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1 pPLE Doa. ;. b.
Fig.1 Schematic diagram of micro-pressurized liquid extraction ( u-PLE) device: a. extraction
b. collection of extract
1. HPLC ;2. ;3. ;4 ;S. ; 6. 7. ;8.
9. ;10
1. HPLC pump; 2. extraction cell; 3. heater of extraction cell; 4. ten port valve; 5. loop; 6. solvent; 7. rinse

solvent; 8. waste; 9. auxiliary gas; 10. sample vial.
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Table 1~ Analytical performance of GC-MS for determination of 4 dicarboxylic acids
Selected ions Linear range Regression 2 Spiked Relative recovery ( 5}]&[)2 3 ( S/]]VOSIO
Compound (m/2) (ng/ul) equation R (ng) ( 0/; :13{)5]3 ng/m*) ng/m*)
50 122(5.9)
Malonic aid 233 1470220 ¥=0.02X-0.18 0.9986 0.14 0.45
alonic acic 500 100( 10.9)
50 104(1.6)
Suceinic acid 247 147 0.2~20 Y=0.03X-0.76 0.9962 0.04 0.15
uccinic aci 500 95(4.9)
. 50 116(4.6)
Glutaric 261 147 0.2 ~20 Y =0.0064X -0.09 0.9934 0.14 0.47
acid 500 92(5.4)
50 106( 4.3)
Adinic acid 275 147 0.2~20 Y =0.0073X -0.06 0.9954 0.06 0.20
dipic acic 500 93(6.8)
3.4 PM,,
o 2
o 2.2mgPM, 3
2 . 2 ) A
4.6% ~11. Table 2 Concentration of 4 compounds in real PM,
7% . 1.6 mg sample collected in Dalian Xinghai Bay
PM , RSD
2.5 Compound Average \Sfalue (% n=3)
3, 3 ( ng/m”)
Malonic acid 64.6 5.6
105.4% ~118. 0%
Succinic acid 50.0 4.6
° Glutaric acid 41.8 7.1
Adipic acid 20.2 11.7
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Fig.2 Total ion chromatogram of extract solution of PM,  after derivatization

1. 2. ;3. 4. 5.

1. Internal standard; 2. Malonic acid; 3. Succinic acid; 4. Glutaric acid; 5. Adipic acid.

4 3

Table 3 Recovery of spiked real PM, 5 sample

uPLE
Compound Found Spiked Total found Recovery
GCMS ! (ng/m’) (ng/m’)  (ng/m’) (%)
4 Malonic acid 13.7 33.3 50.2 109.6
Suceinic acid 24.6 33.3 59.7 105.4
Glutaric acid 28.0 33.3 63.2 105.7
Adipic acid 17.4 33.3 56.7 118.0
12% 105.4% ~
118.0% 0.5 ng/m’ o
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Determination of Dicarboxylic Acids in Fine Atmospheric Particles
by Micro-Pressurized Liquid Extraction Coupled with
Gas Chromatography-Mass Spectrometry

HAO Liang' > WU Da-Peng' GUAN YaFeng '
"( Dalian Institute of Chemical Physics Chinese Academy of Sciences Dalian 116023  China)
*( University of Chinese Academy of Sciences Beijing 100039  China)

Abstract The method of micro—pressurized liquid extraction ( wPLE) coupled with gas chromatography-mass
spectrometry for the analysis of 4 dicarboxylic acids ( DCAs including malonic acid succinic acid glutaric
acid and adipic acid) in fine atmospheric particles was developed. PM, ; filter sample was extracted by
u-PLE at a pressure of 8 MPa and temperature of 80°C using methanol as extraction solution. After two static
5-min extractions and a rinsing step with 100 pL of methanol about 500 pL of extraction solution was
obtained. The extraction solution was then blown to dry with high purity nitrogen and submitted to a silylation
reaction for 30 min at 60°C. After internal standard ( IS) was added derivatization solution was directly
injected for GC-MS analysis. For quantification of 4 normally DCAs in fine atmospheric particles the
calibration curve was obtained with a good linear relationship in the range of 0.2 —20 ng/pL. The limits of
quantification ( LOQs S/N =10) were in the range of 0. 15 =0.47 ng/m’. The recoveries were between 92%
and 122% with the RSDs between 2. 6% and 11. 8% for spiked filter samples. The method was used to
determine malonic acid succinic acid glutaric acid and adipic acid in real PM, 5 samples collected from
Xinghai Bay of Dalian city and the results were determined to be 64.6 50.0 41.8 and 20.2 ng/m’
respectively.

Keywords Fine atmospheric particle; PM, 5; Water—soluble organic compounds; Dicarboxylic acids; Micro—
pressured liquid extraction
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