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Abstract

This study is about emission characteristics of HAPs and particulate matters emitted by spray of paint and
organic solvent usually used in vehicle paint facilities. To analyze emission characteristics of HAPs and particulate
matters emitted from vehicle paint facilities are calculated based on the measuring emission quantity of pollutants
based on the amount of paint used (kg) and unit area(m?) by paint manufacturers (J company, K company, and R
company).

In cases of paint manufacturers(J, K, and R), average emission factors of VOCs, carbonyl compound, particul ate
matter, and PAHSs per 1 kg of paint were 327.81 g/kg, 5.98 g/kg, 336.70 g/kg, and 0.0078 g/kg respectively. The
average emission factors of VOCs, carbonyl compounds, particulate matters, and PAHs by unit area were 171.55
g/m?, 3.10 g/m?, 176.27 g/m?, and 0.0036 g/m? respectively.
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2 =N RE EEE oY /b 298l
EAMo] 3t A7} H23ld(Song et al., 2012).
o4 Azte AN AeEz 2
@—g— W) Zshe Abedatell falt7) g
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o} 9} 7173 ‘“l b SRRl Aula] sl HAPS:)
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FRate] W2 4715 = dgstm glon
(Gong and Lee, 2011), el A 8] A= o3 4
oAl HZske] 7kt €Al VOCsol| gl
A7} B2 AlA o]} (Kwon et al., 2006; Ministry of
environment, 2004).
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Fig. 1. Schematic diagram of experimental system for the motor vehicle paint facility.

ko)) 7] 373 813 %] A 29U A 6 5



A5A 2NN B FhH ] LGB

shas, Al sQle AHgak (Lkg)sh helA (1
m?)el] w2 VOCs, 7}1d3}3HE, PAHS, n]A| w1 #] 2]

St Qudos IY 19 ol EE Y &
& A N e Fou)BEE §
o kg R A B WAAAE B3teted 9
Rz EFe Fae PG Qo B AFae
AA 3R Fd3 zHo=2 =ARA(55mx35
mx 2.4m)ell A} VOCs, 7}2d 3318, m) 4| =1 %], PAHs
o) AEAAE =AW 1mx1me] 2] 4=
=4 (Mol - ol — £ — 54)] mm o
#71471% Az 500 g% FHlshe] AL
oh A AR PAAA AE 2304, 4
= 8 A=34 Bt 2Astdon, 2PPEe

19 9FYAFPE B w15 EPA Ayl weh
A A 85

VOCs Al &AF]= H7] ed34A18% 2 wl= EPA
TO-17 BAMuke]el] Fsle] Wg-3¢] 5Ll Aax#
FoY (Tedlar Bag)oll Fd-& 23 F¥H= (Mini-
pump SIBATA, MP-30, JP)= o] &3}e] Teneax TA
(40/60 mesh, Markers Inc., UK) 280 mg-2- A& gl& A
28 ZZ3 (U4 x9cm, Perkin Elmer., UK)e] 100
mL/min®] fFoz AFstdeh AaHF F 2o
ek 2= (TurboMatrix, PerkinElmer, USA)7} GCZ
= (DB-1, 0.32 mm x 60 m x 3um, Agilent Technolog-
ies, USA)e 2 214 7% GC/MS (HP 6890/5973
inert, Hewlett Packard, USA)A] A~ El-& A}8-3lo] 24
seieh,

7R3 A2 A HE WEA o] 5Ll AlsAF
ZFm4 (Tedlar Bag)ell 1cm (Inner Diameter) x 6 cm
(length)] Ze2]z=23FH e DNPH-A2]7}7} Z4
¥l 7}E=2]7] (Top trading, Korea)& AR-g-8blet. F<l
o]l 1~10L/mingl 4] PH=Z= 745 F9ld
3 (SIBATA >_100, Japan)E o] &-3}ed 1L/mine] &
Foz AFstet o] wf 7R PP W] F 2
Zof o8l AleAFH AN W s WA HEr o
2] ek wiAsl7] $18ke] oF 15g°] Kzl FA
¥ &~ =8 (Top trading., Korea) S 2,4-DNPH
7hERA] kel AHAtsle] AlaE HF 3o

