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Determination of aromatic hydrocarbons in asphalt release agents
using headspace solid-phase microextraction and gas
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Abstract

The possibility of quantitative analysis of aromatic hydrocarbons in oil-based asphalt release agents was investigated using headspace
solid-phase microextraction (HS-SPME) followed by gas chromatography–mass spectrometry (GC–MS). The target analytes studied were
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enzene, toluene, ethylbenzene,p-, m-, ando-xylene (BTEX) and 1,3,5-trimethylbenzene and 1,2,4-trimethylbenzene. Experimental
ters influencing HS-SPME efficiency were studied (equilibration time between sample and headspace and between headspac
ber, sample amount and sample matrice effects). A HS-SPME method using hexadecane as a surrogate matrice was developed.

imit was estimated as 0.03–0.08 ppm (w/w) for the target analytes investigated. Good linearity was observed (R2 > 0.999) for all calibration
urves at high, medium and low concentration level. The repeatability of the method (RSD, relative standard deviation) was found
han 10% (generally less than 5%) in triplicate samples and approximately 2% at eight consecutive tests on one and the same
ccuracy of the method given by recovery of spiked samples was between 85 and 106% (generally between 95 and 105%). The
ethod developed was applied to four commercially available asphalt release agents. External calibration and standard addition
ere investigated regarding accuracy. The results showed that standard addition generates higher accuracy than external cal
ontents of target aromatic hydrocarbons in the asphalt release agents studied varied greatly from approximately 0.1–700 ppm.
escribed looks promising, and could be a valuable tool for determination of aromatic hydrocarbons in different types of organic m
2005 Elsevier B.V. All rights reserved.
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. Introduction

Asphalt release agents are widely used in road construc-
ions to solve the problems of bituminous materials sticking
o the metal surface of truck beds, paving machine or sim-
le paving tools like shovels during road construction[1].
ost of the commercially available asphalt release agents

an be categorized into three main groups according to the
ain active ingredients, i.e. petroleum oil, fatty oil and non-
il based agents, respectively. Traditionally, petroleum oils,
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such as diesel oil and kerosene were used as asphalt r
agents. However, such products have been criticized
environmental as well as binder integrity reasons. There
other products like fatty oil based agents (mostly natur
modified vegetable oils), claimed to be biodegradable
environmental-friendly, were used. Non oil-based prod
have also been proposed. This type of asphalt release a
varies with regard to active component(s) and is often e
sified in water for ease of application.

An asphalt release agent, especially a petroleum oil b
one, is a complex mixture with considerably varied c
position. The emission generated during application of
type of agents, especially when being used in hot-mix as

021-9673/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2005.02.011



236 B. Tang, U. Isacsson / J. Chromatogr. A 1069 (2005) 235–244

production, contains a large number of organic compounds,
some of which may be hazardous to the workers’ health, e.g.
aromatic hydrocarbons (benzene and alkylated benzenes) and
polycyclic aromatic hydrocarbons (PAHs). Volatile aromatic
hydrocarbons, especially BTEX, an acronym for benzene,
toluene, ethylbenzene and the xylene isomers (p-,m-, ando-
xylenes), are of primary concern with regard to health and en-
vironmental aspects and have been widely monitored[2–5].
Analytical techniques for determination of volatile aromatic
hydrocarbons in oils have made major advances in the past
years[6,7]. Due to complexity of oil composition, sample
cleanup and fractionation are normally required[8]. For as-
phalt release agents, corresponding analytical methods were
not found in the literature, and therefore, it is of great interest
to develop a reliable and efficient method. In consideration
of the nature of asphalt release agents, the method to be de-
veloped should satisfy the following requirements: (1) appli-
cable for different types of asphalt release agents (no matter
petroleum or fatty oil based); (2) a “direct” method without
sample pretreatment procedure (to avoid the loss of target an-
alytes); (3) relatively “clean” (to avoid introduction of large
molecules into GC column and reduce the deterioration of
GC column). SPME technique may provide such a possible
approach.

SPME was introduced in the beginning of the 1990’s as a
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was applied to four commercially available asphalt release
agents. Although this study only covers the subject of aro-
matic hydrocarbons in asphalt release agents, it is believed
that, the methodology may also be applied to characteriza-
tion of other types of volatile organic compounds in different
organic matrices.

