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ABSTRACT

Regression analyses were conducted for prediction of benzo(a)pyrene (BaP) and total polycyclic aromatic hydrocarbons
(PAHSs) in soils. Dimensionless units were applied after each PAH was divided by naphthalene (Nap) for the regression
analyses using a previously published Swiss data set or all data sets, including Chinese and Brazilian. A strong correlation
was found between BaP/Nap (R*=0.95) or SPAH/Nap (R*=0.99) and Pyr/Nap ratios from the Swiss data set. When the
developed prediction equation was applied to other measurements to validate its accuracy, there was great agreement
between the data and predicted values. This model could be used as a useful tool for the calculation of average BaP and

YPAH in specific regions without additional tests.
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Table 1. Location of the study sites, number of soil samples, soil type, and literature sources

No. of

Site location (Functional region) samples Soil type Data applied Reference
Swiss, Urban area (Swiss Soil Monitoring Network) Each region Each sample  Bucheli et al. (2004)
Republlc of Korea (SeO}Jl; Metropoll@, mountain, inland, coastal, 26 Fach region Mean Nam et al. (2003)
plain, and iron processing plant regions)

China, Beijing (Urban area) 233 Each region Mean Peng et al. (2011)

China, Shanghai (main roadside, greenbelt, park, residential and com-

mercial regions)

Hong Kong (woodlands, grasslands, farmland, wetland, urban parks)

Brazil (Amazon; Terra firme, V rzea, and Igap, Pantanal, Cerrado,
Mata Atlntica, and Caatinga regions)

53
46 TOC: 1.4-53%

55 TOC: 3.04-7.61% Each region mean Jiang et al. (2009)

TOC: 0.53-2.92% Each region mean Zhang et al. (2006)

Each region mean Wilcke et al. (2003)
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Fig. 1. Ratios of Pyr/Nap and BaP/Nap at five locations.

Catallo(1998y} A AF Aol oJgt Pyr/BaPH] 1.72}
AR TRE BE AHellM= Pyr/BaPHIZ} 1 o)do]
o}t &F(Zhang et al., 2006y HEFE(Wilcke et al.,
2003)2] Pyr/Nap®} BaP/Nap F=HIE TR 37] Aol
Hlg) v HAEEE AoE WSt o9k %LO] =
’elA L] 7 PAH w57t TR A ol| vls)] 4~
o) 2 FS Ml o4 Ukl glom Pyl
100 ug’kg o)’} HolHE 67 oAt

3.2. 2 917 PAHs EX

Aepd= AT I2ZA9Y 17 AR ERAEE
AT 2t A9S *ﬂ—-‘—@r P LEGFAA, A
A, AFEEAY, sEAG0RE 72T Utk Table 2
£ 16557 PAHs9] % E¥XE vela o Mg
A EY T PAHs T 5 9.7~132.8 ugkg dry(Ht
280ug/kg dryHebtth. SAEA ] w2t 27 & 49

AEEE 17.1-24.8 ugkg@T 20.2 ugkg), LEITA

@1% 17.4~45 .8 ug/kg(B 34.5 ugkg), 2GR A
17.1~40.5 ug/kg(H 27.6 ugkg), AFEE5A9e
132.8 ug/kg(@ 30.4 ugkg)o & BEEAC) Hit

5 Bl LAFIAHe] 7 =2 wE ¥
Az, AADA R Ft 25% =4 Z79= ATk Phenan-
threne(Phe)’} 7P =& %] 4ug/kg§ AR AL,
i Pyr, BaP, Nap 5% 22 2.5, 2.1, 2.3 ug/ke®]
Atk Pyr, PheZl A OZ A @%QO% o] A<o]
s Adol ofsk AAYS & 5 UATH(Yunker et
al., 2002).