AeAH F 24§15 24DNPHsE uk3-sted
§4% 7h2d-DNPH f-=4lo] HPLC SF2] o}
mpolEd e 2miy £ o Fske] o 132 Fel

g omA R e W E 5 A A7 715

DNPH =48 FZ&3glon] F202 145HA
Fznte a9 (HPLC)E o|4-38le] A3t}
A A2 AFHE F 7R WS Al AR
stodedl A wkAbgA AFH 7] (ASTMC, Astec,
Korea)E A}4-3}e] DuctelM o] #4533 FU3 &=
2 Flsteh AHE§E A= 110£5°CellA] F32-3]
(1~3A17h) Zz3ka G AA ool A27kA] Y 7ts}
o 0.1mg7kA| A &+s] A <153 o1 4] (glassfiber thim-
ble filter, Advantec. Toyo Roshi Kaisha, Ltd., Japan)ei]
Azt A=2AF F AFHH 3}AE 110+£5°C
2 03] (1~3417h) A zstar wlAAlolE] WellM A
27 Q7ste] FAE A AT $AHgo= Abg
sideh. = s Ak mAEAE d4Hos
=A% 4 gl= BakekakA] (Portable Aerosol Monitor
(Grimm 1.108, Grimm Aerosol Technik., Germany)=-
2851 om, 5435218 ¢J3l Isokinetic channel probe
(Grimm 1.152, Grimm Aerosol Technik., Germany)=-
AHgBte] A F Axeo] ATl o] &
dEAel v 2 Aelet Bk 4434 A
25 HH A
PAHs Al 841 3 850°CellA] 24]7F 7 A1
oME R BRAoz 27 3087} 287 AL B
%, 2% A=3k1 0001mg7hA) A2e) Al A5
o] (glass fiber thimble filter, Advantec. Toyo Roshi
Kaisha, Ltd., Japan) S AFg-3F1om, mjAH =] €] vix}
B4 A7)0 o3 o Ass AH s,
PAHs 245 ¢l 953 °{#]& Soxhlete] ¥
Hexane: obA| & &3H4H (9:1)4-45 150 mL ¥
% 398 AL HH2E2A(S9E HUlska 16
A7 E<t FZ319d) Soxhlet F&o] Fd FEA >
g AaFH71E o83t 2mLz F=38h Sodi-
um sulfate cartridges} hexane: oJ+| & &&-4u) (9:1)
4 6mLE o] &-3te] AABIS AAE Alae 1
s

UAE
3% 559 ARg PAHS ¥ EEE4 10018 3
7}3} % EPA TO-13A Methods} =] o) 7] $.32A)
A3 7] (ES 01552.1)¢] wiz} Agilent GC/MS (HP-
6890/HP-5973N) 2 o] g-8}e] 3-A 3}eic).

24984 FHAAE =Edz egEAd ddE
AR (Lkg), HIHA (Lm?)ol w2} W &A% A
A s} (Kim et al., 2005).
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3.1 =24 VOCs H{EEM

F T AgA =S g ez VOCs v &54
off #gF A7+ tfE VOCs A2 =7t opd
eb3}l4=4 (Total Hydro Carbon; THC)9] & &=
2 WA ] AA &g FHE AFEe] HRES
2283 9lek (Kim et al., 2006; Kwon et al., 2006;
Ministry of environment, 2004; Y 0o et al., 2004).

Kimet al. (2006)2] 7oA Frbstpae] 2%
W Z% w7} 37.5~247.7 ppmeg vrelykon, Kwon
etal. (2006)2] AAFoME= =AA ALl VOCs & &5
l, mp-Atdall, o =ulAle] 2HE wjEs=rt 27
9.02ppm, 1.61ppm, L.16 ppme. 2 e}t Yoo et al.
(2004)) AT = Fukstrse] HE W E5wst
124.9 ppmeoe.z velyte}l =3 Ministry of environ-

ment (2004)2] AFel A& A5AF HpegaAdS 3
=23, A, 3R er FREa 4 39
VOCs =% A3t 74 349 545 Aon
H, =g A A AMESe ok=2d el AddE, &
ZFol 9] VOCsE %35l 9lo] THC 57} 22~
66ppmez velton, F=FAeM: VOCs =
7} 4 59~ 170ppme = vehgt A= (F4) 34
2 =89} gREe] VOCs 249l 3AA2 &3ls)e]
2z go] dl= zegdolojr] VOCs %7} 150~400
pomez 74 ghe] wiEEE Aoz vhehton,
A= (F9) 342 VOCs =7} 100~300 ppmeo.=
ey,

