
1. Introduction

Crude petroleum is essentially a mixture of paraf-
finic, naphthenic and aromatic hydrocarbons with small
amounts of sulfur, nitrogen and oxygen containing
compounds1). Primary separation into various frac-
tions, defined by their boiling point ranges, is carried
out by distillation at numerous refineries around the
world. These products are then stored, and distributed
for further storage, at a variety of facilities including
depots, terminals, automobile service stations and gen-
eral industrial sites. Release of these products into the
environment is common and soil contamination, in par-
ticular, occurs through surface spills (e.g. during prod-
uct transfer) and/or by leaks from damaged or corroded
underground service lines and storage tanks2). The
assessment of sites thus contaminated requires the reli-

able quantification of residual hydrocarbons in the
soil3). Within a given regulatory framework4), such
data may be used to make recommendations and deci-
sions regarding site rehabilitation and development5).

A widely used, albeit loosely defined6), parameter for
expressing the aggregate amount (mg kg−1) of petrole-
um hydrocarbon compounds in a sample is the so-
called TPH (total petroleum hydrocarbons)7). The
semi-volatile TPH parameter is considered to include
hydrocarbons of chain length C10-C368). In Australia,
at the national level, there are currently no guidelines or
prescribed standard method for the determination of
TPH levels in contaminated soils9). A consequence of
this is that different laboratories, although employing
similar methods, might be varying the details of one or
more of the composite procedures. For example, the
choice of solvent used for the extraction of TPH from
soil samples might be dictated by the need to cut costs
or to reduce toxicity. A tabulation of relevant infor-
mation relating to such matters as cost, properties,
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occupational health and safety concerns etc. for the
three solvents used in this study is given in Table 1.

According to a recent survey carried out by the
Victorian Environmental Protection Authority
(VicEPA)9), most laboratories use DCM/acetone
(50%v/v), 2-propanol or DCM, Fig. 1.

Thus 50%v/v DCM/acetone or neat 2-propanol are
sometimes substituted for neat DCM. To our knowl-
edge, the difference in the extraction efficiencies
between these three solvent systems, in particular, has
never been investigated. This study investigates the
effect on TPH values of using 50%v/v DCM/acetone
versus neat DCM and 50%v/v DCM/acetone versus
neat 2-propanol for the analysis of TPH levels in sam-
ples from real contaminated sites. Such investigations
will help in the development of a national standard test
so that all laboratories can use the same, or equivalent,
test methods. This will allow site assessors to have
more confidence in analytical results obtained from dif-
ferent laboratories.

2. Experimental

2. 1. Chemicals and Equipment
All chemicals (Crown Scientific, Melbourne,

Australia) were of the highest grade. Ultrapure water
was used throughout. All glassware was cleaned
before use by soaking in a 2%v/v Pyroneg® (Diversey
Levy, Australia) solution for approximately 8 h and in a
2%w/v chromic acid solution for a further 2 h. The
glassware was then rinsed with water and acetone, and
then air-dried. All pipettes and volumetric flasks were
calibrated before use. Contaminated soils were stored
at 4°C in 1 l screw-cap glass jars until the sub-sampling
stage of analysis. Sub-samples were solvent extracted
in 125 ml screw-cap glass jars with Teflon (PTFE) lin-
ers. Samples for gas chromatographic analysis were
contained in 2 ml PTFE rubber-lined gas chromato-
graphic (GC) glass vials (Proscience, Melbourne,
Australia) with crimpable caps. The crimper (SGE
Scientific, Australia) was designed specifically for
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Fig. 1 Results of a Survey of Extractant Solvent Use in
Australian Analytical Laboratories



GC/FID work. A Branson 8210 ultrasonic bath (950
watt, 47 kHz), with a capacity to hold twenty extraction
jars, was employed. Samples containing fine particles
were centrifuged using a MSE Microcentaur.
2. 2. Preparation of Standards

For calibrations, certified grade alkane standards,
with purities >99% (Sigma-Supelco; Ultrascientific,
Australia) were used. A stock solution of 104 ng µl−1

was prepared by weighing known quantities of n-
C9H20, n-C10H22, n-C12H26, n-C14H30, n-C16H34, n-
C18H38, n-C24H50, n-C28H58, n-C30H62, n-C32H68 and n-
C36H74 into a 100 ml volumetric flask and making up to
the mark with DCM. Calibration standards of 2 and
10 ng µl−1 and spiking standards of 25 and 1000 ng µl−1

(to conduct recovery studies for quality assurance)
were prepared by appropriate dilution of the DCM
stock10).
2. 3. Sampling

