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Exposure Assessment of Solvents and Toluene Diisocyanates among
Polyurethane Waterproofing Workers in the Construction industry
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ABSTRACT

Objectives: The objective of this study was to evaluate volatile organic compounds (VOCs) and toluene
diisocyanates (TDls) exposure among polyurethane waterproofing workers in the construction industry.
Methods: Task—based personal air samplings were carried out at seven construction sites using organic vapor
monitor for VOCs (n=88) and glass fiber filters coated with 1-(2-pyridyl)piperazine(1-2PP) for TDIs (n=81). The
concentration of VOCs and TDIs were shown for four different work types(mixing paint, primer roller painting,
urethane resin spread painting, painter assistant) at five different worksites (rooftop, ground parking lot, piloti,
bathroom, and swimming pool). The two TDI sampling methods (filter vs impinger) were evaluated in parallel to
compare the concentrations.

Results: The geometric mean(GM) concentration of VOCs Exposure Index (El) was highest for primer roller
painting (1.4), followed in order by, urethane resin spread painting (0.85), mixing paint (0.53), and painter
assistant (0.35) by work types . The GM of VOCs El was highest for bathroom (1.4) followed in order by,
swimming pool (0.85), piloti (0.89), ground parking lot (0.82) and rooftop (0.57) by worksites. The GM of
2,4-/2,6-TDI concentration was 0.052 ppb and 0.432 ppb each. There was no statistical difference in TDls
concentrations among worksites. The concentration of 2,6-TDI was ten times higher than that of 2,4-TDI. The
concentration of 2,6-TDI by impinger method was 5.7 times higher than that by filter method.

Conclusions: In this study, we found 38.6% of the VOCs samples exceeded the occupational exposure limits
and 19.8% of the 2,6-TDI samples exceeded 1 ppb among polyurethane waterproofing workers. The most
important determinants that increase the concentration of VOCs and TDIs was indoor environment and primer
painting work.

Key words: construction workers, polyurethane waterproofing, Toluene diisocyanates(TDls), Volatile organic

compounds(VOCs)
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L ==
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7 IEAEA)0] 17}t 22 BS dAE I
gt ks PA4ol= THoltHToutanji et al,
2013). Z=]9-der2 oy Fof gt y4gdo] £
I, Zukel 9 Zpddo] =3t £E4Jo] Urk(Seo et
al., 2008). & Ea2t 14GY} 29 TR d &
=, 1982 A3A7E vlg] gEgEo] Qlof, 3144
o o] =X3F T Ad ARHAAN e FATH=
v, 24g 2 FAe HSHAIE @A wEkete] st

-3-2 B0l wiEA FAA kS 4ot W
of giREe] I AA@GoA = ASHAIT o] HE

(Kim, 2014). oet, 293 =29 HoHA= AME«=
o|&AloH[o]EZ} mIRkgEo] Wit 9 =3 ZHQ] F &
AAPA =22 5 Sl F87F AUtk o]AAopo|E
= ¥R&Ado] me & AREAEERE -NCO719] <o u}
2} X -o|AA[old|o] E(monoisocyanates, one NCO),
tjo|AAloldlo] E(diisocyanates, two NCO) X &
o]AAJotd|o| E(polyisocyanates, multi NCO)Z -
£ 5 =], E9EEE FAg5] A vREollA
L o] AAolo]EZ} AREEHBello et al., 2004).
o|aAJo|o|Ex= 357] ¥ T Fo] TR sensitization)
= 4071, AP HAlS Fdoks t7dl] =42
(Stocks et al., 2015), &3] ¥ HFZAE HAS
L595t= Aoz LA tHLemiere et al., 2002).
E53], 529l to]AAlot|o]E(Toluene Diisocyanate,
TDD+= ¥h87/30] 55kl 7H4o] AHsto] g2 AR
Ei=d), FAIIAANInternational Agency for Research
on Cancer, JARC)OIA st &t 7Fs E2(Group
2B, IARC, 1999)2% ¥&A qlo] AFEATA &
HollA w2 F4E 7hAoF k= EZo|tHJeong et
al., 2012). &t =Hlof] Hald o]iAJopdlo]E #d
=2 UEE 2AEHY 3" A (lee et al,
1994; Byun et al., 1996; Kang & Kim, 1999; Lee
et al., 2001; Yun et al., 2006, Kim et al., 2013;
Park et al., 2013)7} 7} W9f1, &= = giARAE A
F(Park et al., 2002; Park et al., 2003; Lee et al.,
2016) 5°] A 37 F 27T g &
A zHAlof] WE to]AAloR|o]E BH7HJeong et al.,
2012), 7t 71, 71A71+ & =8 &Y 371 5
TDI H7KKim et al., 2009; Park et al., 2002; Lee
et al., 2000) 5°| AUt =] AFZE= AEAF =g
(Woskie et al., 2004; Liu et al., 2009; Whitaker
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et al., 2012), &37|(Bennett et al., 2016) =& =
oA o]AAloRo|ERTL HrIE I ou, ALET 2
g Rl =2 r Hiles Qoo