% Aol =) WAAE Avkelq &
At =88 VOCs&5A4S AFnd, E5q A
3o Ao JA} 271,966 ug/m®, KA} 252,614 ug/m®, R
Ab 227,959ugim* e 24 71 wA S =3
I =2olA i Aol o, Aoz
o AREA E, B, zFdH, odulAll RS0
AEHlE B9k o} 22 FER WEEI Q] =
AN Fo wE Aoz Aotdn.

3437 VOCs?] 5w o|83te] AlzApd #H<l
EAMS-TF (1kg)Zt = Aol ulE VOCs®] wf &7
4 A A3 = 1o Jepioh

A2 AJE 1kgd wEH= T3 844718
3= (Total Volatile organic compound; TVOC):= JA},

Table 1. Emission factors of VOCs from the motor vehicle paint facility.

Emission factor (g/kg)

Emission factor (g/m?)

VOCs
J K R Avg. J K R Avg.

Acetone 0.56 0.56 0.56 0.31 0.29 0.28

| sopropylal cohol 164 3.16 159 0.90 1.63 0.80
Methylenechloride 0.71 0.57 4 0.39 0.29 2.02
tert-Butylmethyl ether 0.15 N.D 0.08 0.08 N.D 0.04

Benzene 0.10 N.D N.D 0.05 N.D N.D

Hexane N.D N.D 0.73 N.D N.D 0.37

Toluene 183.14 181.10 167.21 100.54 93.39 84.27
Methylisobutyl ketone 138.31 133.23 126.91 75.93 68.69 63.96
Ethylbenzene 52 6.46 6.98 2.85 3.33 352
m,p-Xylene 8.21 1.65 109 451 0.85 551

o-Xylene 4.29 4.67 5.24 235 241 2.64
4-Ethyltoluene 0.001 N.D N.D 0.0006 N.D N.D
1,3,5-Trimethylbenzene 0.0007 N.D N.D 0.0004 N.D N.D
1,2,4-Trimethylbenzene 0.01 N.D N.D 0.005 N.D N.D

TvOC 338.81 326.78 317.85 327.81 185.70 168.67 160.27 171.55

* N.D : Not Detected
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AER 2AAANA WA falH7] g B B AR

KAL, RAFIA 747+ 338.81¢, 326.78¢, 317.85g0 =2
viebst o, bl A AL KA RALelI A 242t 1857
g, 168679, 160.27g &5 Aoz et =8
3A1e] A$ TVOCE 4oz #ele 1kgd 327.81
guiEEr DHAT 171559 EH= e
ettt =8 33Xt =8 =F VOCs B4 F E7<l3
o] R AEe] tiiRelsled], 53] K ==
o] 7% slE 1kgd &7 183149, Wl o]k
A E 13831ge e wlEFgon wewzy E=
<l 100.54¢, g o] XA E 75.939% Wi EH = A
o2 et KARE RAR] =gelAM wiEE:s &
A =3 K} =29} 0|43 Ao s KA} £8o] A
2 v qle 1kge E91-2 181.10g, vle o] AR E A
£ 13323ge = uHEE]gjgu:] gAY EfglL
93.39g, e o] ARE A E-L- 686998 Ml EH = 7

2 el R/\} =8 556} e 1kgd &5l
167.21g, w| & ¢] Féﬂl 12691 g W&
o A %T < 84279, v e o] R A B2
63.960% MiEH= Aoz vehdd

[o

Q [‘—Q' );u
10 flo fo

3. Y FiHYSEE v

F Ao =AM AEE shdsiiEe)
ZEAS ARRd, K 289 A Mg 24 &
] ol E 5398 ugm*z elton, 1
Lo m nreladysle]= 3012 ug/me, £-29d) 5}
o]= 108.4 ug/m?®, Wl =<ddslo] = 58.25 ug/m*o =
yehdoh KA} £82] 9o oprE 8,697 ug/m’,
n-yeloty|sle] = 1852 ug/m?, T2 ste]= 76.0

