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ABSTRACT

The objective of this study was to develop an effective separation and quantification
method for kerosene and diesel in a mixed petroleum fuel (gasoline, kerosene, and diesel)
contaminated environmental samples. This investigation was directed to prove the
hypothesis that if the source of petroleum fuels were identical, the peak-area ratios of a
reference n-alkane to other n-alkane peaks should be a constant even at the different
concentrations. In addition, experimental recovery rates were determined to select the
reference peaks of kerosene and diesel for peak area ratio measurements.

The experimental results showed that the peak area ratios were constant among the
samples having different concentrations when the ratios were calculated from areas of
Cus. Cy, and Cy; peaks for kerosene and Cy; and C;; peaks for diesel as reference n-alkane
peaks.

The recovery rates were evaluated by comparing the relative peak area ratios of each
reference peaks after making pairs of the kerosene and diesel reference peaks in the

23



24 of T ¢*-o] %1 A

samples contained a known amount of gasoline, kerosene, and diesel. The recovery
rates(%) were 107.019¢/86.64159 for kerosene-Cys/diesel-Cys, 99.64172/86.64159 for kerosene-
Cy/diesel-Cyg, 73.9:144/86.64+159 for kerosene-Cys/diesel-Cyg, 109.4.905/75.94 147 for kerosene-
Cyy/diesel-Cy;, 107.44176/75.94147 for kerosene-Ci/diesel-Cy;, and 95.74146/75.94147 for
kerosene-C;s/diesel-Cy;.

The above experimental results confirm that all of the reference peak pairs of kerosene
and diesel are applicable to the quantitative analysis for the mixed fuel contaminated
samples, but the kerosene-Cys/diesel-Cy; peaks are recommended since the pair has a lower
standard deviation than the other pairs.

Key words : n-alkanes, kerosene and diesel, petroleum fuels, quantitative method,
chromatograms,
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Table 1. Concentrations of the samples for the determination of Relative peak area ratio in

chromatogram
sample cong. sample conc.
S1 Diesel 940 ppm* S6 Kerosen 196 ppm
S2 Diesel 2130 ppm S7 Kerosen 415 ppm
S3 Diesel 4030 ppm S8 Kerosen 1000 ppm
S4 Diesel 6045 ppm S9 Kerosen 1960 ppm
S5 Diesel 8866 ppm S10 Kerosen 4150 ppm
*ppm : mg/ [

Table 2. Concentrations of the samples for the determination of Kerosene and Diesel

sample conc.
Hi Gasoline 965ppm* + Diesel 2129ppm + Kerosen 2896ppm
H2 Gasoline 1160ppm + Diesel 2250ppm + Kerosen 3020ppm
H3 Gasoline 1060ppm + Diesel 2020ppm + Kerosen 2910ppm
H4 Gasoline 21 10ppm + Diesel 3070ppm + Kerosen 990ppm
H5 Gasoline 2030ppm + Diesel 3070ppm + Kerosen 1220ppm
H6 Gasoline 2010ppm + Diesel 2880ppm + Kerosen 920ppm
H7 Gasoline 2990ppm + Diesel 990ppm + Kerosen 1980ppm
H8 Gasoline 2876ppm + Diesel 1124ppm + Kerosen 1910ppm
H9 Gasoline 2920ppm + Diesel 960ppm + Kerosen 1960ppm
*ppm : mg/ |
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Table 3. Analytical condition of gas chromatograph
Detector FID(Flame Ionization Detector)
Type DB-1
Column Length 60m
LD. 0.32mm
Injection mode Split
Injector temperature 280C
Detector temperature 300C
Oven temperature program 50°C (3min)- (8 /min)-300 C (10min)
Carrier gas N,(99.999%)
Carrier gas flow rate 1 ml/min
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Table 4. Average of relative peak area ratio for representing n-alkane(C,g,