ESH e Aol s e A d AFIHA)
£ &9 E= EAAPlE WiAER Ot 5718AF
(solvent)7} AMEElE=H], AR AHEAA E3total,
A Txsl= Ao A F T UIEEE
(Volatile Organic Compounds, VOCs)ol| I5E=
&% 7FsAo] Atk VOCse= Ti, o), A% 4 F3
A ZAolE gk AR dEA (Winder &
Turner, 1992), £3] A4A 54 IdF2 2350 =
ZrdAe] wiwgt ol mjm e fdstA = of
OLAALLZ o]ojd B E JtHWolfford. 1996). 71
59t A5} $8(Keer et al., 2018), £44(Ahn et
al., 2019; Chang et al., 2002). &FA(Qian et al.,
2010; Riala et al., 1984) 59 =A42FAA ol Higt =
SH7PF EaE vp dlou, AdEd e At
A 5 ZAAF 4 ZAGU8ol @E VOCs =EH7F |
= gl olfl Ao e AAY e By
A1) VOCs ¥ 2,4-/2,6-TDI & s® 52 mels
of A ZL=EA9 A A% IR AR T
78 9 AAg AR A2 2 g-8otaiAt gt

II. CHe S e

1. ALCH4

olmE AEdA 77049 4 (rooftop), k¥ FAb
Zground parking lot), @2 E]|(piloti) W+, ATt
S A (bathroom) ¥ A5} $GZH(swimming pool) B}
g e HeAels At e R st B7F A
T2 WHHmixing paint), Z&°]W ZZ(primer
roller painting), $-#¥ 44 E*(urethane resin

Mo 4

spread painting), =% HX(painter assistant), &t
g AGA E(area) 2 Wrol B7I6Ilh " &
s moton EX 4 et X ERO| SAR
o|FojX|=H| Zelo|r L= Hieao] H2HEE =]
7] 8l 7P A Exshs EuE S50, A, 9
HogAE, AgwAl 5 |AFE 2F 50~60%, EF<
2,4/2,6-tjo]2AJoHHo|EE <F 10~20% -5kl 9l
A3 EH(roller)E ol-&sto] ZAstAuct. gt 4]

= FAL AAIE &6t ARgsk=Tl, &4,
A4, ofgdldl 5 EAFIE 2F 30~35%, &<l

=

off

T
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2,4/2,6-Ho|2AJoIH|o|EZ}F OF 10~30%, E&|Z=d
AZ2E, s, 7RERAHE) 5ol AlEol w=t
ThFst JRo g gEo] U 1R FEjO] Ay
H(spreader)E ol-&sto] st ofgt =59 -
E Folle IAuIERE IR = FEI} wot
AR HFEro FA4ES EASHA] ottt