ZE20) B A7 77

uglm3 m,p-EFgdste]= 3L5ugm® o2 e}
o] RA} =80 A% o4& 11,457 ug/m’,

-—r%%ﬁ] 3le]= 89.2 ug/m?, m,p-2dsle]|= 52.9
ug/m®, gl ste] = 44.0ugm’ =02 vhehideh

bR shE] Wi EEA L 34k =8 BF wE
TEdA v 7‘4017} ot HAHgez owli n-
Beotgsle| =, ZEotHsle|= RS A&
4 W Es s} %—fﬂl Helgton], =AM F2
& AEom goEoizith

F ATolN SAE 7fEdIEES] BEE ol
stod A zAPE S| QlE ARg-F (ko) wHslHA ol u}
£ JhdsghEe] wiEA S AR AAE = 20 o}
Rt

3o =8 BF uEEE F 7R &
° ugoz Yehdid sQE 1kgy wEHE &
7R 32 WF KAL RARIIA ZH2t 4.039, 6.47
g, 7.44go 2 Yephgon wejmAg Mf KA RAL
oA Z+7t 229,3.349, 3759 &= Aoz el
Wk 28 3AblA & sledsigtee PgHoew
FHJE 1kgd 5.98g &= Thejw A 3.109 vl
25 Aoz vehydo

7R AgAE =AAAAE Ao s 3 2 Jln
9313hEel Hat A7 gl Ao AkmEo] o]
Wk Al el A v wEAe o Hoew 3
Shich

3 3 T2Y o|MHX| iEEM
Aol mHRA WAEA AR 2 2HE

Table 2. Emission factors of carbonyl compounds from the motor vehicle paint facility.

Carbonyl compound

Emission factor (g/kg)

Emission factor (g/m?)

J K R Avg. J K R Avg.
Formaldehyde 0.07 0.05 0.03 0.04 0.03 0.02
Acetaldehyde 0.03 0.01 0.02 0.01 0.006 0.01
Acetone 3.63 6.24 7.25 1.99 321 3.65
Propional dehyde 0.02 0.005 N.D 0.009 0.002 N.D
n-Butylaldehyde 0.20 0.13 0.07 0.11 0.07 0.03
Benzaldehyde 0.04 N.D 0.003 0.02 N.D 0.002
iso-Valeraldehyde 0.01 N.D 0.005 0.007 N.D 0.002
Valeraldehyde 0.006 0.01 0.01 0.003 0.006 0.006
m,p-Tolualdehyde 0.01 0.02 0.04 0.006 0.01 0.02
Hexaldehyde 0.009 0.006 0.01 0.005 0.003 0.006
>_Carbonyl 4.03 6.47 7.44 5.98 22 334 3.75 3.10

* ND : Not Detected
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It =8o] Y Fx A3E ¥ A =8 BF
%1% (Total Suspended Particle; TSP) & PMype] <F
98%= WREE AX|FZ 9loem, PM, &= <
0.02%24 vi-¢- 27 vepgeh (& 3).
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Table 3. The concentrations of PM, 5, PM,,, TSP from the
motor vehicle paint facility. (Unit : mg/m?)

Size (um) J K R
PM, 5 0.1 0.08 0.08
PMy 522.1 465.2 443.1
TSP 532.9 470.8 449.8

Table 4. Size concentrations of particulate matters from
the motor vehicle paint facility measured by

