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TOM TAT

PHAT TRIEN PHUONG PHAP XU LY MAU PON GIAN CHO PHAN TiCH
HYDROCARBON THOM PA VONG TRONG MAU BUI LANG

Hydrocarbon thom da vong (PAHs) la mét nhém chdt 6 nhiém hitu co dién hinh véi nhitng ddc diém
chung nhur ton tai phé bién trong méi truong, bén ving, c6 kha ndang tich liiy sinh hoc va ¢6 déc tinh. Quy
trinh phan tich PAHs trong mdau méi trieong nhin chung twong déi phic tap va doi héi nhiéu cong doan
xik [y mau nhw tach chiét va lam sach dich chiét. Trong nghién ciru nay, mét sé ky thudt chiét va lam sach
dich chiét cho phén tich PAHs trong mau bui ling dwoc khao sdt dé dé xudat mot phieong phdp xie 1y mau
don gidn, hiéu qua. PAHs (16 chdt wu tién nghién ciru theo US EPA) dwoc phdn tich trén hé thong sdc ky
khi khéi phé (GC/MS). Qud trinh riva giai PAHs ciing dwoc khdo sdt cho 2 loai cét hdp phu chira silica
gel va Florisil. Cét silica gel dwoc lwa chon vi kha nang hdp phu phit hop biéu hién qua thé tich dung méi
riea gidi nhé hon so véi c¢ét Florisil. Dich chiét mau dwoc dwa lén ct thiy tinh nhé chiva 1 g silica gel Va
2 16p sodium sulfate khan véi 4 mL hexane, sau d6 PAHs dwoc rita gidi véi 6 mL hén hop dung méi
dichloromethane/hexane (1:3, v/v). Céc ky thudt chiét siéu am sir dung dau do phdt siéu dm va bé rung
siéu am dwoc so sanh, cho thdy hiéu quad chiét twong dwong. Tuy nhién, bé rung siéu dm dwoc khuyén cdo
st dung véi cdc wu diém nhw c6 thé chiét dong thoi nhiéu mau va han ché sy nhiém ban giita cdc mdu.
Mau bui (khodng 0,2 g) dwoc chiét lan luot véi 2 mL acetone va 2 mL hén hop acetone/hexane (1:1, v/v).
D6 thu héi cia PAHs trong toan by quy trinh phan tich dwoc xdc dinh trén mau bui thém chudn, dao
dong tir 60% dén 120% (véi RSD < 20%). Gidi han phat hién ciia phwong phdp doi véi cde PAHs dao
dong tir 0,20 dén 2,0 ng/g. So véi cdc ky thudt cé dién cho phan tich PAHs nhw chiét Soxhlet va lam sach
trén cot hap phu 16n, quy trinh phan tich ndy cé wu diém vieot tréi vé thoi gian xir 1y mau ngdn va ton it
dung méi, hoa chat.

Tir khéa: PAHS, settled dust, ultrasonic extraction, gas chromatography, mass spectrometry.

1. INTRODUCTION contaminants, resulting in their high adsoptivity
on particle surface (i.e., settled dust) [5].
Therefore, many studies have determined PAH
concentrations in dust with implications for
environmental pollution monitoring and human
exposure assessment. These studies usually
focused on 16 compounds assigned as priority

Polycyclic aromatic hydrocarbons (PAHSs) are a
diverse group of organic pollutants of global
concern due to their widespread occurrence,
bioaccumulation potentials, and toxicity [1].
PAHs are semivolatile and hydrophobic
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pollutants by the US Environmental Protection
Agency (US EPA), including naphthalene (Nap),
acenaphthylene (Acy), acenaphthene (Ace),
fluorene (Flu), phenantherene (Phe), anthracene
(Ant), fluoranthene (FIt), pyrene (Pyr),
benz[a]anthracene (BaA), benzo[b]fluoranthene

(BbF), benzo[k]fluoranthene (BKF),
benzo[a]pyrene (BaP), dibenz[a,h]anthracene
(DA), indeno[1,2,3-cd]pyrene  (IP), and

benzo[ghi]perylene (BP) [2].

