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ABSTRACT

Objectives: The objective of this study was to evaluate asphalt fumes and PAHs exposure among asphalt road paving workers.
Methods: Task-based personal air samplings(n=41) were carried out in 3 asphalt road paving construction sites using PTFE
(polytetrafluorethylene) filters for asphalt fume and XAD-2 with glass fiber filters for PAHs. The concentration of fumes and PAHs
were showed by four different job(paver finisher operator, paving laborer(raker), macadam roller operator and tire roller operator).
Results: The geometric mean(GM) concentration of asphalt fumes as benzene soluble aerosol was highest at paving
laborers(42.32 pg/m’), followed by in order, paver finisher operators(41.57 xg/m’), macadam roller operators(31.9 pg/m’), and tire
roller operators(30.31 yg/m"). The GM of total PAHs concentration was highest at paver finisher operators(37.5 rg/m'), followed
by in order, paving laborers(20.13 xg/m’), tire roller operators(8.66 1g/m'), and macadam roller operators(6.23 pg/m’). The results
of the evaluation of 16 compounds of PAHs showed that the concentrations of naphthalene, achenaphthylene, achenaphthene,
pyrene, fluorene and benz (a) anthracene was higher than those of other PAHs compounds and as the carcinogenic substances,
benzo(a)pyrene, and debenz(a,h) anthracene were detected. The benzo(a)pyrene equivalent concentration(BaPeq) was 2.81 pg/m'
at paver finisher operators, 2.07 pg/m' at paving laborers, 0.41 pg/m' at tire roller operators and 0.22 £g/m' at macadam roller
operators. Asphalt road paving workers have higher benzo(a)pyrene equivalent(BaPeq) values even though at lower total PAHs
concentration than workers in steel pipe coating and tar industry.

Conclusions: Asphalt road paving workers were found to have risk of carcinogen exposure due to higher Benzo(a)pyrene
equivalent concentration(BaPeq) than other PAHs exposure occupations. This study confirmed the carcinogenic hazards among

asphalt paving workers.

Key words: asphalt fume, benzo(a)pyrene, polycyclic aromatic hydrocarbons, road paving workers

LM B
O} AZFE (asphalt) gt Y-G9 & Ao|A 2EZ o
2 W S04 Ao HE o £ v

el HEBHER, f71skeE 0P w8
Zo| ZFH & AF o4 TEA BepaE T4
=lo] girhLee et al, 2012). YNHOE u]TolA

#2 AHgET, ofaBES
Al A ot E 72
ZJ(22, sand) F= AL
iH%XH(/Sj-‘i S)reS EFste] aL2oA 7hERE ofx
ZE FH2|E(asphalt concrete), U OofAFES YA

sho] Apgatc

7]
, aggregate), A+

*Corresponding author: Hyunhee Park, Tel: 052-7030-901, E-mail: phh2000@kosha.net
Occupational Safety and Health Research Institute, KOSHA, 400, Jongga-ro, Jung-gu, Ulsan, Republic of Korea, 44429
Received: August 7, 2018, Revised: September 12, 2018, Accepted: September 14, 2018

Hyunhee Park https://orcid.org/0000-0003-1506-9505
Sungho Kim https://orcid.org/0000-0002-0158-1244

Eunsong Hwang https://orcid.org/0000-0003-3487-2096

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in

any medium, provided the original work is properly cited.

257



258 Ei5

ok

o

(=2
[

o

- UNs

ObAE EAHYL YmEHoR Aol ofx
& 30| (paver finisher) X}epol] £ 3, A1)
Aepo] AT AR ofATE ExolY TS
(rakers) o] Aok webhuA Weksh @ 4% 2
S el Bt 0% THE £28 Y 2
(macadam roller, &]8}3] #F2h) xjaFo] A V7FHA 13}
o= sHAl HaL, o] % Ehe]o] =&d(tire roller, il
e A2 2ol 23} UAAS Sl BHoR
olzojHey, ofATE AR 4 qlone Teud
ARA Fagt Jubg FHEY ofAF AP A ol
vz AYiksto] sk FEjolch. AAME ofAFEE
Aol =a wzAA] oF 160T o] 39| 28] AJH
£ fFAstooF stER, 11.2-9] ofARES Hito| YA
et FAR EAsk A e AAlske A ol
A ofiFo] e Qe okATE & Y thehak
263144 (Polycyclic Aromatic Hydrocarbons, PAHs)
7F 2 QA A =Tk