portable dust monitor. (Unit : mg/m?)
Size(um) J K R Avg.
~1.00 67.53 51.68 37.06
1.00~1.30 17.51 15.47 10.17
1.30~1.60 32.83 26.42 17.80
1.60~2.00 88.34 65.41 44.90
2.00~2.50 317.99 206.48 145.97
2.50~3.00 412.58 272.38 193.91
3.00~3.50 410.57 306.93 215.23
3.50~4.00 366.68 301.13 205.59
4.00~5.00 593.55 560.59 375.21
5.00~6.50 255.50 307.67 197.35
6.50~7.50 44.54 69.04 41.83
7.50~8.50 89 16.12 9.33
8.50~10.0 4.17 6.19 331
10.0~ 21.89 10.94 4.34
TSP 2,642 2,216 1,502 2,120
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Fig. 2. Size distributions of particulate matters from the motor vehicle paint facility measured by portable dust monitor.
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Table 5. Emission factors of PM, s, PM,,, TSP from the motor vehicle paint facility.
- Emission factor (g/kg) Emission factor (g/m?)
J K R Avg. J K R Avg.
PM,5 0.07 0.06 0.06 0.063 0.04 0.03 0.03 0.033
PM 4 351.60 333.50 324.99 336.70 193.03 171.97 163.80 176.27
TSP 358.82 339.21 329.87 342.63 196.99 174.91 166.25 179.38
Table 6. Emission factors and TEQs of PAHs from the motor vehicle paint facility.
PAH Emission factor (mg/kg) Emission factor (mg/m?) TEE TEQ (ng-TEQ/m°)
s
J K R Avg. J K R Avg. (EPA) K R
Naphthalene 0.13 0.36 1.07 007 019 054 0.001 0.19 05 146
Acenaphthylene 0.14 035 053 0.008 018 027 0001 021 048 0.72
Acenaphthene 051 126 326 028 065 164 0001 076 175 444
Fluorene 0.19 0.5 178 0.11 0.26 0.9 0.001 0.28 0.7 243
Phenanthrene 0.62 125 312 034 064 157 0001 092 174 426
Anthracene 011 0.7 1.22 006 036 062 0.01 16 97 167
Fluoranthene 0.19 2.56 1.02 0.1 013 051 0001 028 036 139
Pyrene 0.16 027 04 009 014 02 0001 024 037 055
Benz[a]anthracene 0.12 005 061 007 003 031 0.1 18 7 83
Chrysene 0.05 001 012 0.03 0006 0.06 0.01 0.7 0.2 16
Benzo[b]fluoranhene 0.002 0.01 0.006 0.001 0.006 0.003 0.1 0 2 1
712-Dimethylbenz(a) 004 02 02 003 01 01 - - - -
anthracene
Benzo[a]pyrene 0.01 006  0.07 001 003 004 1 20 80 100
Benzo[€e]pyrene 0.007 0.06 0.05 0.01 0.03 0.02 - - - -
> PAHs 2.28 7.64 13.46 78 121 275 6.78 3.6 4318 1048 2176
RAfell 4] 006902 vl Z5|m, shelm e JA} 0.04g,  ® AR-So] F2ulE 24 ot o2 AJ¥Eo| )
KAkeh RAtellA] 0.03gez wiZse A& o 4 3l & 2e==z wEHT U2 & 5 dsle, o
Ak =8 BAIA] PMysts HaH oz slelE 1kg 3 AREe] =AM Fo PAHsuE Hro
T 0.063g wi&=H, e 003gMiEEE A 2 vehdoh
°o 2 Jehdoh g, PAHs 24 F kA Qs = SdolA F2
g Wl x[g s AR JFEEE K 0.02ugm?, K
3.4 T2 PAHs (A4 vjEEM A} 0.08ug/m?, RA} 0.10pg/m?4=0 2 vjehdoy.
@ AFelM =AM ZA 5 PAHS Wi 254 ZA3k PAHS?] F=5 o] &3le] AzAPd sdE
< Avum W 289 Fgels, ddEd 092 ASeF (ko) wHelRM) wE PAHs) W&
pg/m?, opAlukzel 0.76 pg/m®, EF23 0.28ugm’® & AAslglon, Wk $sl= SwelAe] BAHE
o2 MEHI YT KA =82] Aol ofdl S8 AlFpEPA e 54571 (Toxicity equl-
vzl 1.75ug/m?, el 1.74ug/m?, okEehAl  valency; TEQ) AFHPY (4] 3)ol) e Azt = 63}

0.97ug/m®, 294 0.7ug/m*<o]9l 3, RA} =829
Aol % £ES d2Aw KA 229} $418
Al olHu=Z el 4.44pgim?, HdED 4.26ug/md, Z2
2@ 243ug/m®, tEA 1.67pgmPEoz vyERG
o 37b =Rl tha Zol: glont HAdos
HFE, ol = HI, etE A,

v

=T
Ee

S
hyA Ej_

== Oa—]

=T 59, = —[—__:_.E}‘

Zro] A& 4 3)l9lvh (Ministry of Food and Drug Sa-
fety, 2010).

