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Abstract: Soil from a crime scene can be analyzed for its association with a perpetrator’s crime through a
comparative analysis of soil found on the perpetrator’s clothing or the tires of a vehicle. However, due to the
diverse mineral and organic composition of soil, determining if soil comes from the same source based solely
on mineral comparison can be challenging. Therefore, phthalate esters present in the soil along with human activities
can serve as a useful indicator to complement soil mineral results. Solid-phase microextraction-gas chromatography
(SPME-GC) was used to analyze diisobutyl phthalate (DIBP), diethylhexyl phthalate (DEHP), and diethylhexyl
phthalate (DCHP) in soil from potential crime locations such as fields, paddies, hiking trails, and playgrounds.
The linearity (R?) ranged from approximately 0.986 to 0.996, and the detection limits were around 0.003 to 0.030 pg/
g. Depending on the collection area, the kinds and amounts of detected phthalate esters varied. Phthalate esters
were not detected in soils from deep mountain areas, which could potentially allow for distinguishing between

contaminated and uncontaminated areas and estimating the origin of the soil for forensic purposes.
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Fig. 1. Chemical structure of phthalate esters as
environmental contaminants in Fig. 2.
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Table 1. Kinds and locations for collecting soil samples
No. Kinds (collecting area) No. Kinds (collecting area)
1 Rice paddy I (Goegok-ri) 8 Jujube field (Pimi viliage)
2 Rice paddy II (Goegok-ri) 9 Playground I (Daejeon Health Univ.)
3 Rice paddy (Munuimyeon) 10 Playground II (Daejeon Health Univ.)
4 Rice paddy (Hyeondomyeon) 11 Hiking trail (Daedun mountain)
5 Cabbage field I (Pimi viliage) 12 Hiking trail (Top of Cheongnamdae)
6 Cabbage field 1I (Pimi viliage) 13 Hiking trail (midslop fo Cheongnamdae)
7 Eggplant field (Pimi viliage) 14 Deep mountain (Gyejoksan mountain)
Table 2. GC analytical conditions
GC Conditions
Injection temp. 270°C
Injection mode Splitless

Garrier gas, flow rate
Oven temp.

Column

Detection temp.

Detector

N,, 2.0 mL/min

1

20°C (5min) — 20°C/min — 260°C

DB-5 MS (30 mx0.25 mmx0.25 pum)

2

90°C

FID (flame ionization detector)
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Fig. 2. Typical chromatogram of phthalate esters including
internal standard (IS).
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Table 3. Recovery of phthalate esters from water samples Table 5. Comparison of kinds and levels of phthalate esters
(unit:%) from the same regions (unit: pg/g)
Div. DIBP DCHP DEHP Collecting area DIBP DCHP DEHP
1 pg/mL 117.4 59.3 80.3 rice paddy 1 0.8 ND 33
5 ug/mL 533 393 34.7 rice paddy I 0.8 ND 1.9
10 ug/mL 473 47.8 54.1 cabbage field I 0.8 ND 1.8
cabbage field II 0.7 ND 1.8
Table 4. LOD and LOQ of phthalates from soil samples playground I 0.7 ND 2.2
(unit: pg/g) playground II 0.7 ND 1.2
Div. DIBP DCHP DEHP Abbreviations; ND, not detected.
LOD 0.003 0.004 0.003
LoQ 0.010 0.010 0.010 wo} ok wigkont AEA gl BAAHE A
Abbreviations; DIBP; diisobutyl phthalate, DCHP; dicyclohexyl XA o] ==H = Zlog AgE it