=+ A ¢l S Ax(International Agency for Research on
Cancer, JARC)= =2 A4+ Ao A =E&E= ofAZE
Fo) Wk o]tk AL obd FelA] ghonk,
wehgE PlE A6AR 1T Wi 53} Betslel o]
HFot7 55521 Group 2B(possible carcinogen)= 2|43}
AUTHIARC, 2013). E3F, A5y w2 E (R L r
So] H7hE) oliwE FF A9 F FHE oliBE

Ae] e
2013). ofAZE

= R
£ Fedhs A9 AAE e s S HexiE

Table 1. Target monitoring workplace

oft

3 I, = A, 24, 58, 7 1= 5 9487307
Fol Qlth= H7} 1313 (Butler et al, 2001), A2
LeE FEA} HEET2ARL Blaste] Q1Y WA
o] T, 15 I, B AFTAE U = d+EH
| A tH(Tepper et al., 2006). O}AZE & =& 53t
e 9182 SHEo] 9l PAHs7E =8 IE4R
PAHs= 27} o]/e] Al 2] & Zhe Wk Tolpano]
th. PAHs= =2 A3 sHAlEs FastAy getd s
U {710 29 Aaapgola A= o] At A
LeEEH, ofATES] AR HFE Ao R TSt
= IgollA A E Tk PAHs= ZHAdo] AL, BEss
o] =jw, Hiel, AARoledo] = Ao ® defA Stk
53] o729 He, W AL Y 5 itk
Aeg dHA i, FF FEAAN YA RE T
AtollA OFATE & 59| PAHs keEof| o3 4ARkAE
gl &7F F7Fske] DNAC] A4l olS fieh o lok=
A7 A= QIthBal et al, 2018). =+ OfATE E7
2210l i3t PAHsO] g gm0l HisiAls A7HA]
A v glok & AFtolA s ofATE =R xA
2k & Aol whE ofAZE F W PAHsO| kEFE
TS B7FekAL, PAHsO] AR SAS AR

s},

K

m o2

o

e

-
_

. Chat 3 e

1. 912C A

OFATE ERIAS AATH= AT 174, SE
AAAG 2HAE g2 20179 6 ~ 72 Ao of
2~UE F Y PAHs 5 B7FSIrK(Table 1). 57 9]

Site A B C
Location(City) Gimhae Busan Yangsan
Road type Road in Industrial complex Natioanl road Natioanl road

Function of road General Road

Bridge General Road

Asphalt type General Ascon

General Ascon General Ascon

Pavement Middle-Layer Pavement Middle-Layer Pavement Top-Layer Pavement

Paving tickness 19 mm 10 mm 19 mm

Sampling period June, 2017 June, 2017 June, 2017

Sampling mean time(range) 385.2 min(100 ~ 460 min) 331.5 min(142 ~ 401 min) 409.7 min(125 ~ 480 min)
No of sample 16 16 16
Weather(Temp. C) Sunny(20~257C) Sunny(22~26C) Sunny(20.5~257C)
Wind velocity > 1 m/s > 1 m/s > 1 m/s
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2 &% - BAUY
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X A A5G- (National Institute for Occupational Safety
and Health, NIOSH)©] 54141 #50420] whe} AA|8H%
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724 _‘0;: L8z 2 7Py\]_ji Lﬂxkiﬂfsl.oq 243519 ou4 Al
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Y Al R] HE|(syringe filter)S ©]-2-35}¢]
o]7}stgl o HA|Z 2 ufE 1) 3 (waters acquity UPLC
H-Class, USA)-& 337 < 7|(fluorescence detector, 350 nm
/397 nm)E ARg-she] EA5FATE PAHs O] ARk
% Naphtalene, Acenaphthene, Phenanthrene, Anthracene,
Fluoranthene, Pyrene, Benz(a)anthracene, Chrysene, Benzo
(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene,
Fluorene, Acenaphthylene, Debenz(a,h) anthracene, Benzo
(ghi)perylene, Indeno(1,2,3-C,D) pyrene®] 167 &2 o
3t F=5 H7I5kSAth PAHs O] Al RSRE F 540l
71 &2 Ao g d#A 9= Benzo(a)pyreneS HAIZE 12
3lo] thE PAHs A|R3$HE9] =X A|4x(Toxic Equivalent
Factors, TEF)Q} AM&HAZ3HS Ity EA4S7HAS
(Benzo(a)pyrene Equivalent Factors, BaPeq)S AF&3}S
t}. AlESFeHES] TEF+= Naphthalene, Acenaphthylene,
Acenaphthene, Fluorene, Phenanthrene, Fluoranthene,
Pyrene= 0.001, Anthracene, Chrysene,
perylene+ 0.01, Benz(a)anthracene, Benzo(b)fluoranthene,
Benzo(k)fluoranthene, Indeno(1,2,3-C,D) pyrene+= 0.1,
Debenz(a,h) anthracene= 12 ZHAF5}ITHZhao et al.,
2016).
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D. ~ 308.71 pg
m)= 7MY =900 tha o2 A 24 41.57 pg
m(N.D. ~ 259.01 pg/m’), WG 228 SHY 319 pg
m(N.D. ~ 171.55 pg/m’), Eto]o] 228 &4Y 30.31
wgm(N.D. ~ 72.13 pg/m)5E0] A tH(Table 2).