2. AMEMF L 2N

A@AFE 20149 59~79(0AD) 2 20184 49~
6EQAhel & A AAE A 1%} F7lo A& VOCs
of thgt H7Igk o]FojH L, 22 BF7olAE VOCset
2,4-/2,6-TDI°| thalAx XPstAct. A5 H e =3
Zjo] APE= A7HsQH AAISHAY, AL5Edo] A
Y= FS 6A1ZE ol HHE AAIEIATE AARE A
AAF HFLHO R ZshHA, R TDI AlEE AY
ANa AFdEes e (filter)2t HAZY(impinger)
S B9 Wrlete] & B7RIETY B £ES |
Wttt HridA dAE EGA17], FEF B4, Al
SR 5 Table 13} 2t}

1) 371 & 3L R7IERE

54X E2457](Organic Vapor Monitor; 3M
3500, Canada)E AR&sto] A5 AFstaL, 7tAd
ZotE 1 9(Gas Chromatography, GC 6890 &
78904, Agilent Tech, USA)Q] EZo|23slH<7]
(Flame Ilonization Detector) ¥ ZZHEA7](Mass
Spectrometer Detector)g ARgsto] A5t &
AR Table 29t Aot B4 tiELS F544
FAF7] AR oRE 24 7het 43 59| 4

Table 1. Target monitoring workplace

AES st ol E(acetone), HENE A E(methyl
ethyl ketone), ZAF ofE(ethyl acetate), =USNAF
(n-hexane), EZEZZo|Ed(trichloroethylene),
HAl(benzene), HWEo|AREAE(methyl isobuthyl
ketone), ZAF o]ARE(isobutyl acetate), &9l
(toluene), ZAF BE(n-butyl acetate), HEZZE
d(perchloroethylene), olgdlZ| L - HEHoH =
otAE|o]E(ethylene glycol methyl ether acetate),
ojguldl(ethyl benzene), AL (xylene), AEH
(stylene)Q] 15714 &4 disto] B4 AAJsIT
ZF VOCs9| E3=4371= fsto] Ad&4 72 =249
TEE LEVIECE URo| et E=EAS
(Exposure Index, EDE AF&Esto] (Equation-1)T} H]
wstlom, o] X7t 1S 23st= 4%, VOCs 5%
7} 7122 235k Ao=E Hrelltt

c C c
! 2 .. (Equation -1)

E1="opr, Y orr, Tt oEL

o714 Ce 7 #7IgRtE 4d®e 3744 OEL
(Occupational Exposure Limits)< Z} 7|58H=2]
L271&S ougitt

2) 87| & 2,4-/2,6-C|0|AA|OIH|0|E
(1) 7HAAZE AF(OSHA-ID 42) =4 ¢ 24
A= AFE ARt 34 A +42 OSHA-ID 42
(OSHA, 1983)°] wet AAISHt. A3 A= 1.2PP
(1-(2-pryridyl) piperazine) 0.1 mge] THE 34
BT (37 m, SKC Inc., USAE 7IHE 7HHE

Sampling  Sampling Sample - Tempe Humidity Samplling Wgrk Average Worksite Average , Paint
Workplace oriod davs numbers rature (%) location  environ sampling area () usage of kg/m brand
P ¥S (workers)  (C) ° (worksite)  ment time (min) paint (kg)

A May, 2014 2 days 5 27~30 25~30 Rooftop  Outdoor 360 590 1100 1.86 KL

B May, 2014 1 day 10 2730 4048 O 5idoor 120 600 1320 220 SC
parking lot

C  May, 2014 1 day 10 21~25 80~89 SW'F;*;Q'”Q Indoor 186 400 1000 250 BK

D April, 2018 2 days 10 17~22  40~63 Rooftop  Outdoor 201 495 1500 3.03 NR

E May, 2018 4 days 27 14~22  45~53 Rooftop  Outdoor 212 495 1200 242 KC

F May, 2018 2 days 8 21~23  40~50  Bathroom  Indoor 283 34 84 247 NR

G May, 2018 2 days 12  22-24 70~80 Piloti ﬁ%@(‘)—r 407 247 800 324 JS

Ground

H June, 2018 1 days 6 25~26  45~50 ; Outdoor 445 396 1100 278 NR

parking lot

www. kiha.kr
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Table 2. Analytical instrument and conditions for volitile compounds

