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Abstract: The objective of this study was to reduce negative
elements such as volatile organic compounds (VOCs) from
fulvic acid using supercritical carbon dioxide (SCO,) and to
measure concentration and chromaticity of fulvic acid before
and after treatment of SCO,. Fulvic acid was treated at
different experimental conditions; pressures of 100, 120
and 150 bar at 40C for 2 h. The composition of VOCs
from fulvic acid was evaluated by GC-MS analysis, and the
concentration was quantitatively analyzed using UV-spectrometer
from fulvic acid at different experimental conditions.
Also, the chromaticity of fulvic acid was evaluated using
spectrophotometer. Though concentration and chromaticity
of fulvic acid were not nearly changed, the VOCs from
fulvic acid was remarkably decreased at 150 bar, 40°C and
2 h. Reduction of VOCs through the SCOis expected to
contribute to quality improvement of fulvic acid.

Keywords: Fulvic acid, supercritical carbon dioxide, volatile
organic compounds, GC-MS
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Fig. 1. Schematic diagram of supercritical carbon dioxide extraction
process.
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Fig. 2. Calibration curves of IHSS fulvic acid at different wavelengths
(350 nm m 370 nm @ 400nm A 450nm 4 and 500nm V) in pH2.



4

ZUA ofitstEtA R R2|H S8l EE BNl S2H EL MM &

525

Table 1. VOCs in fulvic acid using supercritical carbon dioxide at different conditions for 1 h

C d RT Area%
ompound name ' Untreated fulvic acid 100 bar, 40C 120 bar, 40C 150 bar, 40C

Formaldehyde 3.0 ND* ND 2.16 1.59
L-Alanine, 3-sulfo- 3.06 ND ND 0.08 ND
2,6-Dimethyl-4-pyrone 3.08 ND ND ND 0.25
Hydrocyanic acid 3.1 ND ND 0.71 ND
Acetaldehyde 32 1.82 1.84 1.09 1.56
Methanol 33 0.66 0.68 0.62 0.58
1,1-Diethoxyethane 3.9 78.26 81.52 72.21 58.80
Acetone 4.1 3.58 ND 1.17 2.85
Ethyl ether 44 2.18 0.85 3.12 5.96
Formic acid, ethyl ester 4.5 1.95 1.38 ND ND
Methylene Chloride 4.7 ND 1.02 ND 0.78
Propanal, 2-methyl- 52 ND ND ND 0.21
Cyclopentane 5.5 0.18 ND ND ND
2-Methylpropenal 5.5 ND ND 0.17 ND
Trimethylsilanol 5.9 0.25 0.16 0.24 0.37
n-Butanal 6.0 ND ND ND 0.19
Methyl vinyl ketone 6.2 0.03 ND 0.11 0.23
n-Hexane 6.5 4.95 3.38 2.98 4.41
Chloroform 6.9 0.31 3.40 1.50 1.88
Acetic acid, ethyl ester 7.3 0.52 ND ND 0.45
Acetic acid 8.0 1.64 1.55 1.15 0.29
Benzene 9.2 0.74 0.98 0.51 1.17
2-Chloroethanol 9.7 ND 1.15 0.90 0.66
Toluene 15.0 ND ND 0.70 1.74
n-Hexanal 16.2 ND ND 0.51 0.96
Cyclotrisiloxane, hexamethyl- 17.8 0.94 0.83 0.75 0.54
0-Xylene 19.0 ND ND ND 0.63
n-Heptanal 19.8 ND ND 0.52 1.14
3-METHYL-HEXAN-2-ONE 20.3 ND ND ND 0.39
Benzaldehyde 21.8 0.37 ND 0.51 0.38
5-Hepten-2-one, 6-methyl- 22.6 ND ND ND 0.67
Octanal 23.0 0.26 0.65 1.36 2.49
Cyclotetrasiloxane, octamethyl- 23.2 0.42 0.62 0.78 0.38
l-Limonene 24.5 ND ND 1.32 ND
2,2,4-Trimethyl-1,3-pentanediol 24.5 ND ND ND 1.14
Nonane, 3-methyl-5-propyl- 25.0 ND ND 0.41 0.72
Heptane, 5-ethyl-2,2,3-trimethyl- 25.5 ND ND ND 0.39
Heptane, 2,2,3,4,6,6-hexamethyl- 25.9 ND ND ND 0.34
Decane, 2,3,4-trimethyl- 26.6 ND ND ND 0.33
n-Nonanal 27.1 0.48 ND 2.38 4.86
n-Dodecanal 31.0 ND ND ND 0.66
Decanal 33.0 0.46 ND 2.05 ND
Total 100 (490,091,637) 100 (360,578,749) 100 (358,302,319) 100 (421,386,541)

