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The Analysis on the VOC Contents of Paint Products on
the Domestic Market in Korea

Su-Yeon Jung, Ki-Hyun Kim, Kyounghee Kang!, Daigon Kim?, and Jihyung Hong'

Atmospheric Environment Laboratory, Department of Earth & Environmental Sciences, Sgong University
!National Ingtitute of Environmental Research

The emission of VOC from paint products constitutes a significant fraction of their emissions into the air
(e.g., approximately 78% in the case of Korea). In this study, we attempted to investigate the major individual
VOC components of paint products (e.g., out of 37 target compounds) using GC/FID method. Based on the
analysis of 31 paint products currently available on the market, two types of TVOC were measured aong with
individual components. TVOC was measured as the paint plus thinner (TVOC(T)) and paint only (TVOC(P)).
These TVOC concept was compared against the sum of individua VOC (such as £V OC). The concentrations
of TVOC(T) and 2V OC ranged between approximately 500~700 and 400~600 g L%, respectively. Our results
indicated that quantifiable VOC mainly consisted of toluene, ethylbenzene, and xylene. It was aso found that
15 out of 31 paint products had the VOC contents exceeding the regulation limits. Moreover, the major frac-
tions of TVOC in paint products were dominated by unidentified components. To reduce emission of VOC
effectively, it is important to acquire a better knowledge on paint solvents through extended studies.

Key words: Paint solvents, VOC, TVOC, regulation

). d2 Eo, SO, co 13 7 =
47 ZolmE 2AE B, NO, O, 5 L
27 eABAEL WZ STk AWE welw 9

B 'gJ)r 7o AR )
Fikd °P7ﬂ et A3=2 oA
TEALS SEiME 3
718F5&-(Volatile Orgamc Compounds) 53
o] AiAkstE wkEEte] 0,9 Aol AFH o=
oake =4l gk A7t st

EUY ml= & A7 &=¢] 739, oFke] Aole 9l

"To whom correspondence should be addressed.
E-mail: khkim@sejong.ac.kr

SO, dukd o2 VOCE 7] 5 AstEy) 33}

& Yosle AR Felstn Y. olee
, Bl 7R 7] F
20 EHAE mdith o &
2 AA7E B4 8BS AU|E i, o F 3
OF A ANEAR FAEs|e A, Syl
Ae AEE A Al 2004-141(2004.9.18)55 F3l,
3782 VOCE At E FA8kaL Sltt.

VOCe] <1917 &2 F7]18A12t Avke =A1A,
APgAE, AlEAA, 71er vﬂﬁxﬂ ARE, Al =&
2 A o7 g wY R oh;]_ o]
T EAA ol A vﬂﬂxﬂ AME-2l 73%E 2
32 A, E3], Clean Air Policy Support System
(CAPSS)2] HiZ&3F =&l 2lshd, 199995 20024

[€)
VOCE 9urdoz Ahe

2
i
LA
e r
‘

[0
*
—1>



=4 % #HRJIE AF F F4 VO

A AN HlEEE VOC] oF 4297} 4
Aofol 213k Aolek. oA =ATY F VOC &
2e] Fa4E 7RI, ofn] tire] Sl o|5e]
MES Wow FAsk AT, o)RE A A
AR §718719] VOC B43S 29 Wlke A%

155

@)
2
¥
e
e}

AL
F
[t
£
2
-+

S 53, ‘=89 3k VOC 712 20053 7
e AElsiar ok 28]a 200795 E £ o As)
H 715 485 HAh 2 Aelxes dA Als
o fife T tet 850 E8AFES FgH3le] Gas
Chromatography(GC)2] &%2¢|-23}4%7](Flame Ioni-

71 el 714

Ve o] A= AlEE

zation Detector: FID)Z AR&s] 7l VOC A& tf

o oleld e qetsled, BATINE FEA 58 @ 24S st oJeld BANEE 2R 8 F

Table 1. A Category of paint products and their VOC content limit (g L™: in Table 8 of the Special Measures for
Metropolitan Air Quality Improvement in Korea)?.