Classification First measurement Second measurement
Instrument GC 6890 GC 7890A
(Agilent Technologies, USA) (Agilent Technologies, USA)
Detector | Flame lonization Detector (FID) Mass Spectrometer Detector(MSD)

; Agilent 5975C inert XL with Triple-Axis Detector

Inlet 200°C, Column flow: 1 md/min

270°C, Column flow: 1 md/min

40°C (5 min)
Oven 10°C/min to 130C (1 min)

Analytical 20°C/min to 230°C for (7 min)

40C (5 min)
8°C/min to 250C (10 min)

condition Temperature: 230°C

H2 Flow: 40 mg/min
Air Flow: 450 mQ/min
Make up Flow(Ng): 29 md/min

Detector

Column

DB-624 (60 m x 0.25 mm x 1.4 um)
DB-WAX (30 m x 0.25 mm x 1.0 um)

HP-5MS (30 m x 0.25 mm x 0.25 um)

Table 3. Analytical instrument and conditions for isocyanates

Analysis device Acquity UPLC H-Class(Waters)
Mobile phase 0.01_ M ammonium acetate in 37.5/62.5 ACN/water(v/v) adjusted to pH 6.2 with
acetic acid
) Flow rate 0.4 ml/min
Analysis
condition Fluorescence dete_rctor
Detector - 240 nm excitation
- 370 nm emission
Column BEH C18 (2.1x100mm, 1.7um)

(open-face cassette)oll A&Fslal IG5 A|mA]FH7]
(Bscort Elf Sampling pump; MSA, USA)E Ar&5}o]
S ZF 2 L/minC 2 AAsto] AfFHstart. AFE
NEE 7HE g o ggoare Agsie A
AAE ety Y Hasiqith. @ SAE U AE
A FAEE A5t B Al AEAFH 7=
SFRA7|(Dry cal, Defender 520-M; Mesalabs,
USAYE AR&st] A4 A, T B A5
ot Al7o] B4 g4HE7](fluorescene detector)
7h AR 1A I =2rE T (HPLC, Acquity
UPLC H-Class; Waters USA)E ARE5IITt AFASH
EAZAL Table 33 2t}

(2) AFGAFE HHNIOSH #5522) =74 - 24

AAAm RFHE A 34 2 B4 NIOSH #
5522(NIOSH, 1998)°ll wet AAISHH. A eiAl=
25 ml Y¥A(impinger)°ll T5HOE Tryptamine/
DMSO(Demethyl Sulfoxide)E 20 ml FYsIAL,
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I9F AEAFH7|(Escort Elf Sampling pump;
MSA, USA)E AR&ste] 92 2 1.2~1.5 L/min® &
AXsto] AfHstt AlE= WLOZHE XHsio]
AR Rtela Wt Hasioinh @ SAlE 9 A
A4 FAEE BA5H FAIEC] g S AA|sH
Aot NEAF7IE FHEA7|(Dry cal, Defender
520-M; MesaLabs, USA)E ARgslto] Al A, &
o HAS AAlIRtE 242 F3HE7I7 AR 1A
SA I 2ukE T = (HPLC, Acquity UPLC H-Class:
Waters USA)E ARESIHLE. AAASE 24242 Table
33t

3. A= EN

S == A48 A78(Shapiro-Wilk test)S AAI
St} B EAS AFEcon ENEH uEt Y4t
X = Qg EEE 024 e HrhaEe] &
Astact. ok, A=) FEj7F iRz 7,
271 Wk § BEAREA(ANOVA) 9 T-HA(T-test)
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< B9 28 Bds=S v|aetylal, viESs A
HQl Kruskal-Wallis rank testS ¥ d4slo] o]
HHEQ}.

= AL PASW version 18.0(SPSS Ins,
Chicago, IL, USA)Z} Sigma Plot version 14.0(Systat
Software Inc.;San jose, CA, USA)}S ©|-&35}3t}.