T F OIATE F FEE ATl uet AvE,
SZAEZO|A 7|5FEF 212.95 pg/m' (7838 ~ 691.43 pug
m)E 7 =3, o= A% 24 148.33
(gm'(63.15 ~ 273.57 pg/m’), etolo] 2L Y 140.5
pg/m'(103.71 ~ 285.11 pgm), HAY =228 &4

Table 2. Concentration of asphalt fume in asphalt road pavement work

83.39 pg/m’(39.95 ~ 295.16 pg/m’) 0|}t F EA
F oPAWE §o N3 Aao BRI/t o R
AN

2 o8 vEht BFH05% G-9)9=5), Hl= A
Moz 2% ofAZE F(HHFEE) s A A
T b =0l Apol7t gl A= UEhHTh (Table 2).

(17.545 ~ 73203 pgm)o2 7} =9f1, EAEZ
20.131 pg/m(1.922 ~147.62 pgm), Efojo] 22 LAY
8,662 11g/m(3.658 ~ 19.698 ugm), MAE 2ed] AL
6.288 1g/m(2.99 ~ 18.618 ug/m’)2=20] 21t Table 3).
2478 Aol A Bk A= 9] PAHs Al =4
¥ =& A1 EH, Acenaphthylene(8.449 ug/m’), Benz

(Unit: pg/m’)

Asphalt Fume

Job Classification
Total Benzene soluble aerosol
Distribution log-normal log-normal
Paver operator AM"+SD' 164.23+75.94 76.36+92.82
(n=6) GM' (GSD) 148.33(1.677) 41.57(3.658)
Range 63.15~273.57 N.D.”~259.01
Distribution log-normal - (p=0.022)
Raker AM=+SD 243.03+133.75 64.85+73.91
(n=24) GM(GSD) 212.95(1.701) 42.32(2.386)
Range 78.38~691.43 N.D.~308.71
Distribution log-normal - (p=0.012)
Macadam Roller AM:£SD 109.81£92.08 52.04+61.14
Operator
(n=8) GM(GSD) 83.39(2.155) 31.9(2.661)
Range 39.95~295.16 N.D.~171.55
Distribution log-normal - (p=0.014)
Tire Roller Operator AM=+SD 154.65+87.21 35.08+24.73
(n=4) GM(GSD) 140.5(1.609) 30.31(1.786)
Range 103.71~285.11 N.D.~72.13

Comparison of average concentration

ANOVA test, p<0.05

Nonparametric Test, p=0.861

* AM: Arthmatic Mean
$ GSD: Geometric Standard Deviation

http://www.kiha.kr

*SD: Standard Deviation
*N.D.: Not Detected

¥ GM: Geometric Mean
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Table 3. Concentration of polycyclic aromatic hydrocarbon in asphalt road pavement work (Unit: pg/m’)
Job Naphthalene ~Acenaphthylene Acenaph Fluorene Phenan Anthracene Fluoranthene Pyrene Benz(a)
thene threne anthracene
LOD(yg/sample) 0.409 0.291 0.128 0.112 0.020 0.004 0.026 0.063 0.006
TEF 0.001 0.001 0.001 0.001 0.001 0.01 0.001 0.001 0.1
AM'+SD’ 2.73+2.54 8.99+3.16 2.13+1.12  1.05+2.39 1.17+0.61  0.16+0.08 3.69+3.48 6.30+2.99 12.66+14.12