2. Experimental

2.1. Chemicals and samples

Neat aromatic standards, benzene (Ben), toluene (Tol),
m-, p- and o-xylene (Xyl), ethylbenzene (Etb), 1,3,5-
trimethylbenzene (1,3,5-T) and 1,2,4-trimethylbenzene
(1,2,4-T) (Supelco, Sweden) were used to prepare stock
solution in n-hexane (> 99% by GC, Merck, Germany).
Throughout the study, ethylbenzene-d10 (Supelco, Sweden)
was chosen as internal standard. In all cases, the concentration
of the stock solution inn-hexane was 10 mg ml−1. The stock
solutions were diluted into various calibration standards
using n-hexane. A standard mixture (revised PVOC/GRO
mix, Supelco, Sweden), containing 10 compounds (methyl
tert-butyl ether, benzene, toluene, ethylbenzene,m-, p-,
o-xylene, 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene,
n n of
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olvent-free sampling and sample preparation techniqu[9].
t represents a rapid, sensitive and easily automated app
hat simplifies the analysis of volatile and semi-volatile,
ar and non-polar compounds in various matrices. A l
umber of papers as well as a few books have been pub
escribing theoretical studies and applications of SPME

ng the last decade[10–14]. SPME technique has been wid
pplied in determination of aromatic hydrocarbons in dif
nt sample matrices such as air[15–23], water[24–32], oil

33–35] and solid samples[36–38]. However, no study ha
itherto been published on the application of SPME t
ique to asphalt release agents.

In this paper the development of a HS-SPME met
or extraction and analysis of aromatic hydrocarbons f
il-based asphalt release agent samples is presented

arget analytes includes BTEX, 1,3,5-trimethylbenzene
,2,4-trimethylbenzene. Experimental variables affec
S-SPME procedure, such as analyte equilibration bet
eadspace and sample matrice, extraction time profile o
lytes, effects of sample amount as well as sample ma
ere studied. Different calibration approaches including

ernal calibration and standard addition with and withou
ernal standard were investigated, and the method deve

able 1
roduct information of asphalt release agents studied

gents name Product description

IE 100% petroleum oil bas
ME 100% based on derivat
IO 50–100% mixture of pe
F1 100% vegetable oil from
e

aphthalene) with each compound at a concentratio
000�g ml−1 in methanol, was used as a qualitative cali

ion standards after dilution inn-hexane. Among these
ompounds, methyltert-butyl ether and naphthalene w
ot studied, as not being target analytes in this investiga
exadecane (C16H34) (Supelco, Sweden) was used as
urrogate sample matrice during the method developm
he four asphalt release agents studied (cf.Table 1, abbrevi-
ted to DIE, BIO, RME and AF1, respectively) were obtai

rom a contractor and tested without any further pretreatm

.2. HS-SPME device

The SPME device, consisting of a manual holder
100�m polydimethylsiloxane (PDMS) fiber, was o

ained from Supelco, Sweden. A crimp-top borosilicate g
ial (capacity about 24 ml, height 85 mm, diameter 23 m
cherfChroma, Germany), a 18 mm laminated butyl-P
eptum (ScherfChroma, Germany) and a plastic screw
ith a hole in the middle were used as head space se
hen the sample was introduced into the vial, the top o

ial was sealed immediately with septum and screwed tig
ith the cap. Before SPME sampling, the septum was pie

ducts hydrocarbons: C9–C20; boiling point distribution: 163–357◦C
vegetable oil (rapeseed oil); flash point: 118◦C; solidifying point:−8◦C

oil and vegetable oil hydrocarbons: C11–C16; flash point: > 77◦C
eed and other vegetable plants, flash point: 140◦C; solidifying point:−12◦C
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by a syringe needle to facilitate the passage of the SPME nee-
dle. After inserting the SPME needle into the HS vial through
the precored septum, the fiber was exposed in the headspace
above the sample. After sampling, the fiber was redrawn into
the SPME needle and ready for GC–MS analysis.