Co~CptAe] 3% 5/ ABetETYA &
F e C~Cirleld) n-alkane® FEHA E1
3 HAo] tig u3d Hjg) ddFeR F Gy
7 Cpe 7ITEZE sigon, o Edd ug
El n-alkane®| 7 AHAY|= Table 49 1
ebd ule} Zo] Cd 7|Eoz d¥E wWe G
0.67, Cp 1.20 ,C,; 1.05 ,Cp, 0.93 .Cy3 0.97
Cu 1.02 ,Cy5 1.13 Gy 0.95 ,C 0.78 ,Cyg

C,,) in Diesel

n-alkane | Gy | Gy | Gy | Cpp [ Cia | Gy | Cys

Cl() Cl7 CIX C]9 CZO CZI CZZ C23 C24

ratio(C¢) [0.67 11.20{1.05/0.9310.9711.02]1.13

1.0010.950.78|0.73]0.57|0.44| 0.3410.26 | 0.20

SD  10.020.04|0.02} 0.02|0.03 | 0.06|0.06

0.00|0.04|0.04|0.0310.03]0.03| 0.03]0.030.03

ratio(C,;) [0.71 [1.27 ] 1.11| 0.98|1.03 {1.07|1.20

1.06|1.0010.83|0.77|0.60|0.47| 0.36{ 0.27 [ 0.22

SD 0.0310.0410.04 |0.060.07

0.02 [0.04

0.04{0.0010.0410.05]0.03{0.0410.0410.03}0.03

Each value is mean of five treatments.
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Fig. 1. Relative peak area ratio for
representing n-alkane
(C,4,C,7) in Diesel
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Fig. 2. Relative peak area ratio for
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Table 5. Average of relative peak area ratio for representing n-alkane(C,;,C,,,C,s) in Kerosene

n-alkane G, Cio C, Ci Ci Cu Cis
ratio(C, ) 0.78 1.26 1.28 1.19 1.00 0.68 0.30
SD 0.05 0.08 0.08 0.07 0.00 0.03 0.02
ratio(C, ) 1.15 1.84 1.88 1.74 1.47 1.00 0.44
SD 0.03 0.05 0.05 0.04 0.06 0.00 0.01
ratio(Cis) 2.61 4.21 4.27 3.95 3.37 2.26 1.00
SD 0.11 0.22 0.19 0.17 0.15 0.05 0.00

Each value is mean of five treatments.

Table 6. Linear regression analysis of relative peak area ratio for representing n-alkane(C,,

C,,) in Diesel
Linear Linear
Pair(C,;*) regression n Pair(C,;*) regression I
model model
(51,82) y=1.0696x 0.9811 (S1.52) y=0.9915x 0.9811
(S1.83) y=1.0341x 0.9722 | (S1,53) £1.0431x 0.9724
(51,84 y=1.0525x 0.9764 (S1,54) y=1.0681x 0.9775
(S1,S5) y=1.0498x 0.9713 (S1.55) y=1.0486x 09712
(82,83) y=0.9669x 0.9934 (S2,83) y=1.0521x 0.9933
(52,54 y=0.9838x 0.9940 (52,54) y=1.0770x 0.9945
(52,S5) y=0.9811x 0.9856 (82,55) y=1.0571x 0.9851
(83.54) y=1.0171x 0.9950 (83,54) y=1.0233x 0.9950
(53,55) y=1.0135x 0.9760 (83,55) y=1.0036x 0.9757
(54,55) y=0.9971x 0.9907 (54,S5) y=0.9815x 0.9907

* Representing n-alkane in diesel
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Table 7. Linear regression analysis of relative peak area ratio for representing n-alkane(C,;,