Paver  GM'(GSDY) 2.09(2.13) 8.45(1.50)  1.41(4.13) 0.15(6.13) 0.96(2.24) 0.14(1.78)  2.62(2.42)  5.72(1.62)  8.18(2.627)

operator
(n=6) Range 0.79~7.79 4.46~12.74 0.08~3.16 0.07~5.93 0.21~1.90  0.07~0.26 1.08~9.83 3.27~10.89 3.53~39.13

BaPeq 0.00273 0.00899 0.00213  0.00105  0.00117 0.0016 0.00369 0.006297 1.266

AMESD  2.5942.52 575532 2794447 0.0740 0.8£0.833 0.118+0.1  230+2.17  4.60+4.32  11.32419.91
Raker  GM(GSD)  1.62(2.904)  3.12(3.93)  081(6.79) 0.07(1) 035(4.61) 0.063(4.427) 1.16(5.043) 236(4.74)  2.60(14.89)
(n=24) Range 026~9.10  0.18~17.20  0.08~21.64 0.07~0.07 0.027~2.78 0.002~0.34 0.016~9.17 0.039~15.78  0.004~91.12

BaPeq 0.00259 0.00575 0.00279 0.00007 0.0008 0.00118 0.00230 0.00460 1.1322
AM=£SD 1.31£1.08 1.06+1.72 0.08+0 N.D.”  021£0.17 0.025+0.026 0.93+0.80 1.90+1.34 1.304+2.37
Mﬁz?f;m GM(GSD)  0.91(2.65) 0.38(3.98) 0.08(1) ND.  0.14(3.37) 0.011(4.944) 0.51(4.82) 1.51(2.11)  0.045(31.17)
Ofneizt)or Range 0.26~3.11 0.18~4.77 0.08~0.08 N.D. 0.012~0.46 0.002~0.058 0.016~2.47 0.45~4.11 0.004~6.81
BaPeq 0.00131 0.00106 0.00008 - 0.00021 0.00025 0.00093 0.00190 0.130
) AM=+SD 0.69+0.18 N.D. 0.47+0.68 N.D. 0.344+0.35 0.05+0.018  1.58+1.09 2.57£2.19 3.41+3.01
RTOllrer GM(GSD)  0.68(1.29) N.D. 02(492)  ND. 0242.66) 0.048(1.421) 136(1.90) 2.032.31)  0.46(63.81)
OF:L?)OY Range 0.56~0.90 N.D. 0.08~126  N.D.  0.13~0.74 0.035~0.07 0.84~2.83  0.98~5.07 0.004~5.74
BaPeq 0.00069 - 0.00047 - 0.00034 0.0005 0.00158 0.00257 0.341
Job Chrysene i ithone uornhehe  pyrene. antmacene pemiene | Dypyrene | TOWLPATS
LOD(yg/sample) 0.048 0.016 0.040 0.015 0.423 0.367 0.052 -
TEF 0.01 0.1 0.1 1 1 0.01 0.1 -
AM=SD 0.47+0.48 0.67+0.405 0.35+0.28 0.36+0.23 1.03+0.86 0.38+0.36 0.18+0.24 42.3+21.56
Paver  GM(GSD)  0.29(3.02) 0.37(6.04) 0.22(3.491)  0.29(2.15)  0.75(2.49)  0.30(1.90) 0.08(4.09) 37.5(1.72)
OI()SS;:;” Range 0.07~1.29 0.01~1.2 0.025~0.76 0.11~0.69 0.26~2.47 0.23~1.11 0.032~0.51 17.55~73.20
BaPeq 0.0047 0.067 0.035 0.36 1.03 0.0038 0.018 2.81
AM=SD 0.49+0.49 0.33+0.47 0.22+0.30 0.27+0.35 0.58+0.656 0.31+0.41 0.08+0.12 32.62+34.11
Raker GM(GSD)  0.26(3.61) 0.07(7.56) 0.081(4.22) 0.088(6.27)  0.40(2.16)  0.25(1.59)  0.047(2.41) 20.13(2.94)
(n=24) Range 0.03~1.66 0.01~1.71 0.025~0.90 0.01~1.65 0.26~2.43 0.23~2.22 0.03~0.49 1.92~147.6
BaPeq 0.0049 0.033 0.022 0.27 0.58 0.0031 0.008 2.07
AM+SD  0.095+0.094 0.033+0.066 0.042+0.047  0.10+0.18 N.D. N.D. N.D. 7.68+5.59
Mﬁzﬁm GM(GSD)  0.063(2.55)  0.0142.87)  0.032(1.92)  0.02(5.54) N.D. N.D. N.D. 6.29(1.92)
ngi;t)or Range 0.03~0.25 0.01~0.195 0.025~0.16 0.01~0.43 N.D. N.D. N.D. 2.99~18.62
BaPeq 0.00095 0.0033 0.0042 0.104 - - - 0.25
AM=SD 0.26+0.22 0.61+1.04 N.D. N.D. N.D. N.D. N.D. 10.7948.17
R’I(;lllizr GM(GSD) 0.21(2.224) 0.056(20.13) N.D. N.D. N.D. N.D. N.D. 8.66(2.32)
029:3)“ Range 0.11~0.52 0.01~1.81 N.D. N.D. N.D. N.D. N.D. 3.66~19.70
BaPeq 0.0026 0.061 - - - - - 0.41
" AM: Arthmatic Mean "SD: Standard Deviation ¥ GM: Geometric Mean
Y GSD: Geometric Standard Deviation "'N.D.: Not Detected
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(a)anthracene(8.183 pg'm’), Pyrene(5.724 ug/m’), Fluoranthene
(262 pgf) 202 HEI} BT, WASIFO] Y= A