58 HAZke A arithmetic mean, AM), E
ZH2Kstandard deviation, SD), 7158 Hgeometric .
mean, GM), 7|s13EEHXgeometric standard deviation,
GSD), -H4(median) 2= Fsto] FEO= AAst 1. 219d |7IeteE =87 2t
SAcHAppendix 1-6). AETH P9I A8+ AETHA9 Selet ah ezkeioll A AF ek F 887 VOCs Al
1282 "kl 27 351928 (Cohen, 1961; 79| B4 A3Table 4, Appendix 1-3), EF<l, =}
Hornung & Reed, 1990), A= E4& 9t SAAE A, HEEAE, oEHldl, 2AE, ZAHEE &

2 1

Table 4. Geometric mean(GM) and geometric standard deviation(GSD) of VOCs concentration by worksite, work type and work
environment

Classification n (ESXI E(EZtire Exigg;ire Meetmlyl a(lzzé?;/tle Toluene naczltjgtz ! beEr;t?grl]e Xylene
. Korea  (ACGIH  ketones (opm) (ppm) (opm) (opm) (ppm)
OEL") TLVT) (ppm) ppm pp pp
OEL (S. Korea) p ; 200 400 50 150 700 700
OFL (ACGIH) 200 400 20 50 20 700
Total 078253 1.842.6) 0.18B.61) 1.234.07) 1872(4.44) 0.932.74) 2.92(3.86) 827(3.58)
Worksite
Rooftop 42 057(2.89) 1.38(3.03) 0.13(2.22) 0.78(3.22) 10.11(5.91) 0.78(2.18) 2.21(4.05) 5.37(3.44)
Ground floor 16 0.82(1.62) 1.98(1.63) 0.2(3.52) 0.88(2.92) 26.08(2.06) 0.97(2.39) 3.95(3.8) 9.56(3.53)
Piloti floor 12 0.89(1.48) 2.15(1.47) ( LOD® 7.66(3.17) 33.72(1.51) ( LOD  5.6(1.58) 11.06(1.72)
Bathroom floor 8 1.4(1.82) 2.85(1.98) ( LOD 1.24(3.83) 28.25(2.05) 7.16(3.95) 9.94(2.97) 53.55(2.14)
Swimming pool 10 1.37(2.96) 3.12(3.22) 2.04(5.02) 1.56(4.35) 52.08(3.9) ( LOD 0.99(2.59) 6.36(2.89)
ANOVA analysis o005  p=0059 pQ.007 pQ.001  p@.00T  p@.00T p.001  p0.007
Kruskal-Wallis rank test 005  p=0.142 p0.001 p0.007 p=0058 p.001  p0.07 0¢0.007
Work type
Primer roller painting 17 1.2(2.89) 3.18(2.63) 0.84(7.21) 2.3(4.52) 26.46(7.39) 0.6(1) 2.09(6.46) 5.26(3.69)
Mixing paint 10 0.53(3.35) 1.12(3.68) 0.1(1) 0.75(2.35) 11.96(5.91) 1.07(2.98) 1.62(2.38) 7.47(3.53)
Urethane resin spreader painting 34 0.85(2.05) 1.96(2.26) 0.16(2.5) 0.9(4.31) 26.49(3.16) 0.89(2.75) 2.7(3.13) 7.73(3.14)
Painter assistant 10 0.35(3.08) 0.98(3.16)  0.1(1)  1.52(4.93) 3.96(4.45) 0.6(1)  5.07(5.32) 6.37(3.51)
Area sample 17 0.83(1.65) 1.79(1.62) 0.1(1) 1.46(3.17) 21.49(1.69) 1.86(3.94) 4.88(2.65) 18.36(3.7)
ANOVA analysis 0(0.05 o005 0001 p=0.141  p0.07 o001  p=0.124  p0.05
Kruskal-Wallis rank test p=0.058 p=0.065 p0.007  p0.05 0(0.05 o001  p=0.110  p0.05
Environment
Outdoor 58 0.63 (2.58) 1.53 (2.68) 0.15 (2.6) 0.81 (3.11) 13.13 (5) 0.83 (2.23) 2.6 (4.03) 6.29 (3.52)
Semi-indoor 12 0.89 (1.48) 2.15 (1.47) < LOD 7.66 (3.17)33.72 (1.561) ( LOD 5.6 (1.58) 11.06 (1.72)
Indoor 18 1.38 (2.41) 3 (2.61) 0.53 (6.94)1.41 (3.97)39.68 (3.11) 1.81 (4.68) 2.76 (4.64)16.39 (4.15)
ANOVA anaiysis p(0.05 0(0.05 0(0.07 0(0.07 0(0.07 o001  p=0.197  p0.05
Kruskal-Wallis rank test p=005%  p0.05 p.007 p0.007 p(0.05 p0.05 p=0.128  p(0.05