L.arge. Mefdjun.l Small classification VOC content limit Number of Thinner
classification classification values (after Jan. 2007) products
water-based flat coatings 65
water-based nonflat coationgs 100 1
water-based primer 40
Concrete water-based putty 40 1
Cement oil-based exterior (other than fluorine) 500 1 0}
Mortar oil-based exterior (including fluorine) 530
oil-based interior 500 2 0
oil-based primer 550
oil-based putty 100 (0]
finishing coats (other than lacquer) 530 2 0]
Coating of finishing coats (including lacquer) 650 1 (0]
Metal rust preventative coatings (other than 500
Parts and lacquer)
Con'struc- Products rust preventative coatings (including 650
tion lacquer)
paint undercoat (other than lacquer) 530
Wood undercoat (including lacquer) 650
Products topcoat (other than lacquer) 530 1 0}
Coatings topcoat (including Lacquer) 650 2 0}
stains 630 2
Waterproofin ~ oil-based topcoat 530 1 0
g oil-based sanding sealers 150
Floor oil-based primer 600 2 0]
coatings water-based 40
Home use water-based 65 1
oil-hased 400 2 (0]
Specialty water-repellent 780 2
coatings multi-color coatings 300 2
pretreatment wash primers 780
. primers/surfaces 530 1 0]
Vehicle .
refinishing single 580 1
products basecoat 620 1 0
topcoat 620
specialty coatings 840 1
Traffic Marking Coatings 450 2 0
Total 31
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Table 2. A List of regulated VOC by the Korean Ministry
of Environment Notification (No. 2004-141)®.

No. Name of compounds Molecular formula

1 Acetaldehyde C,H,O0[CH;CHO]

2 Acetylene C,H,

3 Acetylene Dichloride C,H,Cy,

4 Acrolein C;H,0

5 Acrylonitrile C;HsN

6" Benzene CeHs

7 1,3-Butadiene CHg

8 Butane CH,

9 1-Butene, 2-Butene = C,Hg[CH,CH,CHCH,)],
CHg[CH,(CH),CH,]

10 Carbon Tetrachloride CCl,

11" Chloroform CHCl,

12 Cyclohexane CH,yy

13 1,2-Dichloroethane C,H,CL[CI(CH,), Cl]

14 Diethylamine CH,;NI[(C,H;),NH]

15 Dimethylamine C,H;N

16 Ethylene C,H,

17 Formaldehyde CH,0[HCHO]

18" n-Hexane CeHyy

19" Isopropyl Alcohol C;HgO[(CH;)CHOHCH;,]

20 Methanol CH,O[CH,0H]

21" Methyl Ethyl Ketone C,HiO[CH,COCH,CH,]

*

22" Methylene Chloride CH,Cl,

gz Methyl Tertiary Butyl ¢ 41 oycp.00(CH,),CH,]
Ether

24 Propylene C;H,

25 Propylene Oxide C;H:0

26" 1,1,1-Trichloroethane ~ C,H,Cl,

27" Trichloroethylene C,HCl,

28 Gasoline -

29 Naphtha -

30 Crude Oil -

31 Acetic Acid C,H,0,

32" Ethylbenzene CgHy,

33 Nitrobenzene C¢H;NO,

34" Toluene CHy

35" Tetrachloroethylene  C,Cl,

36" Xylene CsHy

37 Styrene CgHg

*A list of target compounds investigated in this study
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IPA = 0.16 ng, M.C. = 0.78 ng,

n-Hexane = 0.14 ng, MEK = 0.20 ng,
Chloroform = 1.63 ng, 1,1,1-TCE = 0.88 ng,
Benzene = 0.14 ng, TCE = 0.86 ng,
Toluene = 0.16 ng,

Tetrachlroethylene = 1.26 ng,

Ethylbenzene = 0.17 ng, P-xylene = 0.17 ng,
O-xylene = 0.06 ng.
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Fig. 1. Comparison of VOC content in paint products in terms of TVOC(T) and X VOC.
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Fig. 2. The excess ratio of TVOC(T) in reference to the regulation limits



Table 3. The contents

of VOC determined from paint products investigated in this study criterion.

specific gravity

non-volatile
(%)

water
(%)

Sum Quantity (g L™)

TVOC (p)

TVOC (T)

2VOC

A. High classification

Construction paint

1.094+0.19 (1.09) ¥

41.7+21.2 (46.9)

