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Abstract

Trains have been a major means of transport in Korea during these past decades. However, train facilities such as stations and
repair shops are contaminated with organic and inorganic substances. There is a high probability of train facility contamination
with polyaromatic hydrocarbons (PAHs). This study evaluated the PAH and heavy metal contamination of soil near railroads in
the Kyungpook area. A total of 18 soil samples were collected from the railroads and analyzed for 16 PAHs and 6 heavy metal
species. The contamination level of the top soil was found to be slightly higher than that of the subsoil for contamination with
PAHs. The ratio of carcinogenic PAH concentration to the total PAH concentration was relatively high, with a maximum of 0.9.
The toxicity equivalent (TEQ) of the PAHs were 500.6 ng/kg in the topsoil and 355.5 ng/kg in the subsoil. The ratio of low
molecular PAHs (LPAHSs) to high molecular PAHs (LPAHs) ranged from 6.7 to 29.5; this shows that contamination is primarily
due to combustion of fuel rather than due to petroleum. The ratio of phenanthrene to anthracene and the ratio of fluoranthene to
pyrene also show that contamination occurred due to combustion for transportation. The heavy metal contamination level was
lower than the Korean standard, but higher than the background concentration; this indicates that the soil was affected by the
operation of the railways.
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Fig. 1. Soil sampling points.
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* Na,50,. anhydrous

Soil(10~30g)
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* Acetone/n-HXN(1:1)  100mL
* Duty cycle 50%, output max, 3min
* Repeat 3 times

Ultrasonic extraction

v

Filter * Filter paper : 5B+1PS
GOnEEnate * Injection : nitrogen gas

¢ Final wolume © 2mL

!

¢ (washing) n-HxNC(1:T) 10mL
DCM/n-HXN(1:8) BmL
* (extraction) DCM 20mL

Activated alumina

Y

Concentrate * Final volume * 1mL

v

GC/MS

Fig. 2. Analytical procedure for determination of PAHs in

soils.
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Table 1. Analytical condition of GC/MS for PAHs
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Conditions

Instrument

Separation column

Oven temperature

Splitless injection

Tonization

GC : agilent 7890
MS : agilent 5975

agilent DB-5MS
(30m*0.25mmx0.25 m)

80C(2min)—10TC
min—310C(4min)

1ulL
EI 70ev

50%). SB+IPSOIX|& offslo] FZHE AHATIAS
Eogo] 2F MRS 2 mL7} Hes 553130 o F
tluh AAlelM = 5551 AlRE ZE 7Ho 241 &
FU%F & n-Hexane 10 mL2} 10% Dichloromethane
595 n-Hexane 5 mLE 9407 % 1HRL &5
2 §EAF 01, o]o]A Dichloromethane 20 mLE wfj
219 SRR SR 429 55712 o |
mLE 53elo] HAE AR Sl Fig 2). 2L
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2 B AFoA= TIC (Total Ion Chromatography) %
AJBx 5 SIM (Single Ion Monitering) mode = =
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=l PAHs?| 5%+ o} Fig. 31} Fig. 4, Table 29} Z+
o o Bago) e 2 el v} e

Table 2. Concentration of PAHs in the soil around Kyungbuk area, (ng/kg)