Trace levels of PAHSs in environmental samples
have  been analyzed by using gas
chromatography/mass spectrometry (GC/MS)
methods, which require massive sample
preparation, labor, and time [4,6,7]. There is no
standard method for the analytical procedure of
PAHs in dust. The US EPA proposed Method
TO-13A for determination of PAHs in ambient
air using GC/MS [11]. In this method, the
samples (filter or sorbent) spiked with surrogates
were Soxhlet extracted with 700 mL of diethyl
ether/hexane (1:9) for 18 h. The extract volume
was then reduced to 1 mL in hexane by using
Kuderna-Danish concentrator. The extract was
purified by passing through an activated silica
gel column. The column was washed by diethyl
ether/hexane (1:9), pre-eluted by 40 mL pentane,
sample loaded with a total of 3 mL hexane,
washed with 25 mL pentane (to remove aliphatic
interferences), and eluted with 25 mL diethyl
ether/pentane (1:9). The eluate was concentrated
and spiked with internal standards before GC/MS
analysis. By using this procedure, about 6 L of
solvents and 3 working days are required for a
batch of 6 samples.

To reduce consumed chemicals and time, we
developed a simple and rapid sample preparation
procedure for PAH analysis in settled dust
samples. The dust samples were extracted by
using two ultrasonication techniques such as
direct extraction (ultrasonic processor) and
indirect extraction (ultrasonic water bath). Some
extract clean-up  techniques were also
investigated. The proposed method was applied
to analyze a representative settled road dust
sample with and without native standard spiking.
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2. METHODS
2.1. Sample preparation

For matrix-spike samples of extraction tests, a
composite road dust sample was prepared by
pooling several individual samples. The
individual samples were collected on different
roads in Hanoi urban area during 2016-2023
period by manual sweeping road surface with
non-plastic brushes. The samples were then
subsequently sieved through 1-mm and 100-pm,
and homogenized thoroughly. The dust fraction
with particle size < 100 um was used. The
composite sample was stored in a glass bottle at
room temperature in dark. Recovery tests for
clean-up steps (i.e., sorbent columns) were
performed by using solvent-spike samples, which
contain known amounts of native standards in
hexane. Procedural and solvent blank samples
were prepared by using sodium sulfate and
hexane, respectively.

2.2. Instrumental analysis

PAHs were analyzed by using an 8890 GC
system equipped with a 7010B GC/TQ detector
and 7693A autosampler (Agilent Technologies).
The separation column was DB-5MS Ul (30 m x
0.25 mm x 0.25 um, stationary phase 5% phenyl
95% methyl polysiloxane; Agilent
Technologies). Carrier gas was helium with a
flow rate of 1.2 mL/min. The samples were
injected to the GC/MS system at splitless mode
with injection volume of 1 pL. Temperature of
injection port, interface, and ion source was 300,
310, and 230 °C, respectively. The column oven
temperature program was initially set at 80 °C
(hold 1 min), increased to 170 °C (20 °C/min), to
220 °C (4 °C/min), to 270 °C (3 °C/min), and
finally to 310 °C (20 °C/min, hold 20 min). The
MS detector was operated in electron impact
ionization (El, 70 eV) and selected ion
monitoring (SIM) modes.