10.1£20.5 (0.13)

499238 (549)

532245 (589)

315210 (397)

N=25 0.79~1.51 M 3.14~80 0~76.7 5.28~841 5.28~841 15.9~609
Vehicle refinishing 1.20£0.27 (1.14) 53.5+24.7 (54.3) 0.20+0.11 (0.21) 554 +252 (576) 560+ 252 (593) 3524191 (330)
N=4 0.97~1.55 23.8~81.7 0.07~0.34 230~836 230~824 117~569
Traffic Marking 1.4240.01 (1.42) 65.3+1.41 (65.3) 0.07£0.09 (0.07) 495+9.05 (495) 549+2.57 (549) 4544218 (454)
N=2 1.41~1.42 64.3~66.3 0~0.13 489~502 547~551 300~608
B. Middle classification (Construction paint)
ConcreteCement
Mortar 1.27+0.19 (1.20) 60+13.4 (52.9) 9.76+17.3 (0.11) 3644235 (461) 3994260 (519) 448492 (476)
N=6 1.09~1.51 49.3~80 0.06~42.7 68~567 68~623 319~522

Coating of Metal
Parts and Products

1.09£0.06 (1.10)

51.7+17.8 (53.3)

0.19+0.22 (0.14)

560 +221 (523)

602207 (559)

255+309 (119)

N=3 1.03~1.15 33.2~68.7 0~0.44 358~797 419~827 38~609
Wood Products
Coatings 1+£0.14 (1.01) 31+16.6 (33.8) 0.27£0.21 (0.29) 6791106 (670) 708 116 (763) 377+214 (409)
N=5 0.85~1.18 3.27~46.9 0.03~0.55 580~841 530~841 16~563
Waterproofing
Floor coatings 1.04£0.10 (1.00) 46.6 £16.9 (37.6) 0.09£0.1 (0.06) 548 +133 (613) 607+124 (657) 494+73.6 (501)
N=3 0.96~1.15 36.1~66 0.01~0.2 395~636 466~699 418~564
Home use 1.12+0.22 (1.08) 53.6 £3.56 (54.7) 16.8+28.8 (1.11) 301260 (400) 359309 (490) 56 +26.1 (56)
N=3 0.92~1.35 49.6~56.4 0.1~50.1 5.28~497 5.28~581 37.5~74.5
Specialty coatings 0.99+0.23 (1.00) 14.1+9.1 (17.3) 28.4+31.8 (26.5) 5321296 (659) 5321296 (659) 177+£108 (150)
N=5 0.79~1.36 3.14~25 0~76.7 60.2~765 60.2~765 55.4~413

a] Mean£SD (Med)); b] Min~Max

091



Table 3. Continued

C. Low classification

e e . . non-volatile water Sum Quantity (g L)
classification small classification specific gravity %) %) TVOC @) TVOC (T) SVOC
[1] Construction paint - singular (N=1) and plural (N=2) classification
. .. +
oil-based interior l%f 1_5());]0 7 51.7+3.41 (51.7) 0.09£0.05 (0.09) 558+12.9 (558) 606+23.4 (606) 476+38.3 (476)
N=2 1.10~1.20 ™ 49.3~54.1 0.06~0.13 549~567 590~623 449~503
water-based nonflat 1.2 50.9 42.7 775 775 not detected
Concrete N=1 - - - - - -
Cement water-based putty 15 80.0 15.5 67.5 67.5 not detected
Mortar N=1 - - - - R -
N=6 oil-based exterior
(other than fluorine) 1.1 51.7 0.1 534 589 522
N=1 - - - - . -
oil-based putty 1.50 74.1 0.10 387 448 319
N=1 - - - - . -
finishing coats 1134004 (L13) 61.0+10.9 (610) 0.07+0.10 (0.07) 441+117 (441) 489+99.6 (489)  78.6=57.0 (79
Coating of (other than lacquer) 13+0.04 (1.13) 0+10.9 (61.0) 0.07+0.10 (0.07) 1+117 (441) +99.6 (489) 78.6+57.0 (79)
Metal Parts N=2 1.10~1.15 53.3~68.7 0~0.14 358~523 419~559 38.2~119
and Products finishing coats
N=3 (including lacquer) 1.03 33.2 0.44 797 827 609
N=1 , ; _ _ _ -
topeoat 1.0640.06 (1.06) 403+9.29 (4 48+ 48)  625+640 (62 14130 (671)  459+71.0 (4
(including Lacquer) .06+0.06 (1.06) 40.3+9.29 (40.3) 0.48+0.09 (0.48) 625+64.0 (625) 671+130 (671) 59+71.0 (459)
N=2 1.01~1.10 33.8~46.9 0.41~0.55 580~670 580~763 409~509
Wood Products . 17.6+20.24
Coatings stains 0.86+0.01 (0.86) 176) 0.06+£0.05 (0.06) 716176 (716) 716176 (716)  290+387 (290)
N=5 N=2 0.85~0.87 3.27~31.9 0.03~0.10 592~841 592~841 15.9~563
topcoat
(other than lacquer) 1.18 39.2 0.29 714 766 385
N=1 _ _ _ _ _ -