2.3. Instrumentation of GC–MS

All the analysis was performed using a Varian 3400 gas
chromatograph coupled with a Finnigan SSQ 7000 mass
spectrometer. The GC column used was a DB-WAX po-
lar capillary column (J&W Scientific, Folsom, CA, USA,
30 m× 0.25 mm I.D. and a film thickness 0.25�m). Car-
rier gas was helium at a pressure of 68,950 Pa. The in-
jector temperature was 215◦C (splitless injection for 45 s)
and the transfer line was operated at 225◦C. The GC col-
umn was programmed from 40◦C (hold 3 min) to 80◦C at
5◦C min−1 (no hold) and then to 220◦C at 20◦C min−1 (hold
3 min). The mass spectrometer was operated at 70 eV EI
mode. The source temperature was 150◦C and the mani-
fold temperature 70◦C. MS full scan mode at a range of
45–400m/z (2 scans s−1) was used for qualitative screening
analysis of the samples, whereas selected ion monitoring
(SIM) mode was used for quantitative analysis. The ions mon-
itored includedm/z78* for benzene; 91* for toluene; 91* and
1 * r
e ne
a , all
p arked
w trum
l , ver-
s

2

ro-
c t an-
a iquid
s well
a

ing
H each
o then
a udy,
t

ing
H ch of
t hex-
a min.
S tion
t y. Af-
t min
t and
h

tion
t sted

are comparably high (100 and 50 ppm, respectively), and
the total amount of each analyte extracted after performing
consecutive tests is less than 1%. Consequently, consecutive
extractions of target analytes will not lead to significant
decrease in concentration level, and the change of multiphase
equilibrium can be considered negligible.

In order to find out if the sample amount affects the amount
of analyte extracted, samples of different amount (0.5, 1, 2
and 4 g hexadecane spiked with each target analyte at 20 ppm)
were analysed using the HS-SPME procedure (equilibration
time of 60 min and extraction time of 5 min).

Sample matrice effects were investigated by spiking a
series of internal standard of ethylbenzene-d10 in 1 g DIE,
BIO, RME and AF1, respectively. The concentrations were
0.2, 2, 20 and 200 ppm, respectively. HS-SPME was per-
formed following the procedure optimized in tests just de-
scribed. The peak areas of ethylbenzene-d10 atm/z116 were
integrated.

A preliminary experimental study estimated that
the content of individual aromatic hydrocarbons varied
widely between different asphalt release agents stud-
ied: AF1 < 10 ppm, BIO and RME 1–100 ppm and DIE
100–1000 ppm (except benzene). However, for benzene,
the contents measured for BIO, RME and DIE are much
lower (about 1/10 of the low limit of the corresponding
r ation
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06 for ethylbenzene and xylene isomers; 98and 116 fo
thylbenzene-d10, 105* and 120 for 1,3,5-trimethylbenze
nd 1,2,4-trimethylbenzene. If not indicated in the text
eak areas were integrated based on the primary ion (m
ith star) in SIM mode. The computer-based MS spec

ibrary used was the NIST mass spectral search program
ion 1.7.

.4. Testing procedures

A few key experimental variables of the HS-SPME p
edure were studied, namely time required for the targe
lytes to reach equilibrium between headspace and l
ample, extraction time profile for the target analytes as
s sample amount and sample matrice.

The equilibration time was investigated by perform
S-SPME on 1 g hexadecane containing 100 ppm of
f the aromatic standards at every 60 min up to 360 min,
t 520 min and finally at 24 h. During the course of this st

he SPME extraction time was kept constant (5 min).
The extraction time profile was obtained by perform

S-SPME on 1 g hexadecane containing 50 ppm of ea
he aromatic standards. After introduction of the spiked
decane, the HS vial was sealed and equilibrated for 60
PME sampling was performed consecutively at extrac

ime 10, 20, 40, 60, 120, 300, 600 and 1200 s, respectivel
er each extraction, the sample was re-equilibrated for 60
o make sure that the equilibrium between the sample
eadspace was reached.

It should be noted that, in the investigation of equilibra
ime and extraction time, the analyte concentrations te
ange). Based on the estimation, three series of calibr
tandards were prepared in hexadecane covering d
nt concentration levels (low concentration level tes
enzene 0.00064–0.4 ppm, toluene 0.0064–4 ppm,m-, p-,
-xylenes and 1,3,5-trimethylbenzene 0.0032–2 ppm, 1
rimethylbenzene 0.0128–8 ppm; cf.Table 2for medium and
igh concentration level, respectively). All these stand
ere analysed using the HS-SPME procedure based on

ng parameters determined. Triplicate samples (hexade
piked with aromatic standards) were tested and line
etection limit, relatively standard deviation (RSD) a
ercentage of recovery of analytes were calculated.