phthalate, DEHP; diethylhexyl phthalate.
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7% 3 (limit of detection: LOD)E ¥ = o & RE Bt} B ko] ZEYO|ER IAES 53
H] (signal-to-noise ratio)E 3:1Z 735} Table 49} S &% % SPME fiberZ2 &28l7] W&o GC
7] 0.003~0.030 pg/g®] F== FHHJSH, A= (FID)EE $83] d&d & Jde Aoz Aetsc)
SHA|(limit of quantitation: LOQ)= I 2 o] &4 & =, ¥ H 25 5o FIAHNA AHT EF
10:12 Fate] 0.010~0.100 pg/g] SE= FHHU o) &3] DIBP ¥ DEHPY| 2% 72| ZEoER
t} o] TEE GC/MSE ©| &3 Eor Zeeo]E 3lgtEo] AEHUL. Wl EdoA = DIBP ¥
F IES 24 ¢ vEhtE 0.020~0.500 ng/ge] DEHPS] ZZ o] §AlE9 0, =3 $E7o] Bk
AZ3A 2 0.080~1.350 ng/gd] A F3A S} B w T o)X= DIBPE A &1+ DEHP= ZdolstA &
o oF 1008] = AZSAI7E =A UEETE? ol= ZE A wjFte] B AFH A ESFe] vlwH
GC/MS9] A& oA SIM modeS T&3Ho =4 IHE FEHEA 29 3 QW Bl A9 A=
vg D38 FA 4 45 9 AFIAE HE Z71© 2 DIBP ¥ DEHP?| 3ao] fAlstA &=
AE Ao Fage s RS AR FAHY, =3 "‘o;g' o] Bk AFHA
o] m=zo|& Qg AF Zolo] xfolof ojgt HEA
6. M =M o] EAQZ B9 o]Fo] HlwA 4¢ 5F EY
AU e o] ER slekEe] A7E, carryover EXo]l ZE2H o ER SFEY TFF 2ol dIFE
EL @%lm% It HEFAE 0. ~2ooug/g4 & = ACE AT b, Aol wske A9
T oA ARz, WEEE EFLE 50pgel] EGS IgYolEY] T/ % TFS EUE 594
benzy] benzoateE AH&-3t%1 2™, DIBP= R? %ol < Bdte A AFEHA 48 F A Je=
0.986, DCHP= 0.996 2 DEHPE 0.9930.& ztz} 1} AdEt 3E A 9 HHREF FEo] AX
Elth DIBPE 35 Z7A0A 873k R % 0.9 U EFY] A, &7 ofe] FAE EY, &
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Table 6. Comparison of phthalate esters detected in soils from different regions (unit: pg/g)
kinds (collecting area) DIBP DCHP DEHP
Rice paddy (Goegok-ri) 0.8 ND 33
Rice paddy (Munuimyeon) 1.0 ND 3.1
Rice paddy (Hyeondomyeon) 0.7 ND 1.4
Cabbage field (Pimi viliage) 0.8 ND 1.8
Eggplant field (Pimi viliage) 0.8 ND ND
Jujube field (Pimi viliage) 0.7 ND 0.9
Hiking trail (Daedun mountain) 0.8 ND 2.2
Hiking trail (Top of Cheongnamdae) 0.7 0.2 0.2
Hiking trail (midslop fo Cheongnamdae) 0.8 0.1 ND
Playground (Daejeon Health Univ.) 0.7 ND 1.2
Playground (Woosong Univ.) 0.6 ND 1.8
Deep mountain (Gyejoksan mountain) ND ND ND
*ND: not detected.
5o RS B TeolE B3R BF a2 =
U S B A, A4 B A @Y
A8 S dSctede E&40E &8T F S B¢l e ZEolER sHeES ol8sl] B
Ao = AAE ¥l FYH AR B EA FAH TS HES]
fste] A1, A7 FHAELAE B AR 53 2
9. dOIX|qoflMe] =Ef0|ER H|W < HEEAoR de] &84 F Ue =, L, TR
=, 0, SR, &5 B Abgre] o] g & 2 25F TolX EFS AFs HEye 2
Ne Aom FAHE S Ao BN = OERF stEe TR B ¥EFS B4 AHAEFH
OEF BHFES FH R el Table 67 7ol A ofgfel A2 AEE FAY F AU
Z5 A} dlF2e] EYolA DIBP ¥ DEHP7} H&
A APAFA X HAE3 DEPE BE EQ)A] 1. EgollA 20| ER 3gES GC (FID)E +
AEHA ¢kokor, ol = GC (FID) A& 2 F¥e A8t7] SeiM e AEFA7E B 2 GOMSSH=
A7F Eot AEFHA @2 AR AGHUGS F4F goldt R o B¢k F3tE ZEEolER setE
22| dF EgoM = vl A | DCHP7 A& H o = HAUE Bo] 7= HE2E p-hexane €
e Ede] ApEAS vEhllen, BE E%“ﬂ/‘i = o8t FE3 tF 5T F, ZRECIER
DIBP 3! DEHPE W@ 74 fARE $=9] B steteo] T3] 718k F A= A9 150°CelA]
HEEA] ok webA, B A Fﬂrﬂ} A, SPME fiber2 §2st= WRio] A& A 7F vl ad
AAre] B, S S0l At TR E g7 WE E& GC (FID)E AHEFA® EQolr F28 g9
o ZYUCIER HYES WA VLT 4%, EFe olER FFBL 42T £ Je G4 Pyos
£4% vo Bgs) Bus lagdE ged woEd.
S e Aos BRHAT Ao] A FAR E 2 FAAY] = ¥ % L5l AT £Yel
FAAE TGO ER BB FF L Gl & ASeE £ 24l AF Al uet Fol@ 5
A AEE TbsAel Mg S Ao Azds b w3 2B EFeE sauel =R SiE
o, £ G oleld ZgHolER a9 gud 2 Aolg ngow, Bl mmny 13
548 olgstel AZ-ALE A0 M4 BEF 4 Ho] ik % EFY A%, TddolER 55Ee)
G Hop A e A3E 528 5 Us AeR HFol Akl HEH AT ol2ld B HAe
detE T EF AH A A #E0dE BEGOZ HETSol
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