J0A B £ &l abls &4 the

191



Table 3. Continued

non-volatile water

Sum Quantity (g L™

classification small classification specific gravity %) %) TVOC () TVOC (D) VOC
Waterproofing oil-based primer 0.98+£0.03 (0.98) 36.8+1.04 (36.8) 0.03+0.04 (0.03) 625+16.2 (625) 678+£29.9 (678) 533+44.8 (533)
. N=2 0.96~1.00 36.1~-37.6 0.01~0.06 613~636 657~699 501~564
Floor coatings -
N=3 oil-based topcoat 1.15 66.0 0.20 395 466 418
N=1 - - - - - -
oil-based 1.00£0.11 (1.00) 55.6+1.17 (65.6) 0.10+0 (0.10) 4481+68.3 (448) 535+64.0 (535) 56+26.1 (56.0)
Home use N=2 0.92~1.08 54.7~56.4 0.10~0.11 400~497 490~581 375~74.5
N=3 water-based 1.35 49.6 50.1 5.28 5.28 not detected
N=1 - - - - - -
multi-color coatings 1.12+0.21 (1.00) 20.4+4.09 (18.8) 47.3+26.2 (38.7) 3824302 (425)  382+302 (425) 235179 (237)
Specialty coatings N=3 1.00~1.36 17.3~25.0 26.5~76.7 60.2~659 60.2~659 55.4~413
N=5 water-repellent 0.80+£0.01 (0.80) 4.77+2.31 (4.77) 0.01£0.01 (0.01) 757+11.7 (757) 757+11.7 (757) 89.9+26.3 (89.9)
N=2 0.79~0.80 3.14~6.40 0.00~0.02 748~765 749~765 71.2~108
[2] Vehicle refinishing products
primers/surfaces 1.55 63.1 0.07 626 661 569
N=1 - - - - - -
single 0.97 45.6 0.34 525 525 177
N=4 N=1 _ _ _ _ _ _
basecoat 1.00 23.8 0.18 836 824 454
N=1 - - - - - -
Specialty coatings 1.27 81.7 0.24 230 230 207
N=1 - - - - - -

[3] Traffic Marking Coatings

N=2

1.42£0.01 (1.42)
1.41~1.42

65.31+1.41 (65.3)
64.3~66.3

0.07+0.09 (0.07)
0~0.13

495+9.05 (495)
489~502

549+2.57 (549)
547~551

420170 (420)
300~540

a] Mean+SD (Med)); b] Min~Max
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3.2 GCFIDEME St /HHEM RS &4 Z H
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[A] Construction
a. individual VOC component in TVOC(T) (g L™
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b. individual VOC contents ratio in TVOC(T) (%)
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[B] Vehicular refinishing and Traffic Marking Coatings
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Fig. 3. The extent of individual VOC component in TVOC(T) for of each paint product (Tol=Toluene, EB=Ethylbenzene,
p-X=p-Xylene, 0-X=0-Xylene, [PA=Isopropyl alcohol, and MEK=Methyl Ethyl Ketone)
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Fig. 4. The ratio between XVOC and TVOC(T).
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[A] TVOC(P) vs TVOC(T)
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Fig. 5. Relationship between different terms: TVOC(T) (=paint + thinner), TVOC(P) (=paint only), and £VOC.
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