Bulk samples were taken from a number of sites,
known to be contaminated with TPH. For the ana-
lyses where DCM and DCM/acetone were used as
extractant solvents (Study 1), 36 bulk samples of ca. 1
kg each were received from five former petrol station
sites across Australia. For the analyses where
DCM/acetone and 2-propanol were used as extractant
solvents (Study 2), 42 bulk samples of ca. 0.25 to 0.50
kg each were received from the site of a former oil
refinery. Prior to further characterization, all bulk
samples were homogenized using a standard mortar
and pestle technique10). For both Studies 1 and 2,
seven 10 g sub-samples were taken from each of the
homogenized bulk samples. Standard sub-sampling
techniques were employed10)～ 12). Each set of seven
sub-samples was processed as follows: Study 1 (total
of 36 sets, 7 × 36 = 252 sub-samples): Sub-sample 1 –
tested for soil type; Sub-samples 2 & 3 – duplicate
analysis for moisture content; Sub-samples 4 & 5 –
duplicate extraction in neat DCM; Sub-samples 6 & 7 –
duplicate extraction in 50%v/v DCM/acetone. Study
2 (total of 42 sets, 7 × 42 = 294 sub-samples): Sub-sam-
ple 1 – tested for soil type; Sub-samples 2 & 3 – dupli-
cate analysis for moisture content; Sub-samples 4 & 5 –
duplicate extraction in 50%v/v DCM/acetone; Sub-
samples 6 & 7 – duplicate extraction in neat 2-
propanol.
2. 4. Soil Types and Moisture Content

Sub-sample 1 for each of the 78 sets of samples in
Studies 1 and 2, was characterized using the Northcote
Bolus Manipulation Method13). Sub-samples 2 & 3
(duplicates) for each of the 78 sets were analyzed for
moisture content according to a standard procedure14).
The distribution of different soil types over the 78 sub-
samples, and moisture content data, are given in Table
2.
2. 5. Solvent Extraction of Soil Samples

The following procedure was carried out for Sub-

samples 4 & 5 (respective duplicates) and 6 & 7
(respective duplicates) in both studies. To each of the
soil sub-samples (10 g), contained in a 125 ml glass jar,
was added 20 ml of the appropriate solvent; with rapid
mixing to eliminate clumping. The jar was then
placed in an ultrasonic bath, cooled with ice packs to a
minimum of 10°C, and sonicated for 10 min. The
extracts were dried over anhydrous sodium sulfate (ca.
5-10 g) while mixing well with a glass rod, and the
samples were sonicated for a further 10 min. The soil
was then allowed to settle from the solvent fraction.
A portion of the supernatant was centrifuged at 13,000
rpm for 5 min or until the supernatant was clear. A
sample of between 1-2 ml was transferred to a 2 ml
glass crimp-top GC vial and crimped immediately to
avoid evaporation. Each vial was set aside for subse-
quent GC/FID analysis. Samples were processed in
batches of ten vials (five duplicates). For each batch
one reagent blank and one soil blank analysis was car-
ried out, and one recovery sample was analyzed. The
soil blank was carried out using a “hydrocarbon free
soil matrix” and the recovery sample was prepared by
carefully spiking a soil blank with a known quantity of
TPH. A recovery of between 80-100% was achieved,
which is considered to be acceptable for such meth-
ods11),15).
2. 6. Semi-volatile TPH Analysis

All extracts were analyzed by a gas chromatography
flame ionization detector method (GC/FID)9),10),15)～ 17).
The instrument used was a Hewlett-Packard 5890
Series II fitted with a SGE BPX5 (25 m × 0.22 mm
I.D. × 0.25 µm film thickness) column, a Hewlett-
Packard 7673A auto sampler and HP Chemstation soft-
ware. The parameters chosen were as follows: 325°C
injector temperature, 350°C detector temperature, 175
kPa column head pressure, 40°C initial value for the
oven temperature program, initial hold time of 0.8 min,
temperature rate of 27°C min−1 up to 100°C and 35°C
min−1 up to 350°C, final hold time of 5 min. The
instrument was calibrated using the 2 ng µl−1 working
standard, described previously. Figure 2 shows the
chromatogram obtained for the standards mixture.

The TPH (C10-C36) values were calculated on a mois-
ture-free basis (mg kg−1) using the integration events
timetable facility of the HP Chemstation software.
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Table 2 Soil Type Classification, Distribution and Moisture
Content for the Selected Sub-samples

Sub-sample classification Moisture content
Soil type

Study 1a) Study 2a) Study 1b) Study 2b)

Sand 13 12 12.4 11.3
Clay 39 55 16.9 13.9
Sandy loam 48 33 13.1 9.9

a) % of total number of sub-samples. b) average % by weight.



The data were recorded as duplicate averages. Con-
centrations at and above 75 mg kg−1 were used in the
statistical analysis10).

3. Results

Figures 3(a) and 3(b) show chromatograms which
are representative of the 72 (duplicate) procedures
where extraction was carried out with DCM/acetone
and DCM, respectively (Study 1).