*ND : Not Detected.
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Table 2. VOCs in fulvic acid using supercritical carbon dioxide at different conditions

Area%
Compound RT Untreated 100 bar,40C 120 bar, 40C 150 bar, 40C
fulvic acid lh 2h lh 2h lh 2h
Formaldehyde 3.0 ND ND ND 2.54 ND 1.6 ND
2,6-Dimethyl-4-pyrone 3.08 ND ND 7.52 ND ND 0.25 ND
1-Propene 3.10 ND ND 2.05 ND ND ND ND
Acetaldehyde 32 1.82 1.84 5.76 1.48 2.11 1.56 12.32
Methanol 33 0.66 0.68 ND 0.61 1.39 0.58 1.42
Oxirane 34 ND ND 1.51 ND ND ND ND
alcohol anhydrous 3.7 ND ND 5.47 ND ND ND ND
Ethanol 3.8 ND ND 18.07 ND ND ND 13.72
1,1-Diethoxyethane 3.9 78.26 81.51 ND 73.22 82.79 59.52 ND
Acetonitrile 4.0 ND ND ND ND ND ND 1.26
Acetone 4.1 3.58 ND ND 1.16 ND 2.85 2.98
n-Pentane 4.2 ND ND 0.26 ND ND ND 0.62
Ethyl ether 4.4 2.18 0.85 3.59 3.27 1.60 5.97 5.91
formic acid, ethyl ester 4.5 1.95 1.38 ND ND ND ND ND
Methylene Chloride 4.7 ND 1.02 ND ND ND 0.78 2.09
Propanal, 2-methyl- 5.2 ND ND ND ND ND 0.21 0.28
Cyclopentane 5.5 0.18 ND ND ND ND ND ND
1,3-Dichloro-2-propanol 5.5 ND ND ND ND ND ND 1.79
Trimethylsilanol 5.9 0.25 0.16 0.28 0.24 0.24 0.37 ND
methanesulfonyl chloride 5.9 ND ND 1.24 ND ND ND ND
Propanoic acid, butyl ester 6.0 ND ND ND ND ND ND 0.35
Methyl vinyl ketone 6.2 0.03 ND ND 0.11 ND 0.23 0.18
n-Hexane 6.5 4.95 3.38 1.58 2.96 22 442 17.48
2-Isononenal 6.7 ND ND 1.89 ND ND ND ND
Chloroform 6.9 0.31 34 5.32 1.49 2.31 1.88 6.11
Acetic acid, ethyl ester 7.3 0.52 ND 0.35 ND ND 0.45 ND
Acetic acid 8.0 1.64 1.55 25.97 1.15 ND 0.29 ND
Benzene 9.2 0.74 0.98 3.19 0.50 2.20 1.18 14.69
2-Chloroethanol 9.7 ND 1.15 0.15 0.90 1.99 0.66 ND
Ammonium acetate 13.2 ND ND 13.07 ND ND ND ND
Toluene 15.0 ND ND 2.73 0.70 ND 1.74 5.29
n-Hexanal 16.2 ND ND ND 0.50 ND 0.97 ND
Cyclotrisiloxane, hexamethyl- 17.8 0.94 0.83 ND 0.75 1.16 0.54 ND
Styrene 19.7 ND ND ND 0.39 ND 0.86 ND
n-Heptanal 19.8 ND ND ND 0.52 ND 1.77 ND
Benzaldehyde 21.8 0.37 ND ND 0.51 ND 0.38 ND
5-Hepten-2-one, 6-methyl- 22.6 ND ND ND ND ND 0.67 ND
Octanal 23.0 0.26 0.65 ND 1.35 ND 2.49 2.78
Cyclotetrasiloxane, octamethyl- 232 0.42 0.62 ND 0.77 2.01 0.38 ND
2,2,4-Trimethyl-1,3-pentanediol 24.5 ND ND ND ND ND 1.15 ND
Nonane, 3-methyl-5-propyl- 25.0 ND ND ND 0.41 ND 0.72 2.68
n-Nonanal 27.1 0.48 ND ND 243 ND 4.87 5.36
Total 100 100 100 100 100 100 100

*ND: Not Dectected.
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Lightness 53.18+0.25  50.24+0.02 51.56 £0.32 50.80 +0.47 49.27+0.53 51.13+£0.17  52.28+0.30
Redness 0.50 +0.01 2.08+£0.01 2.42 +0.00 2.71+0.03 2.45+0.13 1.23+£0.02 1.02+0.22
Yellowness 22.14+£0.09 22.24+0.06 23.59+0.18 24.15+0.51 22.65+0.61 2229+£0.05 21.89+243
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