.5. Determination of aromatic hydrocarbons in asphalt
elease agents

To further evaluate the applicability of the HS-SPM
ethod for asphalt release agent samples, two diff

alibration approaches (external calibration and stan
ddition) were investigated for determination of arom
ydrocarbons in DIE. Besides hexadecane, AF1 was
sed as a surrogate matrice for preparation of ext
alibration standards at high concentration level. The s
f a target analyte in DIE spiked with internal standard
ompared with the corresponding external calibration c
btained using hexadecane and AF1 as sample ma
fter which the concentration was calculated. As for stan
ddition approach, a linear regression curve was forme

nterpolation (the signal of target analyte in pure sample
educted from the signal in sample spiked with standa
nd the concentration of target analyte was calculated
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Table 2
Validation of the HS-SPME method for determination of aromatic hydrocarbons at low, medium and high concentration level in spiked organic matrice
(hexadecane)

Analytes LOD Linear range Spiked
concentration

No I.S. I.S.

R2 Mean RSD% Rec.% R2 Mean RSD% Rec.%

Low concentration level
Ben 0.032 0.032–0.4 0.032 0.9994 0.0323 4.3 101 0.9998 0.0272 3.9 85
Tol 0.08 0.32–4 0.32 0.9998 0.318 3.6 100 0.9999 0.310 4.6 97
Etb 0.04 0.16–2 0.16 0.9999 0.174 2.9 109 0.9993 0.167 0.9 104
p-Xyl 0.04 0.16–2 0.16 0.9997 0.150 5.1 94 0.9991 0.143 2.0 89
m-Xyl 0.04 0.16–2 0.16 0.9992 0.150 6.9 94 0.9998 0.145 4.5 91
o-Xyl 0.04 0.16–2 0.16 0.9996 0.158 5.1 99 0.9999 0.152 3.0 95
1,3,5-T 0.04 0.16–2 0.16 0.9996 0.156 1.2 98 0.9997 0.150 2.6 94
1,2,4-T 0.032 0.64–8 0.64 0.9996 0.618 2.4 97 0.9998 0.601 2.7 94

Medium concentration level
Ben 0.2–4 0.8 0.9999 0.83 5.8 104 0.9997 0.83 3.2 103
Tol 2–40 8 0.9998 8.0 3.0 100 0.9998 8.0 2.6 99
Etb 1–20 4 0.9998 4.1 3.0 102 0.9999 4.1 0.4 102
p-Xyl 1–20 4 0.9994 4.1 3.9 104 0.9997 4.1 1.2 103
m-Xyl 1–20 4 1.0000 3.9 3.2 98 0.9999 3.9 0.9 98
o-Xyl 1–20 4 0.9999 4.1 4.4 102 0.9999 4.1 1.8 103
1,3,5-T 1–20 4 0.9997 4.2 3.2 104 0.9998 4.1 1.3 103
1,2,4-T 4–80 16 0.9999 17.0 3.4 106 0.9998 16.9 1.2 106

High concentration level
Ben 10–500 100 0.9999 102.5 4.7 103 0.9998 97.7 2.9 98
Tol 10–500 100 0.9999 101.0 3.9 101 0.9998 103.1 1.6 103
Etb 10–500 100 1.0000 98.9 2.5 99 0.9999 101.2 0.2 101
p-Xyl 10–500 100 0.9999 98.2 2.7 98 0.9998 100.5 0.7 100
m-Xyl 10–500 100 0.9999 95.8 3.1 96 0.9997 98.1 0.9 98
o-Xyl 10–500 100 0.9999 95.0 3.0 95 0.9999 97.3 0.8 97
1,3,5-T 10–500 100 0.9998 98.3 2.7 98 0.9996 100.1 0.5 100
1,2,4-T 10–500 100 0.9998 96.1 3.3 96 0.9995 98.3 1.1 98

Note: The calculated mean was based on triplicate samples (n= 3). I.S.: internal standard. The concentrations of internal standard are 0.1, 1 and 100 ppm for
low, medium and high concentration level, respectively.