" Sampling number

 Occupational exposure limits

* American conference of governmental industrial hygienist Threshold limit value
¥ Limit of Detection
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Figure 1. Exposure Index based on KOEL of VOCs by (a)
worksite, (b) work type and (c) work environment
conditions

¥ The boxes show the 25th and 75th percentiles and

whiskers indicate 10th and 90th percentiles. Median is
indicated by the line inside the box.
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o] AEEqoM, 7+ AEE GM(HS)Z 18.72(1.5~
285.5) ppm, 8.27(1.68~113.98) ppm, 0.18(0.1~12.06)
ppm, 2.92(0.3~103.14) ppm. 1.23(0.11~42.21) ppm,
0.93(0.6~26.77) ppm °|3itt. ol&E W &7
(Korea Occupational Exposure Limits, KOEL:
MoEL, 2020)& #-&sto] EIE B7Igt 23, GM 0.78
(GSD 2.53) olgleH, EI} 1& 2ot Alm7t 3471
(38.6%), 25 2Ist= Al=7t 1270(13.6%) AUk o
o, EIE vl FJRAAAEHEEZTE 28 (American
Conference of Govermental Industrial Hygienists,
ACGIH)oA A3t =& 7](Threshold Limit Values,
TLVs: ACGIH, 2018)°] wet Ak&std, EFA(50—
20 ppm), ZARLE(150—50 ppm), SIEHA(100—~
20 ppm)9] k=&7]& Ao]2, B9 GMO] 1.842 =y
OEL A& AxEc) 24 ol = Ed=4 371
7MY & 9 1A= 222 EFU92= 50 ppm=
ZIoH= A=7F 2570(28.4%) AL, w2
A 7+ 270 A&7} 100 ppme 25T

VOCs 7t 23 2 A4, Aduie 2 Ade
o FEsto] BrFshH, Figure 13 Atk &Y
g4 w2 EIKOEL #8)9 GM(GSD) AlHiet £
A 1.4(1.82) ) AW 9% 1.37(2.96) ) U=ZF Y
0.89(1.48) » A& F2H% 0.82(1.62) » &4 0.57
(2.89) =02 =3tk A o] WE El g2 A
Aoz [OsHA ER=Hl(p<0.05), &4 ArFolA #
OI5HA Rt} Zrdui-of wet AwEH, TefolH T
Z 1.22.89) ) 9% #A =2 0.85(2.05) ) A%
W AGA120.83(1.65) > =& WRFEY 0.53(3.35) )
T Hx 29 035(3.08) o= =90t g
mE El g2 BAZCR [ooHA I5em(p<0.05),
ol TaxARQ]o] [oJsHA EUTh AdEie A
W24 (indoor), ¥HIWZY(semi-indoor)Zt A Q2+
(outdoor)o.2 Eolo] AmHEW, AYzrdo] 1.38
(2.41) > ¥F AvizH] 0.89(1.48) ) A2 0.63(2.58)
ot Ae] o) TE kE sk 2 AR
o7 {OIsHA & A& BFIIE S (p<0.05).