o7 oA Benzo(a)pyrene(0.29 ug/m’), Debenz(a,h)

anthracene(0.749 pgm)= HAZE Ut EAEF 2R}
o 4] &= Acenaphthylene (3.119 ug/m’), Benz(a)anthracene
(2.601 pg/m’), Pyrene(2.358 ug/m’), Naphthalene(1.615 ug/

Asphalt Pavement_PAHs Concentration

10
—&—— Raker
0 ‘ Qe Paver Operator
8 | 79 | ———=-—- Macadam
22 — A —-- Tire
* 2
4

Geomean of PAHs(ug/m3)

T T T T T T T T T T T T T T T

T
NAP ACE ACENFLUO PHEN ANTHFLUOR PYR BAA CHR BBF BKF BAP DIB GHI IND

PAHs

# NAP: Naphthalene, ACE: Acenaphthylene, ACEN: Acenaphthene, FLUO: Fluorene, PHEN: Phenanthrene, ANTH: Anthracene,
FLOUR: Fluoranthene, PYR: Pyrene, BAA: Benz(a)anthracene, CHR: Chrysene, BBF: Benzo(b)fluoanthene, BAP: Benzo
(a)pyrene, DIB: Dibenz(a,h)anthracene, IND: Indeno(1,2,3-C,D)pyrene

Figure 1. Concentration of Polycyclic Aromatic Hydrocarbon in Asphalt pavement work (Geometric mean, p:g/m")

Table 4. Concentration of polycyclic aromatic hydrocarbons(PAHs) in various occupational environments