the interpolated regression curve. A conventional analytical
method (syringe injection) was also applied for DIE as a con-
trol method. The conventional method used the calibration
standards inn-hexane varying in the concentration range from
0.08 to 80�g ml−1 for target analytes. DIE was dissolved in
hexane to give a concentration of 20 mg ml−1. All calibration
standards, as well as the DIE solution, contain 1�g ml−1

ethylbenzene-d10. The GC–MS instrumentation parameters
were the same as those used in the HS-SPME method, except
that the liquid sample (1�l) was directly injected using a sy-
ringe and a 3 min solvent delay was applied in MS detection.
Due to the fact that the other studied asphalt release agents
contain polar compounds (e.g. fatty acid methyl esters)
with comparably higher boiling points and increased risk
of deterioration of the GC column may occur, the syringe
injection was not performed for the other asphalt release
agents.

After the comparison of the results obtained from different
calibration approaches for DIE, standard addition approach
was chosen for determination of aromatic hydrocarbons in
the other asphalt release agents, BIO, RME and AF1. In
these cases, corresponding series of calibration standards at
medium or low concentration range was used.

3. Results and discussion

3.1. Optimization of HS-SPME procedure

3.1.1. Selection of a surrogate sample matrice
When developing a HS-SPME procedure for a given type

of materials to be tested, the selection of the sample matrice
is of outmost importance. For example, for aqueous samples,
pure water is often used as a standard matrice[24,25,30],
and a certified solid soil can be used as a standard matrice for
soil samples[36]. However, no standard or certified sample
matrice for asphalt release agents was found in practice. The
requirements of such standard matrice at least include: (1)
having chemical and physical properties similar to the sam-
ples tested; (2) containing no or negligible amount of target
analytes; (3) being not reactive with the target analytes; (4)
containing no or negligible interfering compounds. Based
on these considerations, neat hexadecane (no aromatic
compounds were found by GC–MS checking) was selected
throughout the experiment. Hexadecane is a long-chain non-
polar alkane solvent with a high boiling point (283–286◦C)
and volatility lower than the target analytes. It has been used
as a standard sample matrice for determination of volatile
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Fig. 1. Total ion chromatogram of hexadecane spiked with aromatic stan-
dards (100 ppm each in 1 g hexadecane) by HS-SPME (sample equilibration
time 60 min, SPME extraction time 5 min).

organic compounds in packaging materials by HS-SPME
[38]. The total ion chromatogram of hexadecane spiked with
aromatic standards (100 ppm each in 1 g hexadecane) by
HS-SPME is shown inFig. 1. Hexadecane peak is far away
from the peaks of target analytes. Furthermore, the amount
of hexadecane extracted by SPME fiber is less than target
analytes at a concentration level of 100 ppm. Therefore,
hexadecane could be a suitable surrogate sample matrice.

3.1.2. Equilibration of samples
In order to obtain the proportional relationship between

extracted amount of analytes by HS-SPME and initial con-
centration of analytes in the sample, multiphase equilibrium
should be reached. The equilibration process involves the
three phases: fiber coating, the headspace and the liquid sam-
ple matrice.

The equilibration of target analytes between headspace
and liquid sample matrice was studied. The results inFig. 2
clearly shows that the extracted amount of target analytes at
different equilibration time (from 60 min up to 24 h) are kept
almost constant, indicating that equilibrium in practice was
already reached at 60 min for all target analytes. Although
a slight increase of extracted amount from 60 to 120 min
was observed, this increase was considered to be practically

F h) in
h tractio
t

Fig. 3. Extraction time profile of spiked aromatic hydrocarbons (50 ppm
each) in hexadecane (1 g).

insignificant. Less equilibration time will also shorten the
overall analysis process. Therefore, a 60 min equilibration
time was used for all HS-SPME tests. For repeated SPME
extractions of the same sample, re-equilibration was 60 min.

3.1.3. Extraction time profile
The aromatic hydrocarbons studied normally reach

equilibrium on the SPME fiber very fast (in a few minutes)
with the headspace phase as described in literature[11,15].
The same thing was observed in our tests as shown in
the extraction time profile (cf.Fig. 3). As expected, more
volatile analytes like benzene and toluene reach equilibrium
faster (40–60 s) than less volatile compounds like 1,3,5- and
1,2,4-trimethylbenzene (approximately 5 min). Based on the
results presented inFig. 3, 5 min was chosen consistently in
all SPME extraction procedures. The desorption time, 5 min,
was chosen based on regular checking of the cleanness of
the SPME fiber by GC–MS.