2. 22 C|O|AA[OtHIO|E =5 H7t Zut

SEet Tuh Aol AFHE F 817 54
2,4/2,6 - Ho]AAJol|0|E(2,4/2,6-TDI, OEL: 5 ppb)
Al=7o] B4 ZA3NTable 5, Appendix 4-6), GM(H$)
£ 2,4-TDI 0.052(0.003~0.5) ppb ©|%iL, 2,6-TDI
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Table 5. Geometric mean(GM) and geometric standard deviation(GSD) of isocyanates by worksite, work type and work

environment (unit: ppb)

Classification n 2,4-TDI 2,6-TDI
OFL” 5 pob 5 pob
Total 87 0.052(2.207) 0432 (3.534)
Worksite
Rooftop 54 0.059(1.9) 0.388(3.741)
Ground floor 6 0.032(4.157) 0.331(7.118)
Piloti floor 12 0.034(1.987) 0.694(2.097)
Bathroom floor 9 0.062(2.214) 0.523(3.009)
ANOVA anaiysis 0¢0.05 p=0.635
Kruskal-Wallis rank test 0(0.05 0=0457
Work type
Primer roller painting 9 0.051(1.908) 5.365(2.591)
Urethane resin spreader painting 22 0.047(2.241) 0.465(2.177)
Mixing paint 10 0.078(1.865) 0.316(2.149)
Painter assistant " 0.072(2.16) 0.065(3.056)
Area sample 29 0.045(2.379) 0.427(2.768)
ANOVA anaiysis 0=0390 0(0.007
Kruskal-Wallis rank test 0=0.321 0(0.007
Environment
Outdoor 60 0.055(2.181) 0.382(3.953)
Semi-indoor 12 0.034(1.987) 0.694(2.097)
Indoor 9 0.062(2.214) 0.523(3.009)
ANOVA anaiysis 0=0.05 p=0.700
Kruskal-Wallis rank test p=0.090 p=0276

" Sampling number
T Occupational exposure limits

0.432(0.003~22.81) ppbelitt. 2,4-TDI 5= 2t
G40 wEt FAZOE FosHA EREoH(p0.05),
ZrAUgoll W Aol= YU ¥, 2,6-TDI= &Y
i wet SAAHCE [olotA tEA| gskont, &
A-gof eties BAHCE FooH E5=d, E9]
Talo]] EREAAA =AU THp0.001)(Figure 2~3).
AR 2 F71e 98 9 A zHY EAZ4TE A
o5hH, "oz FrIst 2,6-TDI A=yt A+
Exsk= E4o] Qtt 2,6-TDI 55+ A EZH
o] IEHE} GM 5.74(GSD 2.455) © =%

(Table 6). H7FFH7E 483A E4Z3Hspearman
correlation), r = 648(p<0.001)Z 7St A=A 7} 3l

=2 g 4 A}l

www. kiha.kr

F

olmE AE@AO] L4, At T, I=2H, AlY
QF &4 9 Xo} =% et Seet WAAS g4t
o7 AR VOCs ¥ 2,4-/2,6-TD] k=&5Z
< F7Fetth VOCse EFEE EX=(EDY GM
< KOEL9| 9F 78%,F0]loH, OELe Z3sh= Al
271 AN ZO] <k 38.6%2 AATATE 7} 3 EE=
sZo|t}. g2o], EIE U= ACGIH TLVso| ot A
S, EI9] GMo| 1.84% OEL2] °F 2u} 430 & uj
=T SR grtol MY 2 9 A= =
12 EFalo g HAA RS GME 18.72 ppm 50|
O} GSD 4.44% o] Hol7} u$ Ygich E3],

o

QX

>
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Figure 2. Concentration of 2,4-TDls by (a) worksite, (b) work
type and (c) work environment conditions
X The boxes show the 25th and 75th percentiles and
whiskers indicate 10th and 90th percentiles. Median is
indicated by the line inside the box.
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Figure 3. Concentration of 2,6-TDls by (a) worksite, (b) work
type and (c) work environment conditions
X The boxes show the 25th and 75th percentiles and
whiskers indicate 10th and 90th percentiles. Median is
indicated by the line inside the box.
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Table 6. Comparison of filter and impinger methods of TDIs