3. RESULTS AND DISCUSSION
3.1. Elution tests of clean-up columns

To evaluate retention behavior of PAHs on small
sorbent columns, we prepared two columns,
assigned as S column (containing 1 g activated
silica gel, capped with two sodium sulfate layers)



and F column (containing 1 g activated Florisil,
capped with two sodium sulfate layers). After
dry packing, the columns were washed with 5
mL dichloromethane (DCM) and 5 mL hexane.
Blank-spike samples (50 ng each native PAH in
0.5 mL hexane in a glass tube) were loaded to
the columns. The tube was washed 3 times with a
total of 1.5 mL hexane. This first 2-mL portions
of hexane were assigned as samples S1 and F1
for silica and Florisil columns, respectively. The
columns were washed by additional 4 portions of
2-mL hexane, resulting in samples S2, S3, S4, S5
(for silica) and F2, F3, F4, F5 (for Florisil).
Finally, 4-mL portions of DCM/hexane (1:3) were
added to columns, assigned as samples S6 (for
silica) and F6 (for Florisil). Recoveries of PAHs
through the two columns are shown in Fig. 1.
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Fig. 1: Recovery of PAHs after column clean-up

Elution patterns of PAHs through the silica gel
and Florisil columns are relatively similar.
Fractions 1 and 2 elute minor amounts of most
PAHSs (except for 10-18% of Nap). Considerable
proportions of several lighter compounds (e.g.,
Nap to Pyr) were associated with fractions 3, 4,
5. Meanwhile, the remaining compounds (BaA to
BP) were mainly eluted with final fraction of
DCM/hexane (1:3). These results are in
accordance with those reported by Titaley et al.
(2016), which indicated PAHSs can be eluted from
silica columns by 20% DCM in hexane [10]. The
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first 4-mL portions can be discarded because they
contain aliphatic interferences. Except for some
compounds (e.g., Acy, Ace, Ant, Phe, Pyr)
showing higher peak intensity from Florisil
column, the remaining compounds were easily
eluted from silica gel column. To reduce solvent
amounts and time for solvent evaporation, we
selected silica gel columns for further
experiments. To compensate elution related to
fractions 3, 4, 5 (6 mL hexane), after sample
loading with a total of 4 mL hexane (fraction 1
and 2), we increased volume of elution solvent
(DCM/hexane, 1:3) to 6 mL. This elution volume
is also suitable with our column capacity.

3.2. Comparison of extraction techniques

Two dust samples (0.2 g each) were transferred
to 10-mL tubes and spiked with surrogates (20
ng each). One sample was extracted with the
ultrasonic processor (VCX 130; Sonic &
Materials, Inc., US) by 2 mL acetone and 2 mL
acetone/hexane (1:1), each time in 10 min
(sample P). The other sample was extracted with
ultrasonic water bath (WUC-32; Jiayuanda,
China) by similar solvents, each time in 15 min
(sample W). After extraction, the extract
fractions were combined and reconstituted in 0.5
mL hexane. The extract was then applied to a
silica gel column with 4 mL hexane (discarded)
and eluted by 6 mL DCM/hexane (1:3). The
eluate was concentrated, spiked with internal
standard (chrysene-d12), and conditioned in 200
puL hexane before GC/MS analysis. The results
:

are shown in Fig. 2.
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Fig. 2: Extraction efficiency of PAHs from dust
obtained by two ultrasonic extraction techniques
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Except for Nap and Flu, extraction efficiencies of
ultrasonic processor and water bath were relatively
comparable for most PAHs. Although ultrasonic
processor showed higher signals of Nap and Flu,
the use of water bath exhibited advantages on
simple operation for multiple samples at the same
time without cross contamination risk. Moreover,
water bath can provide better yields of some
compounds such as Chr, BbF, and BP. One
ultrasonic processor can be used for single sample
at a time, and requires careful cleaning after each
extraction. Therefore, both ultrasonic processor and
water bath can be used with consideration of their
own advantages and disadvantages. However, the
use of ultrasonic water bath is recommended to
simultaneously extract several samples with low
cross contamination risk.