3.1.4. Effect of sample amount
SPME theory indicates that sample amount (volume) may

affect the amount of analytes extracted in a confined vial
[11]. However, the test results (RSDs of the area accounts
vary from 1 to 8% at different sample amounts for each an-
alyte) indicate that such effects on amount of target analytes
e ount
i pro-
c

3
he

f ating
d plex-
i y of
c ction
o , the
S ple
m rly
i ted
ig. 2. Equilibration of spiked aromatic hydrocarbons (100 ppm eac
exadecane (1 g) between head space and hexadecane (SPME ex

ime 5 min).

n

xtracted is not significant in the range of sample am
nvestigated. To remain the consistency of experimental
edure, 1 g sample was chosen in all tests.

.1.5. Effect of sample matrice
As shown inFig. 4, the total ion chromatograms of t

our asphalt release agents differ from each other, indic
ifferent sample matrices among these agents. The com

ty of the sample matrice not only increases the difficult
hromatographic separation but also competitive extra
f non-target compounds on SPME fibers. Therefore
PME extraction efficiency may vary in different sam
atrices. InFig. 5, effects of sample matrices are clea

llustrated. In general, matrice effects may be attribu
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Fig. 4. Total ion chromatograms of asphalt release agents extracted by HS-
SPME and analysed using GC–MS full scan mode (m/z 45–400) (sample
amount, 1 g; sample equilibration time, 60 min; extraction time, 5 min; des-
orption time, 5 min).

Fig. 5. Sample matrix effects on extraction of ethylbenzene-d10 (peak area
atm/z116 was integrated) in asphalt release agents at different concentration
level (0.2, 2, 20 and 200 ppm, respectively).

to competitive extraction of other organic compounds co-
existing with the target analytes, as well as physico-chemical
properties of the sample matrice[11]. In principle it is impos-
sible to find a standard matrice for all types of asphalt release
agents as these products may vary considerably with regard
to chemical composition (cf.Fig. 4), and therefore, the stan-
dard addition method could be an alternative approach. On
the other hand as illustrated inFig. 5, the range of variation
in the target analyte response at 200 ppm is about 10% due to
the different sample matrices (at 0.2 ppm, the corresponding
variation range is 20%). These figures indicate that external
calibration using a surrogate matrice may be feasible at least
for semi-quantitative analysis. For comparison purpose, both
external calibration using hexadecane and calibration of
standard addition were used in this study for determination
of aromatic hydrocarbons in asphalt release agents.

3.2. Validation of the HS-SPME method based on
hexadecane

The validation of the HS-SPME method was conducted
by determining the concentration of target analytes spiked
in surrogate sample matrice (hexadecane) at different (low,
medium and high) concentration levels. The linearity, detec-
tion limit, accuracy as well as repeatability were investigated.

3
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.2.1. Linearity
In general, SPME methods show wide ranges of linea

or example, for fuel related hydrocarbons in water sam
he ranges of the linearity observed between 3 and 6 o
f magnitude have been reported[24].

The linearity of the calibration curve covering differ
oncentration levels for target analytes in hexadecane

nvestigated. As shown inTable 2, all of the squares of corr
ation coefficient are greater than 0.999 for low, medium
igh concentration level no matter with or without inter
tandard. The results indicate very good linearity at the
f the HS-SPME procedure.
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3.2.2. Detection limit
The limit of detection (LOD) was estimated by analysis

of a series of spiked hexadecane with calibration standards
at low concentration level. The detection limit was estimated
as the concentration with a signal/noise ratio (S/N) at 3:1.
As shown in Table 2, the detection limits for all target
analytes investigated are in the same order of magnitude
(0.032–0.08 ppm). However, it should be noted that the
estimated detection limits are solely valid for hexadecane as
a surrogate sample matrice. Severe background interference
on target analytes in asphalt release agents may cause
substantially increased detection limit.