PAHs Mean Median Max Mini % above 100 ppb >. of each PAHs
Naphthalene(NaP) 24 ND 10.8 ND ND 87
Acenaphthylene(Acy) 0.8 ND 133 ND ND 30
Acenaphthene(Ace) ND ND 0.0 ND ND ND
Fluorene(F1) ND ND 0.0 ND ND ND
Phenanthrene(Phe) 10.2 5.9 67.2 ND ND 367
Anthracene(Ant) 39 0.0 62.0 ND ND 138
Fluoranthene(Flu) 27.4 12.2 207.8 1.6 5.6 985
Pyrene(Pyr) 24.8 10.6 201.5 1.7 5.6 893
Benz(a)anthracene(BaA) 17.3 6.9 1572 ND 2.8 621
Chrysene(Chr) 19.5 7.2 156.4 ND 5.6 700
Benzo(b)fluoranthene(BbF) 61.1 249 400.7 ND 11.1 2200
Benzo(k)fluoranthene(BkF) 259 15.4 131.6 ND 2.8 930
Benzo(a)pyrene(BP) 31.8 10.2 267.1 ND 11.1 1145
Indeno(1,2,3-c,d)pyrene(InP) 41.7 4.7 472.9 ND 8.3 1501
Dibenz(a,h)anthracene(DahA) 49 3.9 28.0 ND ND 177
Benzo(g,h,i)perylene(BghiP) 20.6 7.4 183.4 ND 5.6 741
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Fig. 3. Concentration distribution of PAHs in the topsoil of  Fig. 4. Concentration distribution of PAHs in the subsoil of

railroad around Kyungbuk area.
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3.2, et PAHs

Z} PAH 7120 We=do] Qs A o= Aozl et
2 PAHs 73(BaA, Chr, BbF, BKF, BP, InP, DahA)2]
% 91 ScarcPAHs 9] k2 27k, a7k A
o, FATES 72 1413.9 ng/kg, B4%, 202.2 ng/kg,
67.6 ng/kgo|ct. WA PAHsS] 5 =9} FPAHs &
9] H]Q] ScarcPAHs/>t-PAHs = 7+ A& t]oF
Sh HHgE 0.70, 2R 0.852 BlwA] =2 ZhS
Hola Qch

3.3. Toxicity equivalent (TEQ)

el o & o ehejHolA] ek I ER g
QTR o5 PAHs®] 57} 548 Leh7] $f9) 1
Hglon] v AR EHE TRt ] 7| 5
7t Exqor AR Sl 7 BEY S7GE AT
Sto] WFSIICKNisbet et al. 1992 ; EPA. 1993;
Larsen et al. 1998 ). Table 32 Z} 1917 |3of| 4] WhaEst
S7HRE gElRt Zloltk & dMllA= Nisbet and
LaGoy(1992)9] s7HAR=E 018310 2 A3 1L
sk RS THsl] SSATEQ)E ARttt
(Fig. 5). TEQ= 7} A= u]9- 2 X2 Kol 9
on, o= A @ ws} 2A] Holr} L] Aol
nolA skRoL, Eoe] wek So gt )
1o} ©.fol w28 71k 34k A4 52 chafet ko]
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Table 3. Toxicity Equivalent Factors (TEFs) of PAHs
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Toxic Equivalency Factor (TEF)

Compound Nisbet and LaGoy, 1992 Larsen and Laresn, 1998 USEPA, 1993
NaP 0.001
Acy 0.001
Ace 0.001
Fl 0.001
Phe 0.001 0.0005
Ant 0.01 0.0005
Flu 0.001 0.05
Pyr 0.001 0.001
BaA 0.1 0.005 0.1
Chr 0.01 0.03 0.001
BbF 0.1 0.1 0.1
BKF 0.1 0.05 0.01
BP 1 1 1
InP 0.1 0.1 0.1
DahA 5 1.1 1
BghiP 0.01 0.02

Ol A=} th=A Yehd 4= Qo 229 - S9
Z)70] 500.6 ng/kgR 0] AE2] A2 S3 2] Fo|
4] 355.5 ng/kg= F{t2 UEPiTh e} HES] Blal
oM GABIAY HES] TEQZ} =& A o& ekt
t} o= SHA] & PAH-E= Blalof| A9} U3t Zakoltk

TEQ B[a]p
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Fig. 5. Total TEQ of each soil sample.