3.3. Method recovery test

Based on the above investigations, we proposed
two analytical procedures for PAHs in dust
samples by using ultrasonic processor and
ultrasonic water bath. These two procedures
were applied to analyze dust samples spiked with
both 16 native PAH standards and 7 deuterated
surrogates (20 ng each). About 0.2 g dust with
spiked standards was extracted subsequently
with 2 mL acetone (10 min) and 2 mL
acetone/hexane (10 min) by using two different
extraction techniques (ultrasonic processor and
water bath). After extraction, the extract portions
were combined, concentrated, and constituted in
0.5 mL hexane. The clean-up steps were similar
for the two procedures. The silica column was
washed by 5 mL dichloromethane, 5 mL hexane,
loaded with 0.5 mL extract and 3.5 mL hexane,
and eluted with 6 mL dichloromethane/hexane
(1:3). The eluate was concentrated, spiked with
internal standard, and constituted in 0.2 mL
hexane before GC/MS analysis.

Chromatograms of spiked dust samples obtained
by two procedures are presented in Fig. 3. All
peaks can be identified and the background
signals are relatively low and stable. There is no
significant difference in recoveries of both native
and surrogate compounds between the processor
and water bath extraction techniques. The
recoveries ranged from 60% to 120%, which are
within the acceptable levels reported by previous
studies on PAHSs in dust [3,8,10].
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Fig. 3: Chromatograms of PAHs in spiked dust
samples obtained by ultrasonic processor and
ultrasonic water bath extraction

3.4. Method detection limits and repeatability

To estimate method detection limits (MDLs), we
repeatedly analyzed blank samples (sodium
sulfate) with and without spiking PAH standards
at low levels (5 ng/g). The MDLs of compounds
detected in blank samples were estimated as
average blank levels plus three standard
deviations. The MDLs of compounds not
detected in blank samples were calculated as
three standard deviations of measured levels in
spiked blank samples. MDLs of PAHs ranged
from 0.20 to 2.0 ng/g (Table 2), providing good
detection efficiency of the method for trace
levels of these compounds in dust samples.
Table 2: Repeatability and method detection
limits of PAHSs in dust samples

Compound RSD RSD MDL
(5ng/g) | (200 ng/g) | (ng/g)

Nap 8% 5% 2.0
Acy 10% 6% 0.40
Ace 10% 8% 0.40
Flu 6% 5% 0.30
Phe 6% 4% 0.60
Ant 12% 10% 0.70
Flt 8% 6% 0.70
Pyr 16% 12% 0.60
BaA 10% 8% 0.40
Chr 5% 5% 0.80
BbF 5% 6% 0.90

BkF 15% 10% 1.0
BaP 10% 12% 0.20
DA 8% 6% 0.20
BP 12% 10% 0.70
IP 9% 11% 0.30




The repeatability of the analytical procedure was
also estimated by triplicate analysis of dust
samples spiked with PAH standards at two levels
(5 ng/g and 200 ng/g). Relative standard
deviations (RSD) of PAHSs at spiking levels of 5
ng/g and 200 ng/g ranged from 6% to 16%, and
from 4% to 12%, respectively. RSD values lower
than 20% of our method were generally
acceptable for repeatability criteria of PAHs at
ppb levels.

4. CONCLUSIONS

In this study, a simple and rapid sample
preparation method was developed for the
determination of 16 PAHs in settled dust
samples. Two ultrasonic extraction techniques
(ultrasonic processor and water bath) were
compared, showing generally comparable
efficiency. Clean-up techniques were also tested.
Clean-up on activated silica gel column with
loading and washing solvent as hexane, and
eluting solvent as dichloromethane/hexane (1:3)
showed acceptable recovery, purification
efficiency, and reasonable solvent amount. PAH
elution from Florisil columns is somewhat
difficult compared to silica columns, which
probably requires larger solvent volume and/or
polarity. The methods were applied to measure
dust-spiked samples, exhibiting recoveries from
60% to 120%. Our results indicate that ultrasonic
extraction coupled with small clean-up column
can be utilized as an efficient method for the
determination of PAHs in dust.
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