3.2.3. Accuracy
The accuracy of the testing procedure was studied by ana-

lyzing spiked samples at low, medium and high concentration
level, respectively. The accuracy was estimated by deter-
mining the analyte recovery (amount of analyte measured
divided by amount of analyte spiked in percent). As shown
in Table 2, the mean recovery (Rec.%) is between 85 and
106%, which can be considered acceptable. Generally, the
accuracy at high and medium concentration levels is better
compared to the accuracy at low level. The internal standard
calibration does not seem to contribute to higher accuracy.
In conclusion, the results presented inTable 2indicates that
t urate
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b 0.1 to
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t
T ) at
t on-
c dard,
a rved
t r at
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c

very good repeatability of HS-SPME method used. As cali-
bration with internal standard gives higher repeatability (cf.
Table 2), this calibration approach is recommended.

The repeatability of the HS-SPME method using one and
the same sample (each target analyte at 100 ppm in 1 g hexa-
decane) was estimated based on eight consecutive analysis
within 24 h. The results are given inTable 3. As can be seen,
RSD value is below 2% in most of the cases, indicating very
good repeatability.

3.3. Determination of aromatic hydrocarbons in asphalt
release agents

3.3.1. DIE sample
In proceeding section, a HS-SPME method based on the

use of surrogate sample matrice (hexadecane) was described.
To further evaluate the applicability of the method for as-
phalt release agent samples, different calibration approaches
were investigated for determination of aromatic hydrocar-
bons in DIE: (1) external calibration using hexadecane as
surrogate matrice; (2) external calibration using AF1 as sur-
rogate matrice; (3) standard addition. In all these cases, cal-
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.2.4. Repeatability
The repeatability of the HS-SPME method develo

as evaluated in two different ways by analysing triplic
liquots of spiked samples and the same sample at con
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able 2shows that the relative standard deviation (RSD
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Accuracy of the three calibration approaches can nor-
mally be evaluated by comparing the concentration measured
with either the “true” concentration or the concentration
determined using a reference method. In this study, the “true”
concentration of target analytes in DIE was not available, and
therefore, a reference method (the conventional method using
syringe injection) was used. To find out if there are significant
differences in means determined by different calibration
approaches and means determined by the reference method,
a statistical post hoc test, Dunnett’s pairwise multiple
comparisont test, was conducted. Dunnett’s test compares a
set of treatments against a single control mean and is widely
used in natural and social science research[39]. Dunnett’s
test (n= 3, at 0.05 level) was performed for all analytes (ex-
cept benzene) using the statistical software, SPSS 12.0, and
the test results were given inTable 4. It is observed that no
significant difference exists between the concentration mean
of a given analyte determined by standard addition approach
(with or without internal standard) and the mean obtained us-
ing the conventional method. Based on the results presented
in Table 4, it can be generally concluded, that the standard ad-
dition approach is the most appropriate one among the three
approaches studied. The significant differences observed
using external calibration may be partially attributed to ma-
trice effects, since no surrogate matrice could be identical to
t tion,
t oach
w the
o if the
r (e.g.
s oach
u roach
s ition
a to be
a

3
vel)

a for
d ME
s and
r ples
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( rnal
s n 7%
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c and
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o ene
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a dard
a ard
0 f
he sample analysed. Consequently, in the following sec
he HS-SPME method using standard addition appr
as used for determination of aromatic hydrocarbons in
ther asphalt release agents investigated. However,
equirement of accuracy is not of the main concern
emi-quantitative analysis), the external calibration appr
sing a surrogate matrice is recommended as this app
aves a lot of labour work compared to standard add
pproach, especially when a large batch of samples are
nalysed.

.3.2. BIO, RME and AF1 samples
Standard addition (at medium concentration le

pproach using internal standard (1 ppm) was used
etermination of aromatic hydrocarbons in BIO and R
amples. The results in form of mean concentration
elative standard deviation obtained from triplicate sam
re shown inTable 5. For BIO sample, a large variatio
RSD 9–20% for all analytes) was observed without inte
tandard. However, the RSD was reduced to less tha
fter internal standard calibration. For RME, the RSD

ess than 10% in all cases. Both BIO and RME show sim
ontent of benzene (around 0.1–1 ppm), ethylbenzene
-, m, and o-xylene (around 4–12 ppm). However, hig
ontent of toluene was found in BIO and higher cont
f 1,3,5-trimethylbenzene and 1,2,4-trimethylbenz

n RME.
As was the case for BIO and RME, determination

romatic hydrocarbons in AF1 was measured by stan
ddition but at low concentration level (internal stand
.1 ppm). The results are shown inTable 5. The content o
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Table 5
HS-SPME determination of aromatic hydrocarbons at medium concentration levels in BIO and RME samples and at low concentration level in AF1 using
standard addition approach

