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Abstract : The aim of study was to investigate polluted amounts 16 PAHs in
railroad(waste railway ties) area, factory area and land-fill area. All of the samples were
analyzed by GC-MSD(SIM mode), and the recovery range, detection limit and standard
deviation obtained by this experiment were 73.88 ~ 94.75% , 0.009 ~ 2.252 pug/kg and 1.861
~ 12373, respectively. The concentrations of total PAHs(t-PAHs) and total carcinogenic
PAHs(t-PAHcarc) in soils of three area were in the range of 1254 ~ 327495 pg/kg on a
wet weight basis with a mean value of 499.8 pg/kg and 0 ~122.77 pg/kg with a mean value
of 20.16 pg/kg, respectively. The correlation between t-PAHs and t-PAHcarc appeared very
high in railroad(waste railway ties) area (R® = 0.8301), factory area (R® = 0.9217) except
land-fill area(R* = 0.3782), indicated that t-PAHcarc concentration increases in proportion with
t-PAHs.

Keywords : total PAHs(t-PAHs), total carcinogenic PAHs(t-PAHcarc), GC-MSD(SIM

mode).
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naphthalene(Nap), acenaphthylene(Acy),
acenaphthene(Ace), fluorene(Flu),
phenanthrene(Phe), anthracene(Ant),
fluoranthene(Fla), Pyrene(Pyr),
Benzo(a)anthracene(BaA), Chrysene(Chr),
Benzo(b)fluoranthrene(BbF),
benzo(k)fluoranthrene(BKF),
benzo(a)pyrene(BaP),
indeno(1,2,3-cd)pyrene(IcP),
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Fig.1. The molecular structures of 16 PAHSs.
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Table 1. Analytical Condition of PAHs with GC/MSD

CB iR

Analytical Items

Analytical Condition

Remark

Instrument » HP 5890/ 5972(U.S.A)
Column » DB-5(30m x 0.25mm x 0.25/m )
Oven Temp. » 80C(1min),10°C/min, 280°C, post-run 5 min

GC Condition

. Injection port temp : 260C

. Injection mode : splitless

» Carrier gas @ He (99.999%)

MSD Condition

. lonization Voltage : 70 eV

. Source Chamber Temp : 300C

. Method : EI- Selected Ion Monitoring

Table 2. Nomenclatures and Physicochemical Properties of 16 PAHs Used in this Study

. Melting | Boiling
o Chemical | Molecular : : Vapor Pressure

Nomenclatures(IUPAC) | Abbreviation Formula| Weight P(El%t) P(Ol(?;[ (Pa at 25C)
Naphthalene Naph CioHs 128.18 80.3 218.0 11.14
Acenaphthylene AcPy CioHs 152.20 92~93 | 265~275 3.87
Acenaphthene Acp CioHio 154.20 95.0 279.0 3.07
Fluorene Flu Cilly | 16623 | 195 | 205 1.66
Phenanthrene Phen Ci4Hyo 178.24 100 340 1.06x10
Anthracene Ant CuHio 178.24 216.4 342 86x10 "
Fluoranthene Flt CisHio 202.26 108.8 375 8.61X1Q 1
Pyrene Pyr CiHio 202.26 150.4 393 5x107
Benzo(a)anthracene BaA CisHyo 228.30 160.7 400 5.43x10*
Chrysene Chry CisHyo 228.30 253.8 448 4.0x10°°
Benzo(b)fluoranthrene BbF CooHi2 252.32 168.3 481 5.0x10 "
Benzo(k)fluoranthrene BKF CooHy2 252.32 215.7 480 5.2x10°®
Benzo(a)pyrene Bap CooHio 252.32 178.1 310 6.0x10°®
Indeno(1,2,3-cd)pyrene Ind123 CooHyo 276.34 163.6 536 NR
Dibenzo(a,h)anthracene DahA CooHi4 278.36. 266.6 524 1.33x10°®
Benzo(ghi)perylene BghiP CooHio 276.34 278.3 545 1.38x10°®