Figures 4(a) and 4(b) show chromatograms which
are representative of the 84 (duplicate) procedures
where extraction was carried out with DCM/acetone
and 2-propanol, respectively (Study 2).

Each TPH datum represents one such integrated pro-
file over the C10-C36 range. Although such a datum is
commonly referred to as the total petroleum hydrocar-
bon (TPH) content, and forms the basis for routine TPH
analysis, it is actually a measure of the total extractable
organic content of the sample under a given set of con-
ditions18). Thus it can be seen from Figs. 3 and 4 that
literally hundreds of unidentified components may be
present. The comparative data for the 36 samples of
Study 1 and the 42 samples of Study 2 are represented
in Figs. 5 and 6, respectively.

The two sets of data were statistically analyzed using
a paired t-test19) at the 0.05 probability level. The null
hypothesis, that different extractant solvents do not lead
to significantly different readings of THP values, is
accepted for Study 1 [t(calc) = 0.95 < t(critical) = 2.04,
P = 0.05, n = 36 ] and rejected for Study 2 [t(calc) =
4.58 > t(critical) = 2.04, P = 0.05, n = 42]. An F-test
(P = 0.05) for the former study revealed no significant
difference in precision between the two methods.

Raw data are available upon request.
Although soxhlet extraction has been demonstrated

to be more effective in removing TPH from clay soil
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Fig. 2 Chromatogram for the TPH Standards

Fig. 3 Representative Chromatograms for TPH Extracted with
(a) 50%v/v DCM/Acetone and (b) Neat DCM, Respec-
tively



compared to sonication extraction20), this study applied
sonication throughout, since the aim was to only to
compare the effect of solvent on relative TPH
extractability. It is anticipated that similar relative
results would be attained by soxhlet, although this
would have to be confirmed. For such large numbers
of analyses, sonication is preferred for experiments of
this kind. An additional consideration in this work is
that this study and the study referred to20), were carried
out at approximately the same time and the opportunity
did not exist to relate the outcomes of one to the other.
In this investigation, soil type and moisture content
have been carefully monitored to ensure that these vari-
ables are as well characterized as possible, Table 2.
Our data suggests that for sand, clay and sandy loam,
there is no significant influence for moisture contents
up to 17% (by weight). Research is presently being
carried out to further investigate the specific influence
on TPH levels of soil type and moisture content, as
well as the volume ratios of acetone and DCM used in
TPH extraction.

4. Conclusion

The use of DCM versus 1 : 1 DCM/acetone is found
to produce no significant difference in the extractable
concentration of TPH. On the other hand, at the same
level of confidence (95%), the use of 1 : 1 DCM/ace-
tone versus 2-propanol results in significantly different
extractable concentrations of TPH. These investiga-
tions suggest that for routine field samples, and for sites
of the type represented here, 50%v/v DCM/acetone
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The chromatograms are truncated at the top in order to save
space.

Fig. 4 Representative Chromatograms for TPH Extracted with
(a) 50%v/v DCM/Acetone and (b) Neat 2-Propanol,
Respectively

Fig. 5 Comparison of TPH (C10-C36) Concentrations Obtained with DCM and 50%v/v DCM/Acetone as Extractant
Solvents



may be confidently substituted for neat DCM as an
extractant solvent. However, 2-propanol is not rec-
ommended as a substitute for either 50%v/v DCM/ace-
tone or DCM.
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要　　　旨

土壌試料中の石油系炭化水素総量の定量分析における抽出用溶剤の比較
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……………………………………………………………………

汚染土壌中の半揮発性石油系炭化水素総量（Total Petroleum

Hydrocarbon，TPH，C10～C36）の分析法は，改良または最適化

を要する多くの手順から構成されている。その手順の一つが，

適切な溶剤を使用して土壌試料から TPHを抽出することであ

る。溶剤としてジクロロメタン（DCM）が広く用いられてい

るが，理想的にはコスト，抽出効率，作業上の安全衛生を考慮

して，最適な溶剤が選択されるべきである。本研究では，

DCMと同等の抽出効率を有し，購入および廃棄コストが廉価

で毒性の少ない代替溶剤について検討した。汚染場所から採取

した土壌 78試料を用いて，2種類の検討を行った。一つ目は

抽出用溶剤として DCMと 50％v/v DCM／アセトンを土壌 36

試料で比較し，二つ目は 50％v/v DCM／アセトンと 2-プロパ

ノールを土壌 42試料で比較した。抽出物中の TPHは，FID検

出器付きガスクロマトグラフにより求めた。統計上の検定解析

を行った結果，抽出用溶剤として DCMの代わりに 50％v/v

DCM／アセトンを使用できることが示唆された。一方，2-プ

ロパノールは，50％v/v DCM／アセトンや DCMの代用として

推奨されない。