Analytes Determination of aromatic hydrocarbons in BIO, RME and AF1 samples (ppm)

BIO RME AF1

No I.S. I.S. No I.S. I.S. No. I.S. I.S.

Mean RSD% Mean RSD% Mean RSD% Mean RSD% Mean RSD% Mean RSD%

Ben 0.53 14.2 0.59 3.6 0.27 7.0 0.27 5.2 nd nd nd nd
Tol 12.5 19.0 14.3 1.7 4.6 3.3 4.6 1.3 0.15 12.9 0.15 12.9
Etb 3.6 12.5 4.0 4.0 5.3 7.7 5.4 5.4 0.39 2.2 0.37 3.2
p-Xyl 3.5 11.8 3.9 4.8 3.8 4.1 3.9 2.0 0.43 1.9 0.41 2.7
m-Xyl 7.8 13.9 9.0 6.8 11.7 10.0 11.9 7.0 0.92 5.8 0.88 1.8
o-Xyl 5.1 13.3 5.8 4.7 11.7 5.0 11.9 1.9 0.78 4.2 0.72 1.4
1,3,5-T 2.7 10.5 3.0 3.4 25.9 5.0 26.3 2.5 1.32 2.0 1.26 2.3
1,2,4-T 10.1 18.2 11.9 3.8 74.1 7.3 81.6 1.7 7.32 14.2 6.41 4.1

I.S.: internal standard; nd: not determined as less than the detection limit.

benzene was below the detection limit (0.032 ppm), as given
in Table 2. The contents of toluene, ethylbenzene andp-,
m-, ando-xylene are between 0.1 and 1 ppm, while 1,3,5-
trimethylbenze and 1,2,4-trimethylbenzene are in the range
of 1–10 ppm. All RSD are below 15%, indicating the repeata-
bility of HS-SPME for analysis at low concentration level is
still acceptable.

3.3.3. Comparison of the results
BTEX is widely monitored in environmental and indus-

trial hygiene studies[2–5]. In this study, the sum of BTEX de-
termined by HS-SPME using the standard addition approach
was calculated and the results are shown inFig. 6. DIE con-
tains significantly higher level of BTEX (around 900 ppm)
than the other release agents studied. In the case of BIO
and RME, BTEX content is less than 40 ppm BTEX. How-
ever, if trimethylbenzene is considered, BIO would be a better
choice as an asphalt release agent than RME, which contains
considerably more 1,3,5- and 1,2,4-trimethylbenzenes. For
AF1, the BTEX content is less than 3 ppm. The results pre-
sented indicate that the HS-SPME method used is a valuable
tool for characterizing health risk potential of asphalt release
agents.

4. Conclusions

The present work describes the development of a method
using HS-SPME followed by GC–MS for determination of
aromatic hydrocarbons in oil-based asphalt release agents.
The use of an organic solvent (e.g. hexadecane) as a surrogate
sample matrice facilitates the optimization of HS-SPME pa-
rameters. Repeatable and accurate results on spiked organic
matrices under optimized experimental conditions were ob-
tained. Both external calibration approach and standard addi-
tion approach were considered. Statistical evaluation showed
that the standard addition approach generates better agree-
ment with the reference method, when determining aromatic
hydrocarbons in a given asphalt release agent. If the accuracy
is not of major concern, external calibration using a surrogate
organic matrice is also feasible. The HS-SPME method devel-
oped using the standard addition approach was successfully
applied to the determination of aromatic hydrocarbons in a
broad concentration range (approximately 0.1 ppm up to at
least 700 ppm). The methodology described looks promising,
and could be a valuable tool for determination of aromatic
hydrocarbons (possibly even for other types of volatile
organic compounds) in different types of organic matrices.
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Fig. 6. BTEX content (ppm) in asphalt release agents.
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