NR indicated that data nor reported

3. g & mE 3.2, WESH, slE, EEHA Y HEyM
Eged 3HAIEY 7]Fdd uwet PAHs 16

3.1 PAHs2| E2|31etd EN T 4o Wi e, HEIA, aeHA=
PAHs: U3k W= slatmax] 7o Bzt Table 3o YelHAY. 3|48 W= 7388
gko] o-7]3tat 2o u]35) H%@o] t] Atk ~ 94.75% ol¥a, AEIAE 0009 ~ 2.252
Hhd o g2 Fo 2z x| grom 3173 Fof T ug/kg, EFAAE 1.861 ~ 123739 #S YEH
Aol 9tk PAHs® 4, ofo] 2 &g - 33t o

g ‘—f*éé Table 2¢ fJ] St
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Table 3. Recovery, RSD and Detection Limit of Soil

Materials Recovery (%) RSD(%) Detection Limit(ng/g)
Naphthalene 90.45 4.622 0.009
Acenaphthylene 82.48 3.314 2.948
Acenaphthene 85.70 7.135 0.506
Fluorene 78.61 6.887 0.818
Phenanthrene 90.24 1.861 0.628
Anthracene 84.95 6.625 0.482
Fluoranthene 85.06 8.566 0.840
Pyrene 82.86 4.888 0.345
Benzo(a)anthracene 83.09 8.657 0.630
Chrysene 94.75 11.898 0.254
Benzo(b)fluoranthrene 83.41 12.373 0.828
Benzo(k)fluoranthrene 85.69 12.073 0.487
Benzo(a)pyrene 73.88 8.307 0.388
Indeno(1,2,3-cd)pyrene 88.83 9.242 0.479
Dibenzo(ah)anthracene 85.95 9.180 0.645
Benzo(ghi)perylene 91.77 5.937 2.252
3.3. EYo| HYEAM o s 9o, 4 2459 #iEE Azt
GC/MSDE EYoA HEH E4E59 AH < Fig. 2 o YeERIATt
2 SIM BEE o]&sto], AFol2E5s Eelst
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Fig. 2. Total ion chromatogram of PAHs ((a)naphthalene, (b)acenaphthylene, (c)acenaphthene,
(dfluorene, (e)phenanthrene, (f)anthracene, (g)fluoranthene, (h)pyrene, (i)benzo,
(a)anthracene (j)chrysene, (h)benzo (b)fluoranthrene, (Dbenzo (k)fluoranthrene, (m)benzo
(a)pyrene, (n)indeno(1,2,3-cd)pyrene, (o)dibenzo(ah)anthracene, (p)benzo(ghi)perylene
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Table 4. The Selected Ions for PAHs

CB iR

Materials Selected ions Confirm ions
Naphthalene 128 127
Acenaphthylene 152 151
Acenaphthene 154 153
Fluorene 166 165
Phenanthrene 178 179
Anthracene 178 176
Fluoranthene 202 203
Pyrene 202 203
Benzo(a)anthracene 228 229
Chrysene 228 229
Benzo(b)fluoranthrene 252 253
Benzo(k)fluoranthrene 252 253
Benzo(a)pyrene 252 250
Dibenzo(ah)anthracene 276 277
Benzo(ghi)perylene 278 279
Indeno(1,2,3-cd)pyrene 276 277
pyrene—dio 212
phenanthrene—-dio 188

Table 5. Concentration Levels of PAHs in Railroad(Waste Railway Ties) Area

(unit : pg/kg Wet wt.)

PAHS Railroad Area Concentration
R R2 R3 R4 R5 R6 R7 R8
Nap ND ND 021 0.31 ND 0.19 ND 0.26
Acy ND | 1563 | 149 19.03 ND ND ND 12.90
Ace ND ND 0.64 0.4 ND 0.93 ND 0.90
Flu ND ND ND ND ND ND ND ND
Phe ND ND 167 430 ND 576 ND 5.2
Ant ND 358 247 2409 | 140 422 ND 515
Fla ND ND 462 1396 | 113 | 2760 | 106 | 1750
Pyr 3114 | 4693 | 25053 | 159864 | 6172 | 311620 | 87.29 | 201096
BaA ND ND 327 2409 | 115 | 3202 | 077 | 2159
Chr ND ND ND ND ND 1993 | 087 | 1673
BoF ND ND 3.04 3863 | 111 | 2083 ND 27.06
BKF ND ND ND ND ND 363 ND ND
BaP ND ND 310 32.01 106 | 3440 ND 36.79
P ND ND ND ND ND ND ND ND
DA ND 215 ND 2304 ND 9.24 ND 17.89
BghiP ND ND ND ND ND ND ND ND
SPAHs | 31.14 | 6829 | 217.04 | 1813.94 | 67.57 | 3274.95 | 89.99 | 2172.95
SPAHeue 215 | 941 | 12277 | 332 | 10012 | 0.77 | 103.33
ZZ}? ﬁ%@{) 315 | 433 677 | 491 3.06 085 | 476
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659 PAHs(BaA, BbF, BKF, BaP, IcP, DaA)
o] ¥ FZ(t-PAHcare) 55 W HESIH
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Fig. 3. Relationship between
t-PAHcarc concentrations in soil of
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o YER ST

