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Analysis of Residual Organic Solvent in Environmentally-friendly
Farming Materials with Headspace Method
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Abstract Volatile organic solvents are used to extract the bioactive materials from raw materials for
environmentally-friendly farming materials (EFFM), but the solvent should not remain in EFFM for the
safety reasons. Thus qualitative and quantitative analysis method for the solvents using Headspace-GC were
evaluated. Water content depleted the detection ratio of hydrophilic solvents and disturbing the hydrophilic
interaction with solvents by DMSO might be helped to increase the detection ratio (up to 715%). Surfactant
concentration affected to the detection ratio (68.5-179.1%) while surfactant type was not deeply involved the
solvent detection. On the other hand, matrix-matched calibration method was accepted the minimum
requirements for the quantitative analysis of the solvents in EFFM.
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toluene, ethylbenzene, xylenes, acetone, dichloromethane,
ethyl acetate, chloroform, hexane, DMSO< reagent grade
£ Sigma-Aldrich Co. (St. Louis, MO, USA) Z& Al-&3}
3L, DMSOE ARg-3ted 100 mg/LE 314131 AME-3I9ITE.
Tween® 20, Tween® 80, Kolliphor® ELZ Sigma-Aldrich
Co. (St. Louis, MO, USA)°lI*], PEG20003} PEG6000->
Junsei Chemical Co. (Tokyo, Japan) 22 AR}, 7]
FRAAE AGA el F-E T AFS AHESAT

717124
Al%2 Headspace GC-MSDE AHE-31] DB-5MS capillary
columng ARg-3to] 451 tH(Table 1).
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Table 1. Instrumental conditions, and qualitative and quantitative ions (m/z) of organic solvents on GC-MSD

Instrument

Agilent GC 6890N, Agilent 5973 MSD, Agilent 7694 HS sampler

GC-Column

DB-5MS (30 m x 0.32 mm, 0.5 pm)

Oven condition

Initial 35°C (holding 15 min); ramping 20°C/min to 235°C (holding 1 min)

HS oven temp.

90°C
95°C
100°C
15 min
Low

35 min
0.2 min
0.2 min
1.0 min

Loop temp.
Transfer line temp.
Equilibration time

Head-Space condition Shake
GC cycle
Pressurization time
Vent(loop fill) time
Injection time

Non-polar solvents Quantitative ions (m/z)

Hexane 57

Ethyl acetate 43

Chloroform 83

Dichloromethane 49

Benzene 78

Toluene 91

Ethylbenzene 91

Xylenes (o-,m-,p-) 91

Polar solvents

Acetone 43

Qualitative ions (m/z)
43

61

85

84

52

65

106

106

58
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Table 2. Summary of Headspace sample composition of each method

Method
I I I 1\Y \Y%
Organic solvents in DMSO (10 mg/L of each) 0.5mL 0.5mL 0.5mL 0.5mL 0.5mL
Distilled water 5.0mL 0.5mL 0.5mL 0.5mL 0.5mL
Saturated NaCl - 4.5mL - - -
Sodium sulfate (anhydrous) - - - 50g 10g
Table 3. Average detection ratios of 10 mg/L organic solvent depending on extraction conditions*
Detection ratio (%)

Method I Method I1 Method 111 Method IV Method V
Non-polar solvents
Hexane 100.0 178.7 189.9 194.4 168.0
Ethyl acetate 100.0 510.5 7152 653.0 686.0
Chloroform 100.0 189.9 200.7 185.1 1944
Dichloromethane 100.0 116.2 146.4 134.9 142.8
Benzene 100.0 105.1 107.5 104.2 107.5
Toluene 100.0 103.1 97.6 93.6 98.0
Ethylbenzene 100.0 99.1 92.9 87.0 923
Xylenes (o-,m-,p-) 100.0 103.8 92.6 86.2 91.8
Polar solvents
Acetone 100.0 165.5 481.5 446.6 4413

* All experiments were replicated three times and RSDs were below 12%.

SmL, A58 0.5mLE AME-31] Method 119] #4916 Al
S8 AR 283, SHS 0.5mLet A& 05
mLE ARE-3F] Method MM9] Aol ARE-8llom, 5 ¢9]
FRMEES AEEY 0.5mL, 575 0.5mLE AME-
&to] Method V] #2010 g¢] FF3MEFT A8
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Table 4. Limit of detection (LOD) and linearity of organic
solvents*

LOD (mg/L) Linearity (range, mg/L)

Non-polar solvents

Hexane 0.05 0.999 (0.2-50)
Ethyl acetate 0.02 0.999 (0.2-50)
Chloroform 0.02 0.999 (0.2-50)
Dichloromethane 0.10 0.999 (0.2-50)
Benzene 0.05 0.999 (0.2-50)
Toluene 0.05 0.999 (0.2-50)
Ethylbenzene 0.01 0.999 (0.2-50)
Xylenes (o-,m-,p-) 0.01 0.999 (0.2-50)
Polar solvents

Acetone 0.35 0.999, 0.5-50

* LOD and linearity were measured with Method III.
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Fig. 1. Effect of relative solvent detection by surfactant
concentration.
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