C,s C;5) in Kerosene

Linear Linear Linear
Pair(C,,*) | regression o Pair(C, ;*) | regression I, Pair(C,s*) | regression r
model model model
(S6,S7) |y=0.8782x| 0.9700 (S6,S7) |y=09686x; 09717 (S§6,S7) |y=10165x] 0.9979
(S6,S8) |y=0.9069x| 0.9823 (56,S8) 1y=09634x| 0.9837 (56,58) |y=1.0719x| 0.9836
(86,59) |y=0.9426x| 0.9930 (56,59) |y=09836x| 0.9940 (S6,89) |y=1.0357x| 09902
(56,S10) |y=09516x] 09817 (86,S10) |y=09681x{ 0.9920 (S6,S10) |y=0.9650x| 0.9861
(87,88) |y=1.0318x] 0.9979 (87,88) |y=09938x| 0.9979 (§7,88) |y=1.0549x, 09911
(§759) |y=10714x| 0.9902 (§7,89) 1y=10137x{ 0.9902 (§7.89) |y=1.0191x; 0.9964
(§7S10) |y=10815x| 0.9861 (§7.S10) |y=09975x| 0.9861 (S7.510) |y=09497x| 09941
(S8,59) y=1.0386x| 0.9964 (S8,89) |y=1.0202x| 0.9964 (S8,S9) |y=09657x| 0.9981
(S8,S10) |y=1.0485x| 0.9941 (S8,S10) |y=1.0040x| 0.9941 (S8,S10) |y=0.8999x| 0.9934
(59,S10) |y=10096x| 0.9986 (89,S10) {y=09841x| 0.9986 {89,S10) {y=09319x{ 0.9986

* Representing n-alkane in kerosene
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Table 8. The results of recovery test

(unit : %)
sample
fuel H1 H2 H3 H4 H5 H6 H7 H8 H9 | Mean| SD
Diesel(C,s) | 85.5/ | 70.4/ | 104.0/ | 72.4/ | 71.9/ | 92.0/ | 122.0/| 77.6/ | 77.9/ | 86.6/ | 15.9/
Kerosen(Cy;) | 874 | 69.6 | 942 | 1040 | 114.0| 1290 | 1350 | 114. | 116.0| 107.0| 20.6
Diesel(C,;)/ | 85.5/ | 70.4/ | 104.0/ | 72.4/ | 77.9/ | 92.0/ | 122.0/1 77.6/ | 77.9/ | 86.6/ | 15.9/
Kerosen(C,,) | 812 | 689 | 946 | 99.0 | 101.0 | 125.0 | 119.0 | 1040 | 103.0| 996 | 172
Diesel(C,,y | 85.5/ | 70.4/ {1040/ | 72.4/ | 77.9/ | 92.0/ | 122.0/| 77.6/ | 77.9/ | 86.6/ | 15.9/
Kerosen(Cs) | 62.7 | 519 { 689 | 698 | 87.0 | 1000 | 83.0 | 66.0 { 76.0 | 739 | 144
Diesel(C,,) | 746/ | 62.8/ | 92.5/ | 70.3/ | 74.5/ | 89.9/ | 101.1/4 62.5/ | 547/ | 759/ | 147/
Kerosen(C,;) | 929 | 734 | 99.6 | 108.0 | 119.0 | 133.0 | 143.0 | 106.0 | 110.0 | 109.4| 20.8
Diesel(C,,)/ | 74.6/ | 62.8/ | 92.5/ | 70.3/ | 74.5/ | 89.9/ | 101.1/| 62.5/ | 54.7/ | 75.9/ | 14.7/
Kerosen(C,,) | 89.2 | 747 | 103.0 | 105.0 | 109.0 | 131.0 | 130.0 | 112.0| 113.0 | 107.4| (7.9
Diese(C;) | 74.6/ | 62.8/ | 92.5/ | 70.3/ | 74.5/ | 89.9/ | 101.1/} 62.5/ | 547/ | 75.9/ | 147/
Kerosen(C5) | 836 | 756 | 89.5 | 86.0 | 107.0 | 118.0] 1120 | 86.6 | 103.0 | 957 | 14.6
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