Table 60914 H+ vle} Zo] pyrene°] &%
A Ao A 16.02 ~ 41700 pg/kg 9 WHR =
F AEHAoH, t-PAHs® sE=WHAE 16.02
~ 20886 ug/kg (H+t : 31551 pg/kg)o =
Efyt o, T8l

]Z H]—o]-t' ;di Zl ol% 6%—
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2A

0 ~ 102.46 ug
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~ 1028 % (31 : 384 %)°] H| &R By
oldtt.  t-PAHs$} t-PAHcarc Alole] ##A
< dolEy] fE o]E Aol I AAA
& R* = 09211S HESIY, 1 A#Es

o

Fig.3()el YERAATE t-PAHse] T=H9S
Fnz2 s € AHe FAFHE B vjn
AEHE AFAFL 340 ~ 161.3 pg/kg (Bt :

CB iR

836.29 ug/kg (F :
TAA AL 27401 ~
772.0 pg/kg) ATk B AFelA e Axpe} 7
ARES FAgom vudnd, FAA F
A o] FFFERTh ozt Ak A LA 9

FAg HuFLrot 12959 sEYS

= Ak olHF Aol FHFE L
E Holel 9 Holgta Jin '0—[14]% B

306.24 pg/kg), X219
1,221.34 pg/kg (Ht:

ki _!8,
Qb AT R ol L ri

3.23. #H71E WEF FHAY

AR #AVlE Wigg 3371 A9 S
AN RE, TE, AEE X3 81 A¥S Y
o7 BEA3 Ay 1371494 PAHs 16 5 7
AEHNeH, g FENAN AEHU
. PAHs 16%9 AHIAAEES APshd,
Table 7] YERH AT

Table 79lA YeERd Bk} o] pyreneo] ¥
718 igd Advit 1254 ~ 126.88 /zg/kg-'%]
HE BT AE5HA0H, t-PAHsY] X249

& o]