Occupational Process >PAHs BaP BaPeq Count Reference
Environments (AM. pg/m’)  (ug/m) (ug/m’) y
Paver operator 423 0.359 2.813
. Raker 32.618 0.267 2.071 .
Asphalt paving S.Korea This study
Macadam roller operator 7.675 0.104 0.248
Tire roller operator 10.792 - 0.410
Paint Manufacturing - 17.48 0.3 0.394
- - S.Korea Lee JS, 2004
Steel pipe coating - 526.54 0.7 1.986
) Personal 17.09 0.003 0.034
Tar Manufacturing - S.Korea Lee K, 2005
Environmental 12.97 0.11 0.46
) packaging 1.953 0.341 0.566 ) )
Carbon black industry — Taiwan Tsai P et al., 2001
palletizing 1.449 0.285 0.314
Traffic policeman - 0.867 0.0262 0.0824  China, Tianjin Hu Y et al, 2007
Highway toll station - 0.330 0.0216 0.0413  China, Tianjin Zhao Y et al., 2016
Bus line 0.112 0.00135 0.00438
Vehicle Inspection factory Gasoline line 0.0561 0.00131 0.00334  China, Beijing  Li et al., 2013
Diesel line 0.199 0.00434 0.0124
Vehicle Inspection factory - 1.884 0.007 0.017
: S.Korea Im HS et al., 2004
Waste Incineration - 6.066 0.015 0.039
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m) 59 &0 2 %% 7} =9+31, Benzo(a)pyrene(0.088
1g/m’), Debenz(a,h)anthracene(0.398 pg/m’)o] AEE St
(Table 3, Figure 1). H7|E 222 2L A+= Benzo
(a)pyrene(0.024 pgm)S A=ZEHUAOL Debenz(ah)
anthracene> #H&3%H v|wto 2 HrlE gtk Efojo] 2
28 2ZYoA+= Benzo(a)pyrene, L Debenz(a,h)
anthracene 5% 74 Z%HA| v|gto 2 H71= Qlt} (Table
3, Figure 1).

3. CHEBHS ElslA(PAHS) SHSTH4

PAHsS] AIREA % B4o] /b 2 AoE Ueld
Q)= Benzo(a)pyrene= =44 12 51o] thE PAHs A
Ho13HE 9] =A] A (TEF, Naphthalene, Acenaphthylene,
Acenaphthene, Fluorene, Phenanthrene, Fluoranthene,
Pyrene-2 0.001, Anthracene, Chrysene, Benzo(ghi)perylene
+ 0.01, Benz(a)anthracene, Benzo(b)fluoranthene, Benzo
(k)fluoranthene, Indeno(1,2,3-C,D) pyrene+ 0.1, Debenz
(a,h) anthracene= 1= HihHQ} Ah=HotdbS +510]
S5 7S (BaPeq)E A= THTable 3). 7+ 2+¢]
¥ EAEIASY e ZAgH 29 2813
m, ZAEF 2,071 pgm, WAE 28 %Y 0.248
pelm, Efolo] 2] £ 0.410 ug/mo] QATHTable
4. T LAY BYSIASE AvEER
At B, Benz(a)anthracene(1.2656 pg/m’), Debenz(a,h)
anthracene(1.032 ug/m’), Benzo(a)pyrene(0.359 ugm’) =
O =9k, EAEY ZHQR}o]| A= Benz(a) anthracene
(1.1322 pg/m’), Debenz(a,h) anthracene(0.58 1g/m’), Benzo
(a)pyrene(0.267 pg/m’) =S 2 =3k}

B, ZHET(42.32 pgm
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A A =719 oF 50% ol 2221 350.97 pg
molQlal ZAFEF AR oA 176.98 pg/m' 4=5=0]
) .

Ul A ofAZE Fof thgt =&V 1 Aol
Al oFAFE F ok ohRt AgAE o R ofA
ZE Fof digt H7HE AASH=tl(Jeong et al,
2006), o] 3 7O =mEA A ofATE F
T s BURRE A1} 399 THES AARHEZAEA
HZZPoA ZF 410 pg/mt', 290 pg/m', 210 pg/m' o2 5
E7b 7P kA, 2] 24 180uy/m, AN
714 130 pg/m, Efojo] U HE3AI(30 pg/m)
ujgto| gkl B 1514 t) Jeong et al.(2006)2] =<7}
Atz o]l AtETh ofF 108} 7HF =& F==,
Ol WA ofATE ZAHH| Aulo A= ofAFES |
= T E7|1FA7 A=A 92 A7 o]
oL, 2ol AlrbE 24| Y] AL of AT S T
SO ofATE FF A ASH= VAT AR E o
Aol sz Apo7F F Aow Frienh E3L 2
PE7E AW S olAY FHo] Ao ol AAsk
717F o8& AS =EsE o EokAed, o|
A= Ald =22 dAoA 2G-S AAEH
FHo| Ad=o] glar JiE g0l B x18gE J
o] 7]& Ate} vlawste] FEEo] v Wtk
7T ot o ¢t 371 ARl A 4171 A=l
gt Hs=oln, o) &7t ArE o ) AR
A& dde= 519laL, of¥l A9 Fti(max) =EF
T ZF2 Jeong et al.(2006)9] =59} H|w5to] JA}
gt s YER AT

