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Investigation of Soil Pollution by PAH and PAE Using SPME

=H BXC, BEOBES, kE RU, A ORE®”
Masafumi MITSUT", Akihiko Shimada®, Minoru YONEDA*™, Shinsuke MORISAWA**

ABSTRACT: A simple method to measure PAH and PAE in soil without time-counting operations, such as extraction,
separation and concentration, or use of a large quantity of organic solvents was developed. Head Space Solid-Phase
Microextraction(HS/SPME) method was adopted in the method. The appropriate condition to measure PAE and PAH
was decided for the method, and the precision of the method was studied. Then, some samples of soil beside a heavy trafic
road and near a plastic molding factory were investigated under the measurement condition decided in this study. The
results showed that the density of PAH and PAE in soil decreased with distance from the road or the factory. This means
that the HS/SPME method was effective for the measurement of semi-volatile organic matters in soil. With HS/SPME
method, we can expect to get more information about the pollution of soil by semi-volatile organic matters like PAH and
PAE, because we can execute operations more quickly and measure more samples with less contamination from mea-
surement operations than with common extraction methods.
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Table 1 Physicochemical properties of DBP, DEHP, fluoranthene, and pyrene.

DBP DEHP fluoranthene pyrene
et coocuécnmm
2H5
structural
formula 00C4Hs COO-CH2CHC4Ha
ész
molecular weight 278.34 390.54 202.26 202.26
boiling point 340C 385C 383C 393C
melting point -35C -50C 108.8C 150.4°C
density 1.05 g/cm3(20C) 0.984g/cm3(20C) 1.252 g/cm3(0C) 1.271 g/cm3(0C)

water solubility 11.2 g/m3(25C) 0.285 g/m3(25C) | 0.265 g/m3(25C) 0.148 g/m3(25C)

vapor pressure | 2.30X10-3 Pa(25C) | 2.63X10-5 Pa(25C) | 2.54X 104 Pa(25C) | 8.86X10-4Pa(25C)

Henry's law

.m3 m3 m3 .m3
constant 0.0466Pasm3/mol 0.132 Pasm3/mol 220 Pa.m3/mol 1.10 Pasm3/mol

log Kow 4.72 5.11 5.22 4.88

HOFKI1 2800 k> (1996 4F) ® ThHo,

PAHIZ. FEWikR{b k%, FEBEEHLEYSOMOFHLESEKIc, BEE, (LR RRS
BRGEHUF O 2 SHERICSENTH 0. GRS 5 L FRETIRKERYET. 8
50 DILEMENFEL TNB 0, Fo, AMPHAA M7 EORBRE O, BEREICL3EH
BEEMIB L LU THHETENTEY, BN, SADOKE. K TEEZ2BEOLTHOWD EZACEET %,
PAHIZIZ, BMWRIEMEZ T THOPL, BELZEEI T2 ORENREEEL TS, i, BEHT
BREENE OB ESNTH D . EEBNREEZ B A (UN Economic Commission for Europeliz &k 0, #&
MBS YE (POPs: Persistent Organic Pollutants) ORREXINTNS Y, AP TR, PAH®D
35 fluoranthene & pyrene Z#lliExtg & Uz, ZHUTHIESENL 2 BB 2O HS/SPME%IC L 53
EIZE D, BERe s LERBOREP BN SRB SN PAHNRID 2D TH NS TH B,

