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We demonstrated a novel identification method of illegal
diesel fuel by using a deuterium (D) labeled n-alkane ([1-D]
n-alkane) as a new chemical marker instead of coumarin. In a
mixing system of diesel fuel with marker-labeled kerosene,
kerosene content is quantitatively determined by D-enrichment
of a target n-alkane in a mixed oil using compound-specific sta-
ble hydrogen isotope analysis. Thus, [1-D] n-alkane will become
a high potential chemical marker instead of coumarin.

We recently have a big concern that diesel fuel is often ille-
gally adulterated with kerosene or crude oil to evade a specific
excise on diesel fuel trade. In Japan, the estimated lost tax is
at least one hundred and fifty billion yen (�sixteen or seventeen
billion dollars) per year. Moreover, diesel engine is strongly
damaged when illegal diesel fuel is used as normal fuel. Further-
more, by using it diluted with crude oil, a large amount of par-
ticular matter (PM) and nitrogen oxides (NOx) are discharged.
Such dirty exhaust is a cause of significant air pollution and as-
sociated respiratory diseases (including lung cancer).1

In order to identify the oils contaminated into diesel fuel,
coumarin has been artificially added by 1 ng/mL as a chemical
marker into kerosene and crude oil in Japan. Low concentration
(>0:1 ng/mL) of coumarin in oils can be detected by convention-
al fluorescence analysis.2 However, coumarin in oils is easily re-
moved by sulfuric acid treatment. An acidic effluent, termed sul-
fate pitch, is also produced as a by-product during this treat-
ment.3 The illicit abandonment of the sulfate pitch to the natural
environments (e.g., forests and mountains) causes further signif-
icant pollution for soil and atmosphere.4

Therefore, a new chemical marker is required to solve the
both economic and environmental problems related to illegal
diesel fuel production. A new marker must satisfy that it cannot
be removed by chemical and physical treatments (especially, by
sulfuric acid treatment). In a previous study, we demonstrated
another novel identification method of illegal diesel fuel by
using adamantane (tricyclo[3,3,1,1,3,7]decane) or [1, 2-D2] n-
tetradecane as a new chemical marker.5 These markers have spe-
cific ion fragments on gas chromatography/mass spectrometry
(GC/MS) analysis, which allows kerosene content in illegal die-
sel fuel to be quantitatively determined. Although these markers
have a high advantage that they cannot be removed by sulfuric
acid treatment, its poor detection limit (7–15 ng/mL) shows a de-
fect that the marker must be employed with higher concentration
by approximately one or two orders of magnitude than coumarin.

In this study, we demonstrated a novel method using a [1-D]
n-alkane as a chemical marker with stable hydrogen isotope
analysis, in order to improve the defect in the previous study.5

n-Alkanes are major components of diesel fuel as well as kero-

sene and crude oil. By addition of [1-D] n-alkane into kerosene
and crude oil, D content of a target n-alkane (which is the same
carbon-numbered n-alkane to the [1-D] n-alkane marker) in the
oils increases specifically. It is expected that detection of this D-
enriched n-alkane from diesel fuel becomes an undoubted proof
of its adulteration with kerosene or crude oil and that the degree
of the D-enrichment represents the mixing ratio between the oils.
Deuterium content of oil n-alkanes can be determined by com-
pound-specific stable hydrogen isotope analysis using GC/iso-
tope ratio mass spectrometry (GC/IRMS). GC/IRMS is a tool
to measure a quite small variation of natural isotope abundance
(D/H, 13C/12C, 15N/14N, and 18O/16O) of organic molecules,
and has widely been used for various studies such as geochem-
istry, biochemistry, environmental chemistry, and petroleum
chemistry.6–11

As the first attempt, this study focuses on a mixing system
between diesel fuel and kerosene, and we used [1-D] n-hexade-
cane (n-C16) or [1-D] n-octacosane (n-C28) as a chemical
marker. [1-D] n-C16 was available as a product from SIGMA-
ALDRICH. [1-D] n-C28 was synthesized from 1-octacosanol
(SIGMA- ALDRICH) according to previous studies.12

Abundance and carbon-number of oil n-alkanes were
identified and quantified by GC/MS.5 Compound-specific stable
hydrogen isotope analysis was carried out by GC/pyrolysis/
IRMS.9 Hydrogen isotopic composition (�D) is reported in per
mill (‰) as defined in eq 1:

�D ð‰Þ ¼ ðRsam � RstdÞ=Rstd�1000; ð1Þ

where Rsam and Rstd are the D/H ratio of the sample and interna-
tional standard [Standard Mean Ocean Water (SMOW)], respec-
tively. The �D measurement for oil n-alkanes was always better
than 7‰ (as 1�, standard deviation).

In the case of diesel fuel diluted by kerosene with [1-D] n-
C16, �D value of n-C16 in mixed oil well correlates with the ker-
osene content. For example, by the use of kerosene with 7 ng/mL
of [1-D] n-C16, �D value of n-C16 in mixed oil is enriched in D
by 39‰ (kerosene content of 40%) and 75‰ (kerosene content
of 60%) relative to that of normal diesel fuel (kerosene content
of 0%) (Figure 1). This D-enrichment is consistent with the
expected value from an isotopic mass balance calculation on
the mixing model. Thus, kerosene content in mixed oil can be
quantitatively determined by D-enrichment on the target n-
alkane, in which the uncertainty is estimated to be less than
�7% on the basis of analytical error of the �D measurement.
The marker concentration of 7 ng/mL is, however, still larger
than that of coumarin.

