5.11
Anthracene 20 - 100 y =51.9x +2517.9 0.9966 13.6 162 1.91
Fluoranthene 20 -500 y =135.4x +209.9 0.9979 7.1 177 1.33
Pyrene 20 -500 y =165.3x +44.1 0.9999 7.2 177 0.86
y: peak area; x: mass concentration pg/L. LOD: S/N =3.
2.4 10 11 . 9
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Table 2 Comparison of DLLME techniques for determination of PAHs
Extraction Centrifugation Linear range/ Recovery/ Enrichment
Method . . . R Reference
time /min time /min (pg/L) % factor
DLLME-GC-¥ID few seconds 1.5 0.02 -200 60.3 -111.3 603 - 1113 10
DLLME-HPLC¥LD few seconds 5.0 0.01 -10 79.5-92.3 674 - 1032 11
SFO-DLLME-HPLC-UV 1 min 2.0 5 -500 88 —-110 88 -118 12
SD-DLLME-GC-MS few seconds - 0.05 -50 67.5-94.6 - 9
SD-DLLME-GCFID few seconds - 20 -500 80.2 -115.1 131 - 185 This work

DLLME: dispersive liquiddiquid microextraction; GCFID: gas chromatography with flame ionization detection; HPLCFLD: high

performance liquid chromatography with fluorescence detection; SFO: solidification of floating organic drop; SD: solvent demulsifica—

tion.
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Table 3 Contents of PAHs in real water samples and the results of recovery test (n =3)
South lake water Rain water Tap water
PAH Added/ Found/ Recovery/ RSD/  Added/ Found/ Recovery/ RSD/  Added/ Found/ Recovery/ RSD/
(pg/l)  (pg/l) % % (pg/L)  (pg/l) % % (pg/L)  (pg/l) % %
Naphthalene 0 - - - 0 - - 0 - - -
40 38.4 96.4 4.7 40 38.8 96.9 5. 40 40.4 101.1 7.6
100 92.4 92.4 6.0 100 103.8 103.8 4.8 100 104.5 104.5 8.2
Biphenyl 0 0 - - 0
40 37.7 94.6 2.1 40 40.0 100. 1 5.4 40 41.5 103.7 3.9
100 96.2 96.2 5.6 100 108.3 108.3 6.0 100 100. 1 100. 1 6.8
Acenaphthylene 0 - - - 0 - - 0 - - -
40 39.1 97.6 5.6 40 40.4 101.1 7.2 40 38.5 96.4 8.7
100 101.1 101.0 12.4 100 95.8 95.8 8.4 100 100. 4 100. 4 6.3
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Table 3 (Continued)

DLLME

South lake water Rain water Tap water
PAH Added/ Found/ Recovery/ RSD/  Added/ Found/ Recovery/ RSD/  Added/ Found/ Recovery/ RSD/
(pg/l)  (pg/l) % % (pg/L)  (pg/l) % % (pg/L)  (pg/l) % %
Fluorene 0 - - - 0 - - 0 - - -
40 37.2 93.1 12.1 40 38.5 96.4 10.1 40 41.3 103.1 9.6
100 95.2 95.2 8.3 100 106.9 106.9 9.2 100 106.0 106.0 7.5
Phenanthrene 0 4.62 - 10.5 0 0 0.05 - 11.2
40 43.3 96.6 5.2 40 39.4 98.5 5.9 40 39.6 98.9 6.5
100 97.7 93.1 8.5 100 115.1 115.1 7.8 100 104.1 104.1 4.7
Anthracene 0 23.8 - 11.8 0 - - - 0 - - -
40 55.9 80.2 5.0 40 35.4 88.5 5.4 40 40.4 100.8 6.2
100 105.1 81.3 3.7 100 99.6 99.6 3.1 100 95.5 95.5 2.8
Fluoranthene 0 - - - 0 - - - 0 - - -
40 40.8 101.9 5.3 40 38.3 95.9 8.5 40 41.9 104.9 9.2
100 106.8 106.8 2.5 100 102.2 102.2 7.7 100 96.1 96.1 8.4
Pyrene 0 - - - 0 - - - 0 - - -
40 41.2 102.9 4.0 40 33.5 83.8 4.3 40 38.5 96.3 10.2
100 96.9 96.9 6.8 100 104.3 104.3 3.7 100 98.0 98.0 3.2
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