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Aiming at the development of a rapid-analysis technique for environmental organic pollutants
on suspended particulate matter (SPM) in air, a supercritical fluid extraction (SFE) technique
was studied. The extraction efficiencies of typical organic pollutants spiked in alumina particles
were first examined at various combinations of the extraction temperatures and pressures. The
recovery of polyaromatic hydrocarbons (PAHs) showed strong dependence on both the extrac-
tion temperature and the pressure. This result was disscussed in terms of the enhanced solubili-
ties and desorption/diffusion rates at a higher temperature and pressure. As for n-octadecane
and tetrachlorobenzene, they showed little dependence on the fluid conditions. This implied
that solubility has little effect on the recovery in case of these compounds with relatively high
vapor pressures. The extraction behavior was also investigated using real SPM. Phthalates and
Phenanthrene showed the maximum recovery at the highest temperature and pressure among
three-step extraction, whereas n-alkanes and polysiloxanes were effectively extracted in the medi-
um temperature and pressure step. The apparent difference in the extraction behavior implies
the possibility of the selective extraction of the aimed analytes from real environmental samples.
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Fig. 1 Schematic diagram of the SFE apparatus
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The medium in the cooling bath is water/ethyleneglycol mixture. The safety valve opens above 40 MPa.
When Valve 3 is closed the fluid is stationary (static extraction), the fluid does not flow and static extraction
is occurred, whereas it is opened dynamic extraction mode is performed.

Table 1 Supercritical CO; conditions in the three-
step extraction

Temperature/ T Pressure/MPa  Density/g ml -t
Stepl 60 10 0.29
Step2 80 20 0.58
Step3 120 30 0.58
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%, 20C/min T180C FCTHIA &Y, D% 10T /min
T280C £CHIR, 1057HEFLAL. MSIIEBREZE
FTLTHEEDMBRE m/Am =1000 & L72. m/z @it perflu-
orokerosene % W CTHRIE L 72.
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Fig. 2 Recoveries of model compounds adsorbed on alumina particles at
extraction temperatures of a) 50 and b) 100, respectively
Symbols: anthracene (), 9,10-dichloroanthracene (L), pyrene (&), chry-
sene ( X), 1,2,4,5-tetraclorobenzene %)y, and n-ocatadecane (O)
Table 2 Solubilities of n-octadecane and pyrene in supercritical COy at various puressure and temperature
Solute - .
(Vapor pressure,/Pa) Solubility/mole fraction
40T 87C
n-octadecane 10 MPa 20 MPa 30 MPa 10 MPa 20 MPa 30 MPa
(8.3%x107% = = : = = -
1.6X10°° 8.6 X 10 n/a" 1.0% 107 2.2x107 n/a*
40T 60T
pyrene 10.7 MPa 20.0 MPa 30.0 MPa 11.4 MPa 20.0 MPa 30.1 MPa
(8.86 %107 = - > — - -
5.6 X 10 2.2 X 10 3.2%X10 22x10 ° 2.6 X10 4.8 X 10

a) n/a: not applicable
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EHMTEZ 5. #REOENEE—HROWEIIOVTL  ERLCHAT 200, BREOMAKI LW
PROLNTBRVD, ot 7 FFAVEELYOBER  RKLTwAhRWI L2 b, PAHEOMBIIE W TIZEHE
BIZDOWTAREREHIGECD D% Table 212 L0 HFEEIH,DLZ—HFTEDH LA, I9IHETFHF
7200 p A2y FHREL LY BERAENEL, B ETAILHINE

M$mﬁuwwﬁtwfu&< m%%ﬁmm&-w%
WEEICHMB A 5.2 5. SFEICBT A BB - IHEEHEOE
%ﬂni&éhf&W#,Fﬁﬁ§~OWTumm#Oﬁ
FIZ B 5o TnaY, —JF, HEEREIZT X

BES 10200 208w, T/, FUEDTIHIRE

PEWIZ ) PBRELSE . —F, €L i3 20MPa RO

30 MPa TIZIRENE VT ) PERENIE L 2o T 5.
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Fig. 3 Selected ion chromatograms (m/z =57, frag-
ment peak of n-alkanes) at each step of the extraction

* denotes peaks other than n-alkanes.
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Fig. 4 Selected ion chromatograms (m/z = 73, frag-
ment peak of polysiloxanes) at each steps of the extrac-
tion
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Fig. 5 Selected ion chromatograms (m/z = 149, frag-
ment peak of phthalates) at each step of the extraction
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Fig. 6 Selected ion chromatograms (m/z = 178, par-
ent ion peak of phenanthrene) at each step of the
extraction
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