On the other hand, in the case of diesel fuel diluted by ker-
osene with 0.35 ng/mL of [1-D] n-C28, the kerosene content can
be determined by �D value of n-C28 in mixed oil with the uncer-

532 Chemistry Letters Vol.35, No.5 (2006)

Copyright � 2006 The Chemical Society of Japan



tainty being less than�4% (Figure 2). The marker concentration
is thus smaller than that of coumarin. n-C16 is a major n-alkane
of diesel fuel (�40mg/mL), whereas n-C28 is a minor one
(�0:2mg/mL). Therefore, the latter is easily labeled by its [1-
D] derivative with lower concentration than the former. These
results suggest that original concentration of a target n-alkane
in oils is a further important point to reduce adding volume of
[1-D] n-alkane marker.

As same as the previous study,5 it should be mentioned that
[1-D] n-alkane cannot be eliminated from mixed oil and that �D
variation during sulfuric acid and charcoal treatments is identical
within the analytical error (<�7‰) (Table 1). Thus, sulfuric
acid and charcoal treatments have no substantial effect on the
D content of oil n-alkanes, being in agreement with theoretical
idea on the isotopes that the same molecule with distinct isotopic
compositions cannot be easily separated because of their sub-
stantial the same physical and chemical properties.

This study clearly demonstrated that D-enrichment of a tar-
get n-alkane represents the kerosene content in mixed oil, and
that the use of [1-D] n-alkane as a chemical marker with com-
pound-specific hydrogen isotope analysis can improve the defect
(i.e. requirement of high concentration marker) in the previous
study.5 Moreover, because [1-D] n-alkane is almost the same
molecule to an n-alkane in oils except deuterium contents, it
should be expected that the artificial addition of it has no signif-
icant effect on oil quality and safety. Thus, we strongly suggest

[1-D] n-alkane as a high potential chemical marker to identify
illegal diesel fuel instead of coumarin, which will promise to
prevent production of illegal diesel fuel, regain lost tax, and
reduce environmental disruption.

We are grateful to Mr. Y. Tachibana, Tokyo Zairyo Co.,
Ltd., Japan, for kindly providing the suggestions of deuterium
derivatives.

References and Notes
1 Bureau of Environment, Tokyo Metropolitan Government

HP: http://www2.kankyo.metro.tokyo.jp/jidousya/six-result/
honpen/pdf-eg/all-eg.pdf

2 T. Mitsui, M. Hida, S. Okuyama, Bunseki Kagaku 1998, 47,
55.

3 T. Bito, J. Hoshi, S. Amano, H. Kamataki, Y. Sasaki, T.
Urabe, F. Sano, S. Ohba, Annual Report of The Tokyo
Metropolitan Research Institute For Environmental Protec-
tion, 2003.

4 T. Murata, Monthly The Waste, 2004, pp. 83–97.
5 Y. Suzuki, S. Ishioka, Y. Chikaraishi, T. Korenaga, Environ.

Sci., submitted.
6 J. M. Hayes, K. H. Freeman, B. N. Popp, C. H. Hoham, Org.

Geochem. 1990, 16, 1115.
7 A. L. Sessions, T. W. Burgøyne, A. Schimmelmann, J. M.

Hayes, Org. Geochem. 1999, 30, 1193.
8 T. Okuda, H. Kumata, H. Naraoka, R. Ishiwatari, H. Takada,

Org. Geochem. 2002, 33, 843.
9 Y. Chikaraishi, H. Naraoka, Phytochemistry 2003, 63, 361.
10 Y. Chikaraishi, Y. Suzuki, H. Naraoka, Phytochemistry

2004, 65, 2293.
11 A. Schimmelmann, A. L. Sessions, C. J. Boreham, D. S.

Edwards, G. A. Logan, R. E. Summons, Org. Geochem.
2004, 35, 1169.

12 L. W. Trevoy, H. G. Brown, J. Am. Chem. Soc. 1949, 71,
1675.

-80

-60

-40

-20

0

20

0 10 20 30 40 50 60 70

−34‰

2‰ 

−73‰

Kerosene content/% 

δD
 o

f 
n-

he
xa

de
ca

ne
(n

-C
16

)/
‰

7 ng/µL 70 ng/µL 350 ng/µL

Measuerd value (7 ng/µL)

0 ng/µL

Calculated value

Figure 1. D-Enrichment of n-C16 in diesel fuel diluted by
kerosene labeled with [1-D] n-C16.
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Figure 2. D-Enrichment of n-C16 and n-C28 in diesel fuel dilut-
ed by labeled kerosene (7 ng/mL of [1-D] n-C16 and 0.35 ng/mL
of [1-D] n-C28).

Table 1. �D change of n-C16 in the mixed oil (60% kerosene
with 7 ng/mL of [1-D] n-C16) during sulfuric acid or charcoal
treatment

Treatment Measured �D/‰
�after treatment - before treatment

/‰

Control þ2

Sulfuric acid þ13 þ11

Charcoal þ7 þ5
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