DBP, DEHP, fluoranthene, pyrene Q¥ % Tablel IZ/R7

3. MEAHE
3. 1 {EAL7SPME

BT, ) ARNADSPMER—F TN 74—V R FS5—2ERLE, ZOBBOT 71
N—BEIEHIIIR Y PAFIVaFd > (PDMS) 2FHLTBD, 774 N\N—OFEE, 100 4 mTH
5. SPMER—% 7T 4 =)V B> 75—, @, $HROT7 7 A N3R5 —hicEHanTen.
HEETD EZDAT 7 AN—Z RN —TH L T, RBREICE TR RGPS 5 L, BIEsy
BEHEELZE BRIV —HIZIL TEHRT 5L 51232 Tnb, GC/MSIZL BRI 21T 5 K.
GCOEALBRC T 7 AN—ZFATHI LK 2T, BELEHEON S LR NOEREANTETH
5, 774 N—0¥EHiEE L TIEGCRILE GREE 250CIZEE) ICSPME 7 7 1 /)N—% 30 M TEILL L2
LAD EWSHERA U, COAETHGE LR T 7 A N—2EHT 2 Z ETSPMERKONY 7 7
I REKEZYOET D ENTER, £, FHETIE. ERDOSPME 2 1 BDGC/MS THRIFET
Bz, 7)) T TH, HEHBE TSPMERREL TBBERD B, 0O TFHERICKD.
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Table 2 measurement condition of GC/MS

column : SUPELCO, SPB~5 (30m x 0.32mm, film 0.25 xm)

injection method : splitless (splitless time 4.5min)

carrier gas : He

ion source temperature : 250°C

injection temperature : 250°C

oven : 35C(5min)—10C/min—250C (15min)

interface temperature : 250°C

measurement method : SIM

target ion weight : DBP & DEHP=149, their SI=153
fluoranthene & pyrene=202, SI of pyrene=212

gas flow rate : 20.7mg/min

7 7 A IN—E RN Y — I L 7 ARB T 4 COMBEICRE T HUS., 24 BILAIN 2 5 TS EICF &7
HRECIBNI L 2R L,

3. 2 HEFE

YT T LR 10g 2R A0MDH 5 AENA 7IVRIZANS, ZOH BT EEE O
7~ (DBP—d,: 0.4 1 g/me,DEHP-d, : 2.5 1 g /ml,pyrene—d,,: 0.5 1 g/ md) % Imlfnz.,
TR I~3mEEMA., HBRTEN B ALDT S, ZOLEET NI TALEES
& (SUPELCO®IF 7O /N IAZF 4 A2 SL-22 22m¢) TNA VIVERICERL. 1 >Fa
N —HIZ AN RE DRI T, T DBA (68C) KD HEWIRRE 40T T 24 K 160rpm T
JEDTD, ZZTETILETNIETHAAEDOR LTI LEBTDEERNWEES, 7Y AT
3 EEHIS DBP & DEHPIZ K A5 RRI I NN 5 TH D, £ LEED2ARRMREE 5138+
PAEB X UPAH & NEEEMHE & 2 HHREA X BB 0DITo I, :RE IV T L= BT 304 M9 5%
PCEFEZREZNT, BETHET7 L BRI %, BUNA ZIVEEREHT S, KITKOBERX
0 BHIENBOCDELH T TI2HHIERE L7214, 80CTZONA PIVHRDY 74 L2 SPME OiLkHESE R 2
FILT, 2Oy RAXR—=ZI T 7 A N—% 3RHBEHIETHET S Z LICX DRENSRE 2 HE
T3, BERERT 7 I N—2RVY L, BERETACTHRE L T 24BHELANIZ GC/MS TRIE
T 5, IR BNEEWE 2 NZ =B TORE SERENA VIVREBETDIRESERICOWTIE. BRitL
TR AERETIRRS,

T b R TR R, RER K - PCBHBRA. WEREYEIE DBP-d,,DEHP-d, 13\ g
NDHMHME TEGEASAHE, 75 IVB T X5 )V A RZE. pyrene-d, 13 CAMBRIDGE ISOTOPE LABO-
RATORIES & L7z, GC/MS 2, BEEUEFIH A7 0Y T L GC-14 8, EiRSUEFTE R
%8 QP-2000A B & H L=, GC/MS D43Hr4:4% Table 2 12717,
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Fig. 3 Change of the coefficient of variation according to shaking time.
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Table 3 Coefficient of variation of 10 measurement of the same sample,

measuring substance coefficinet of variation
DBP 0.130
DEHP 0.155
fluoranthene 0.130

pvrene 0.073
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Table 4 Water content and TOC of

roadside soils
0.3 2.9 2.65
1.5 9.0 2.91
6.5 9.0 5.06
15 6.8 3.62
39 3.8 5.38
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Fig. 7 Concentration in surface soils near a plastic molding factory.
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