_IR

o T

Ll OW' 00

3.3. SEH[Of 2 M35 8N
WA oln] WHE 437 99| Pyr/Nap E=H], BaP/
Nap F%5H], SPAH/Nap EEHIZ o] &dla] v A&



5)7)%490] 18 B PAH B o3 B3 AT 29
Table 2. Individual PAH concentration in Jeollanamdo soils
PAHS West region (ug/kg)

Range Mean Median SD
Nap Naphthalene 1.8-34 2.3 2.1 0.6
Acy Acenaphthylene ND-1.5 0.2 0.0 0.4
Ace Acenaphthene 0.4-1.0 0.8 0.8 0.2
Fl Fluorene 0.5-1.5 1.0 0.9 0.4
Phe Phenanthrene 2.0-6.9 4.0 4.0 1.6
Ant Anthracene 0.2-3.0 0.7 0.6 0.7
Flu Fluoranthene 0.8-13.7 34 23 3.1
Pyr Pyrene 0.5-14.9 2.5 1.6 33
BaA Benz(a)anthracene 0.2-10.5 1.3 0.5 24
Chr Chrysene ND-13.4 2.1 0.9 3.1
BbF Benzo(b)fluoranthene 0.6-18.0 29 1.6 4.1
BKF Benzo(k)fluoranthene ND-7.8 1.1 0.6 1.8
BaP Benzo(a)pyrene 0.5-14.0 2.1 1.2 3.1
InP Indeno(1,2,3-cd)pyrene 0.4-124 1.6 0.7 2.8
DahA Dibenz(a,h)anthracene ND-2.9 0.4 0.3 0.7
BghiP Benzo(g,h,i)perylene 0.4-10.2 1.5 0.8 22

100 | A YPAH/Nap y = 7.915x + 2.42 00 | A YPAH/Nap A

OBaP/Nap OBaP/Nap A
y =7.53x + 218
- - R2 = 0.98
5 50 § 50
y = 0.754x + 0.106
R2 = 0.95
0 0 ¢ O °
0 5 10 15 0 5 10 15 20

Pyr/Nap ratio

Fig. 2. Linear regression results for BaP/Nap and ZPAH/Nap
according to the Pyr/Nap ratio using the Swiss dataset.
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2~ AHAIHBucheli et al., 2004)2) 237] Ho]E}7} ©]
25 Pyr<100ugke =719 79, Fig. 20149} 2ol
Pyr/Nap?} BaP/Nap Atolell wl-- =2 JFaAaA| (R*=0.95,
p<0.00H)E EAJTh SAEAd = rlo|az AT EALS)
Excel(2013, USA)o] AMEEHAC™ BAIH T84 (p<

il
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Fig. 3. Linear regression results for BaP/Nap and XPAH/Nap
according to the Pyr/Nap ratio using all data sets.
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Nap®} SPAH/Nap(R>=0.98, p<0.001) Alo]e]] =& AbiAd
S BHAAFRITh Table 3& F 7o W 3|9 #4948
Kok} Zloltt. BE 2o A= 0.86 oF el
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Table 3. A proposed regression equation for BaP/Nap and XPAH/Nap ratios at different Pyr/Nap in soil

PAH Regression equation R? Data used for regression
BaP y=0.754x,+0.106 0.9531 Swiss dataset
BaP y =0.627x,+0.192 0.8658 All datasets
>PAH y=7915x,+2.42 0.9958 Swiss dataset
>PAH y=7.53x,+2.18 0.9845 All datasets
R?: Correlation coefficient.
y: BaP/Nap or ZPAH/Nap, x;: Pyr/Nap.
A statistical significance (p <0.001) was utilized for all regression equations.

150
AYPAH/Nap
100 | 0BaP/Nap y = 14.06x-5.95
R?=0.87
£
2
50
y = 1.26x-0.419
R?=0.73
0 Geerop 0600
0 2 4 6 -
Phe/Nap

Fig. 4. Linear regression results for BaP/Nap and XPAH/Nap
according to the Phe/Nap ratio using the Swiss dataset.
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1,636 ug/kgdt 1,543 ughkgS 2 ¢~ FARRE 23 A
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Table 4. Comparison of measured and calculated PAHs from regression equations

PAH Measured Calculated Relative error Data used Measured
(ug/kg) (ug/kg) (%) for regression reference
BaP 16.3 22.1 36 Swiss dataset Nam et al., 2003
BaP 105 129 232 All datasets Li et al., 2006
>PAH 235 264 12 Swiss dataset Nam et al., 2003
YPAH 1,636 1,543 -5.6 All datasets Li et al., 2006
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