0.8 pug/kg), FHAAY FEAY 69.01 ~ = 1254 ~137.87 pg/kg (Ht 66.98 1g/kg)
Table 6. Concentration Levels of PAHs in Factory Area (unit : pg/kg Wet wt.)
PAHS Factory Area Concentration
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14
Nap ND | 033 | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
Acy ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
Ace ND | 348 | 081 | ND | ND | ND | 083 | 069 | ND | ND | ND | ND | ND | ND
Flu ND | 185 | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
Phe ND | 193 | 210 | ND | 093 | 065 | 154 | ND | ND | ND | ND | ND | ND | ND
Ant ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
Fla ND ND 6.81 ND 1.89 2.63 4.62 1.38 1.3 247 0.84 1.81 ND 3.1
Pyr ND |1941.0 (37591 | 16.02 |198.10 | 119.37 | 417.00 | 87.33 [113.27 | 265.39 | 70.20 | 125.81 | 17.23 |269.40
BaA ND |2047 | 423 | ND | ND | 1.76 | 758 | 1.84 | ND | ND | ND | 1.38 | ND | 29
Chr ND [2021| 772 | ND | ND | 259 | 134 | 261 | 1.83 | 148 | ND | 1.70 | ND | 297
BbF ND | 27291009 | ND | ND | 387 [ 1091 | 405 | ND | ND | ND | 292 | ND | 36
BKF ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
BaP ND |3282 (1371 | ND | ND | 558 | 1545 | 477 | ND | ND | ND | 559 | ND | 593
P ND |21.88| 845 | ND | ND | ND | ND | ND | ND | ND | ND | 475 | ND | ND
DeA ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
BghiP ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
>PAHs 25.76 |2088.6| 429.8 | 16.02 {200.92|135.80|459.27(103.63|116.40(269.34| 71.04 |143.96 | 17.23 |289.15
SPAHcarc 0 [102.46| 36.48 0 0 11.21 | 33.94 | 10.66 0 0 0 14.64 0 12.49
Zzlf fl?sf?%) 0 |49 | 848 | o0 0 | 825|739 |1028] o0 0 0 |1017] o | 432
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Table 7. Concentration Levels of PAHs in Land-fill Area (unit : pg/kg Wet wt.)
PAHS Land-fill Area Concentration
L1 L2 L3 L4 L5 L6 L7 L8 L9 | L0 | L11 | L12 | LI3
Nap ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
Acy ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
Ace ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
Flu ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
Phe 074 | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
Ant ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
Fla 2.27 ND 1.32 0.99 ND 0.89 ND 1.02 1.29 ND 1.3 0.9 1.29
Pyr 126.88 | 53.56 | 110.71 | 81.53 | 1254 | 39.51 | 2048 | 47.16 | 77.26 | 26.94 | 60.71 | 49.87 | 121.19
BaA 157 | ND | ND | ND | ND | ND | ND | ND | ND | ND | 157 | 213 | 288
Chr 164 | 125 | 11 | 152 | ND | ND | ND | ND | ND | ND | ND | ND | ND
BbF 231 | ND | ND | ND | ND | ND | ND | ND | ND | ND | 28 | 353 | 56
BKF ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
Bl 246 | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
IcP ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
DeA ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
BghiP ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND | ND
>PAHs 137.87 | 54.81 |113.13 | 84.04 | 12.54 | 40.40 | 20.48 | 48.18 | 78.55 | 26.94 | 66.41 | 56.43 |130.96
>PAHcarc 6.34 0 0 0 0 0 0 0 0 0 4.40 5.66 8.48
ZPAHeare/ 459 0 0 0 0 0 0 0 0 0 6.62 | 10.03 | 6.47
SPAHs(%)
o2 Yetyton, oF UAELRE st 4-Ring(Fla,Pyr,BaA,Chr), 5-Ring (BbF,BKF,
= 639 F¥% (t-PAHcarc) #9lE 0 ~ BaPDaA), 6-Ring(BaPIcP)o] &2, wF¥
848 pe/kg (BT 1 193 pe/kg)= t-PAHsl of A A=A E) FHESNAE
3 0 ~ 1003 % (HE : 213 %) H&Z & 2-Ring 6.7%, 3-Ring 30%, 4-Ring 38.3%,
EE t-PAHs¢} t-PAHcarc Aleole] = 5-Ring 25.0%%= o]Fojx <9low, 4-Ring >
d4S Lotry] 98l olE Abold] FHA(AE 3-Ring > 5-Ring> 2-Ring &M & eyt
AAG R = 037182)% AESY, 1 A#E oyt o]fES WE MHEIrE ¥,
Fig.3(c)ol YeERAT t-PAHse sEWHE A5 qdol= ZEEZE 203l I 5E
1254 ~137.87 pg/kg (Bt @ 6698 pg/kg)s 7e] o2 Potter T[4l ¢l&td ZEl=
AFA B 217 ~264.2 pg/kg (Hit @ 87.2 foll+= naphthalene, phenanthrene,
pg/kg)Boh 9 FEE YEdny. Eg fluoranthene,  pyrene,  benzo(a)anthracene,
Fig.3(c)et o] Aad (AAASF R’ = chrysene©] A3, 4719l
0.3782)c] 0.6 o|3t=E H7|E WHF FHAY benzo(b)fluoranthrene,  benzo(k)fluoranthrene,
oA zZAlE t-PAHs® t-PAHcarc ¢t A3 benzo(a)pyrene® 22 3L =AY
ol e Aoz ZAE AL Huxo] Qe A5 FAEE EdE0] &4
St eS gAT F QAT
3.5, St PAHs 3lEHEQ| EZEM T TR A= 2-Ring 2.85%, 3-Ring
Fig. 4= A9z 343 PAHs 9 v+ X5 15.7%, 4-Ring 57.1%, 5-Ring 24.3% = ©]F°]
AE HESH] fste] ZF 34 sxe & Z 9lemw, 4-Ring > 5-Ring > 3-Ring
t-PAHs®l o gk v &= e ST >2-Ring A2 Yelgth  F.av[de] 4 ~