5457 (TEQ)

=7A2% % (ngm®) x SRS/ (TEF) (4] 3)

% PAHSE 34 =2 = ulgroz vEsglen]
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Table 7. VOCs, Cabonyl compound, PM,,, PAHs average emission factors from the motor vehicle paint facility.

Emission factor (g/kg) Emission factor (g/m?)
J K R Avg. J K R Avg.
VOCs 338.81 326.78 317.85 327.81 185.70 168.67 160.27 171.55
Carbonyl compound 4.03 6.47 7.44 5.98 22 334 3.75 3.10
PM 4 351.60 333.50 324.99 336.70 193.03 171.97 163.80 176.27
PAHs 0.00228 0.00764 0.01346 0.0078 0.00121 0.00275 0.00678 0.0036

HJE 1kgd "EHE F PAHs:= Kk KA R*Ml
A 247+ 2.28mg, 7.64mg, 13.46 mgo.2 viElEe
o) Ao AL KAL RAYA] 22t 1.21mg, 275mg,
6.78mg v &= oz vehdth =8 3AlelA F
PAHsE H7Ho= Qe 1kgd 7.8mg &=,
A 3.6mg i EE = Ho = el

=3t ﬂ*é%ﬂﬂ A Az}, KL KAL RALIA Z)
7+ 43.18 ng-TEQ/m®, 104.8 ng-TEQ/m®, 217.6 ng-
TEQmPe = Yepdon, wlz[dv)dle] 7$- M} K
A}, RAR A ZH2E 20 ng-TEQ/m?, 80 ng-TEQ/m?®, 100
ng-TEQm*e 2 7p4 HA4 o] &2 Bd= Yehgd.

£ 72 34} =8 (JA}, KAL RAPe w2 VOCs, 7}
B3R, v A, PAHSS] wi A4 AR A 3}
Boake veRl Zloz s9lE 1kgd VOCs, 7k
A3HEE, u|HHA], PAHsE: 747t 327.81¢, 5.98 g,
336.709, 0.0078go 2 et om, 2w At} VOCs,
Flndslahe, A w %], PAHs: 747}t 171.55¢, 3.10
g, 176.279, 0.0036 g 2.2 elytt} o] 2 B3l A=}
EAAANA F2 ujEEE 242 VOCse) mjA4
]o] o oE]— 2= g};}

Eﬂ/\]/‘étﬂ]/ﬂ VOCs, 7trd 235, A=A,
PAHs®] A2 AFste] £A3 A3} VOCset w
AR o] v EaFe] HRE-E xAERAL glon shR
H3HHET} PAHSE mlgfoz W& 1 gl &<l
& 5 et

oA e] AS 3A} == BF TSP Z PMye]

sF=u)) 7] 33 813 %] A 29U A 65

°F 98% o]} A3k glem Aﬁeﬂ
20 A= FAZANAME 40~ sou
AN 28 2% 257 /A =

SAA AN WA G ER
(1kg)=t iAol e Q= A xAHIAL KAL R
AHel HiF wjEASE AT A3 =8 3AlA
VOCs, 7} 231318, n|HHA], PAHs: HdA o=
slqlE 1kg 327.819, 5989, 336.70g, 0.0078 g wH
Z5v 99w Aw 171559, 3.109, 176.24 g, 0.0036
gulEEE oz ey

7R 2Asat =AA A i EE e 2984
EAdell #3 7 VOCs7h dj3itolglont £ o
T AFAE E8 7lRdEEE, vAgA], PAHsE =
AN W EH T 9SS FAF 5 Ut vt
A g Asak =GN i EEE L HEA
ds &dbqdez Aestr] f1siA VOCs 9] 7hHd
3}, niA|RIA], PAHS 53 22 HAPse] W &54
of #F A7t ed Aoz Atgdh

B ATE ALRARAAQAR AL A
HAPss} w4z 7 2] 54
ool elate] Salsigle.
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