NIOSHoJ| A 1994 of| A 1997 AZF m]=k W A2y
oF & ThRt Aol A 3Y3k ofATE == AFARY
of gt ofATE F(HAFEE)=EF 7 2K Butler
et al, 2001), =% 2 224] ZFQ(paver operators,
screed auger operators)o| A 2F 82 ~ 590 pg/m’, =&
ol A 30 ~ 22 pgm, Tl F ZFYAFO A 55 ~
170 pg/m' o]l Hilsto] o 119 k&= |9
oF AR ol Th

HAEETH o] ofd FEA F ofATE o] 5k
o] A% ol Ao = EAET(212.95 pgm), Z4
Zge] A A(148.33 pg/m), Efolo] 22 &4 (1405
pgm’), WA 2&e 2 U(83.39 pg/m o] qlLt.
Jeong et al.(2006)2] Aol A= ofATE YA AR
ol Ali= 2+ 150 pg/m, 170 pg/m'o]aL, ofAF A RAY
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ol A= 2+ 770 pg/m, 860 pg/m', EEIZZF FAFO|A =
1010 s/ 2zo] ek W skelch. =) BEA &
A kAt EAF ARJOIA ORABE § 1B A
A& AL A]=(Choi et al., 2000), EARH] B2
7,970 pg/m’, AAN] A} 3,430 pg/m’, oOfAE EZA
370 pgm, EPOM 227 450 pgm, Y 222 360ug
oI, 157 ARe B WAAAT 7ehEE
940 (g/m'o| c;)i]:]'.L_ H 15}k Hicks et al.(1995)9] <
Troll A<= 7|8} 8+t 370 pg/m’, Tepper et al.(2006)2]
F-ol| M= 7] 24 Y(paver operator, screed operator)
220 pg/m’, 180 ug/nm', EAFEF(raker) 200 pg/m’, 27
27 Q(roller operator) 70 pg/m'S.2 o] A AL}
FASFACE Chung et al.2018)2] A4 F3t 4
W TR ofABE w2 BAWY 2/)4S o
2 olABE § 5ES Bk A7 2] ARl

2T HOE 167 ~ 7,801 pgm'ZE wj-$ tloFstial

7|5k E et 1,361 pg/m' Spmolebal Halskqih A
559 7 514 pgm'(157 ~ 3,908 pg/m), =&eH

A= 133 pug/m'(47 ~ 300 pgm’) $~Fo]etal B sk ch
o}-/\Iﬂ-E 62_ z]-oqxl-/RA Ekl ul HX] z é 514 =

i
W AN r

[

il

&, GH, otATES] T Fofl met Fkert e Aol

= & ¢ dlew, AT REES 2440 (paver

operator) 3! Z7-5-&(raker)f| A] 7% il 2ad 2
3|

(Total PAHs)9] 7
AN, ZAET == Ho|yl 2 EAJo] 9o
95% A3tA] H=(FA)E 5 118.618 ugm'= 7}
A =9Fa1, EAAH] 93458 pg/m’, Elolo] LAY
34534 pym', MY 227 18.362 pgm’ o]k Z+
Z4e] 7)stEEHAE 2HEFIA 2947 7 %
1, ZAAN] Ao A 1.742 71 A}ich

OAZE g A F PAHsO| 1671 AlFSltEol
ojst H7FA1), Pyrene, Benz(a)anthracene, Fluoranthene,
Naphthalene, Acenaphthylene, Acenaphthene 557}