3.4. LPAHs vs. HPAHs

PAH®| 7|92 A AA| & 5771993 142] A
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AfFo] AaL 470 o] are]& o FolA Itk Helfrish
et al. 1986 ; Badawy et al. 1993). & HLofAl= A3y
A et fAksHA a1 2-37H2 o] Fo{2] PAH 5=2] §F
¢l Low Molecular PAHs (LPAHs)2} 47l o4}e] 118
2 0]F0]%] PAH 5%=2] 3¢l High Molecular PAHs
(HPAHs) 9| B]Z -5} H|aL5}3it}. Table 4 1= Bf
9} 7o) Z+ 2):9¥ 36 LPAHs : 3510 HPAHsS &4
6.70]w Z|tj} 29.50]31 F4t 12.72 HPAHsQ| H|7} A
U0 uj: Frf, ofz Hielola Zho]e) 3 B9
o] 41574 291800 Sfgt LAuRE Qlbo] ofgt o
7148] 71 o] AdHiA o= e mth= 2le HolErk
ofefRt FFE T EAlol&E PAH 2= 2A
oA GASHA] LERGTHNoh et al. 2014). Ex10] 7

S O, A, M A2 59 71910] e FAzAE



Ao B2 Eope| S

Yok 1 534 0@ 24

953

Table 4. The ratio of Phe/Ant, Flu/Pyr, and 26 LPAHs/>:10 HPAHSs for the soil samples

Sites Phe/Ant Flu/Pyr >6 LPAHs >:10 HPAHSs >S6L:>I10H
S1 ¥ 1.06 11.61 100.8 1:8.69
S2 26.99 0.93 49.00 877.1 1:17.90
S3 0.69 1.14 197.27 2866.8 1:14.53
S4 5.31 1.03 27.43 419.3 1:15.29
S5 - 1.17 14.18 246.0 1:17.36
S6 12.74 1.21 55.66 943.5 1:16.95
S7 539.43 1.26 34.71 515.1 1:14.84
S8 ¥ 1.14 39.39 263.9 1:6.70
S9 2.70 1.03 114.34 2108.5 1:18.44
S10 ¥ 1.07 ¥ 84.4 ¥
S11 3.51 1.19 29.69 3533 1:11.90
S12 ¥ 0.99 -* 70.2 -*
S13 =¥ 1.07 ¥ 92.6 ¥
S14 =¥ 1.23 21.42 393.0 1:18.35
S15 ¥ 1.10 8.71 257.0 1:29.50
S16 ¥ 0.94 0.00 33.0 ¥
S17 ¥ 1.10 3.82 112.6 1:29.49
Cl ¥ 0.98 16.89 160.6 1:9.52

715354 Debajyoti et al. 2017) 2] AL 2 Ho|
Edol FAF= o] glo] Hot AR 719 ajelsl=d
AL Aok A dHT0] - Aaof] ofgh 7]
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gl SJeliME Thte] 7hsdlrHHassan et al.
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dfet ol FRssiol sjele] dAEel elahd
Phe/Ant®] H|7} 102 Z1}5FAL Flu/Pyr2] B]7} 1 H}
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St 2 dAqtoll A A4 Phe/Ant 2] H]Q} Flu/Pyre] H]
7} Table 40]] Q2F=]o] QIck Phe/Ant2] H]:= 0.69-539

Afo|&2 2 A7} QLo Flu/Pyre] 7 thpi 17
© = |} AA] 9t} Fig. 631 72 ZF AR H 24
TSP UG FARE Aol =S| A A
# @ wrhuke-S1, S10, S12, S13, S16, S179] ¢
18] S48 QP 2Jo|7} AR oLk, F gws) v
WA #2 82, 83, 86, 892 7-¢- 2712 a12] PAH 2.
T Q- wko uhHo] 3-59] 11elE 71 PAHS] 2
7147} A O R Sk A=) 39 Qpr] Tl v
o o] FEo Hsf T2 fee Wot i1 e 2
Hre= 312]4= 3-5719] PAHO) 23t @ Jerl = Zlo
2 e,

35 534 28k

Faa A ) e A EedE =
ALl H|1A] @ Hert =2 A 07 WhirE|o] HwgQl
HEE] theh 2 2ANE S5k AE S5
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Fig. 9. Concentration distribution of heavy metals in the
subsoil of railroad around Kyungbuk area.
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