2-Ring(Nap), 3-Ring(Acy,Ace,Flu,Phe,Ant),

5 Ring
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9] PAHs7} =2 H[E&Z YEEI AH]



7] 2 ~ 3 Ring PAHs7} v+& Hl& = e

o g, o)t PAHse Fa egge] 54

Az Ao 7|Qlsta, AMESE AR TR,
Are] 2% Fo| FEoletaL AZEH, 4 ~ 5
Ringel #Ale] 814%E zAsta A& AAE
< Kim &[15]o] Al&A9 34+ ESS o
dog o Avet fAES & 5 U 1
g HrlE wWEgd FEAFdAE 3-Ring
277 %, 4-Ring 83.3 %, 5-Ring 139 % & T
AEol glom, 2 4-Ring°] 80 % °|4S =}
At &S & T ARG o] AgLe A
(AAQAS R* = 03782) 59 A5g o7= 1
et e oy Ao AZtHY, FuxY
ol S¥EH] glv Aoz dddr
1000 — ~(OEEAEFUEY
BEANY FHE
N0 — DHSHEE XIAFHES
80.00 ]
= 70.00
§ 60.00
é 50.00
g 40.00
§ 30.00
20.00 —|
il
oo b |
2-Ring 3-Ring 4-Ring 5-Ring

Fig. 4. Relative abundance(%) of individual
PAHs to t-PAHs concentration in
area.
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WEAFANL FHEY T FEX9@#HAE)
o] BEUS o w B3 Ay £ 97 A

% 8/ AYGelA PAHs 16%F % 13% 4
=531, t-PAHs® s=W9e 3114 ~
3274.95 pe/kg (B 1 966.98 pg/kg) & b
Elyom welE Az 7EsEtal JE 6%
FZ(t-PAHcarc) ®91E 0 ~ 12277 ug/kg
(H3t : 4273 pg/kg)E t-PAHs9F B w&ho]
0 ~ 677 % (H : 348 %) v &= e}t

o] »EWeE 1602 ~ 20886 pe/kg (Hit
31551 pg/kg)o @ UEhGom welE AR
HEEI Y= 6%9 F% (t-PAHcarc) W
A= 0 ~ 10246 pg/kg (Bt @ 1584 ug
/kg)Z t-PAHs®} Hlwsle]l 0 ~ 1028 %
(H3t @ 384 %) w&Z YERRTH

A7l A 33 A9 T ORE, TE,

AEE Tt 81 AE digow A
3 Az 137040l PAHs 16% 5 75°]
AEHAAL, iFE ZEAA AEHAoH,
t-PAHs®] F=W 9= 1254 ~137.87 pg/kg
(B3t : 6698 pg/kg)o 2 UERRTE ELE

A=
A2 Fa e 659 &
b

0 1.93 pg/kg)Z t-PAHsel thal 0 ~ 10.03
% (Hat 1 213 %)°] H&R2 e

N

T =

F A9 t-PAHs®F t-PAHcarc Abeole]l A+
Aol e wgHAAALe FHEY FollA
=R (HH=)e] B (AAHAF R =
0.8301), &4A (AAASF R* = 0.9217),
AZIBHg A9 (AAASF R® = 0.3782)
o A LFERRLTH

AR 3 PAHs 9 REEA A=

WP H X (H =) FHE G
4] 2-Ring 6.7%, 3-Ring 30%, 4-Ring
383%, 5-Ring 250%, FFAHAA
2-Ring 2.85%, 3-Ring 15.7%, 4-Ring
57.1%, 5-Ring 24.3%, 18 il #H7]& Wl {
& A Fe 4 3-Ring 2.77 %, 4-Ring 83.3%,
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5-Ring 139 % & uYElgtom A A
% 4, 5-Ring? #Eo] wuA = ue
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