£ PAHs == HT} =2 EXJo] 9t} Hicks et
al. (1995)9] AtolA =zzAd2d Aol ek PAHs
= EY7HE AASYET(0-9), PAHsS] Al 3keHE
% Naphthalene(5.4 pg/m’), Acenaphthene(1.3 ug/m’),
Acenaphthylene (0.69 pg/m’), Fluorene(0.51 pug/m’),
Phenanthrene(0.43 1g/m’), Fluoranthene(0.24 ug/'m’), Pyrene
(0.17 pg/m’), Benzo(e)pyrene(0.16 pg/m’), Chrysene(0.13

http://www.kiha.kr

1g/m’), Anthracene(0.05 pg/m’) o] AEZE At

U HOIEA RS, HHEEZA(Lee et al, 2004),
sletAEAIEd B = A4 (Lee et al., 2005)0f A
% PAHSE W7l ATAIE Awmw HQIEAZ
AolA 718HE <t 17.5 ngm'(2.6 ~ 148.4 pg/m), 7=
A A 526.55 pg/m'(112.1 ~ 6,311.3 pg/m’)o]laL,
sletAEAEd B2 AR OlA 718k E o 10.631
it OISHLEA 2160122 B1ei5lc. ol
E =2x32¢ F PAHsE B2 A4z, FRIE
xﬂéﬂoﬂw BbAstel v mey, G|, TYS
T AT GASAY tha 8 Szoldrk

o9k, PAHs E4-57HA42(BaPeq)S v s}, 743t
32 1985 pym, HRE AxY 0394 pgm’, EF=
AlxY 046 pgm' FEo|OL, ofATE LR
9 xZFES A= BaPeq7t Zb 2813 pg/m,
2.071 pgm'2 & PAHs==7} =949 A xRt :
40 H 532 ¢ 7 Adth ol ofATE =
o] =& Benzo(a)pyrene Benz(a)anthracene, Debenz
(a,h) anthracene =7} AthAoz =9k7| wFo|n
G olrBE BRG] tF Berg A= Bt
T Q3FS oF 2= 9jr}

U R} 7 7S HARAo| A BHIFSE & PAHs
= AFEHAO R 1.884 py/m, FHA} 1.662 pgm' 4=
O R (Im et al., 2004), T H|o] o] Xp52} HAL
Sl DA% ARAAE S8 AL A2

AL AteHA 0.056 pgm(EZHZF 0.018 pg/m'), H
20111 pgm' (2R} 0.041 pg/m), T A=FF 0.199
pgm'(EFEHEA 0.113 pg/m) 202 (Li et al, 2013),
OFAZE =gz AHQjo] AFAl HArAS}L H w5l
oF 108 o] =2 PAHs 5= =251 S &
G gtk b7l F PAHs SRS AR Aw
(Chen et al., 2016)°|A] ==+ A|QK(Xian)oj| 4] 0.087 g/
m, SRl AEoflA 0.0263 pg/m, W= ob5THEL
0.002 ~ 0.006 pg/m’, Ik, Q2 Sof A= oF 0.002 ~
0.005 pg/m', 50|kl H skt PAHsS 1671 A
HoletE § e dl(Naphthalene)®] 79~ =W B
ACGIHO|A w=&7|&S 10 ppml 2 X3}l 9o
), U EZ(Phenanthrene, Anthracene, Pyrene, Benzo
(a)pyrene)o]l T3fA] =&7)F0] 02 mgm'E A3}l Q)
ok o9l A ATH: wBv|E3} wmahe 7120 10%
gk aEo s dou dirjed & sER(AE7I9et

ulmstE oF 4008 o & SEAL % 4 UL
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FHAFEY) v TFEF(42.32

AHA@157 pgm), HAHE &AL

Y3031 pgm) o2 =

FE7F wokon, 1120 ofATETE ARt E=ARjE

F, Aol Mol whet eZ 5=t TS d 5
=

2
FEZ =EFVIE 500 pgme] of
o

A7F a-H

2. % PAHs®] T AW Y3749 g
m), ZEFEF(20.131 pgm), Bolo] 27 MY
(8.662 pg/m’), MNE 2L -7¢(6.288 pg/m)e=2
B2 =9k1l, =27]F9] 10% vyt £ZFo]glol, o7

A7 HEoh vmIE U e BEFFOR ®

[e)
AN 53] PAHs A= & et

AlE-219] Benzo(a)pyrene Benz(a)anthracene, Debenz

1o 4 I
N
H
rl
|
O:

(a,h) anthracene =7} =4S o 4 9IStk
olfl AFE Tl ofATE = ZFAAAN= of
2TE §F bE3sEe w4 guEE, oeheks g
=t

ol
of
otk
o,
N
N
=)
2
2
o
ot
rid
ACh
ok
r [*]

o
=
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