No Company Day . 2,6-TDI (ppb) | Ratio
Impinger Filter (Impinger/Filter)
1 DAY 1 1.65 0.08 20.6
2 DAY 2 1.78 0.43 4.1
3 P DAY 2 10.22 0.35 29.2
4 DAY 2 100.44 1.55 64.8
5 DAY 1 5.34 1.24 43
6 DAY 1 1.22 0.44 2.8
7 DAY 1 1.20 0.39 3.1
8 DAY 2 1.52 0.28 54
9 DAY 2 2.34 0.28 8.4
10 E DAY 3 64.36 22.81 2.8
11 DAY 3 32.79 4.60 7.1
12 DAY 3 25.54 4.55 5.6
13 DAY 4 2.70 0.32 8.4
14 DAY 4 3.09 047 6.6
15 DAY 4 6.13 0.43 14.3
16 DAY 1 4.07 2.58 1.6
17 DAY 1 0.76 0.37 2.1
18 DAY 1 4.08 1.50 2.7
19 F DAY 2 1.14 0.08 14.3
20 DAY 2 1.92 0.69 2.8
21 DAY 2 1.87 0.18 10.4
22 DAY 1 1.24 0.44 2.8
23 DAY 1 7.37 2.37 3.1
24 DAY 1 3.75 1.86 2.0
25 G DAY 2 1.63 0.45 3.6
26 DAY 2 2.79 0.84 33
27 DAY 2 1.53 0.78 2.0
28 DAY 1 3.36 0.35 9.6
29 H DAY 1 1.58 0.08 19.8
30 DAY 1 3.26 0.46 7.1
Geometric Mean (Geometric Standard Deviation) 5.7(2.46)
Median 49

Spearman correlation

0.648(p ¢ 0.001)

A5 0q7; HZ=zlolA E219] HT %%(285.5
ppm)= ACGIH OEL(20 ppm)9] 108] °o]o 2 A&
Hoioh AHRY 2 F 7 EFERE 31kl
Al ARl AIRE S GRE Eakaa Tt ofd &
7MAIE Algote] 2REoles AjeEEE v 8
st} Ahn et al.(2019)9] Ao+ 2L EEA

A2 o2 VOCs 5g F7lolded, Axgo]
(spray) E4=A2t9] EI GMe] 0.71(KOEL &)
ol A9 et W APA &2 FAREA
. gutzdog TgE Axgo] ooz X uj
VOCs9 &5kl w2 2oz d#A U=tl(Keer
et al, 2018), oJ¥ 479 & AP E4
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AU QUE YLK FILY QTIBHHS Y ST

=20

(roller) ¥ AZH H(spreader)E ©]-&3t ZrFo]20]
T AR kEEE S UEUGIHE Uang et
al.2000)9] AolA= BT SAHY =AY Al
VOCs =& B7F5Il=tl, Zefo|HE HiE+= Ao
A &0 F=(AM+SD)7} 6.55+2.44 ppm(Boeing
747-400), 10.72+8.28 ppm(Airbus A300)°]} 1,
HFHAERAAE= 5.93+7.23 ppm(Boeing 747-400),
5.16£2.81 ppm(Airbus A300)°.2 E15t0] o]t
THEO 32 sFo|qln

VOCs9 &%+ A3t T SA30IA 7 R,

ol 7Pg & eHede & 4 A FAGuiEol
2 VOCs9| edsis Wil £

£ 2GR Zolls SARL A
ztolr] & 2 Al SAHCE [FosHA k=T,
ol ZEtolv ko {7IeRtEe] ATl w1l £
£ AREst] AAIREol 21 Ao] ddler FrhE.

oht £ dAollAl VOCs B7h= &Y 5 =20l
=}

W AT Z=AEe] AUSES WYsta] A=A
H Al EHEE HaoRE FEHARAFZIOVME

AESt oY, BT o] 8% 554 AEAFHTHE
ot H7Hake] Hetoll= o7 AlRkHo] 9IS o Utk
54 AR detE o R V|7t =2 &%
JolAY S o] W Qo] - AHFHaEo] FY
o] 554 ARAFTHEY 52 sE5E0E Bt
Hohs 27t Ql3, B, AEkolAY, IR FA8E
29| 739 ST U2 5EaES HRltks A
A% 9tkJang & Kim 2005). 184, 48 /718
Alof| A ol=ZARAPA R A% (Occupational Safety
and Health Administration,OSHA)9A Z4l&o =
ARgo] 1=, FHNNE I leFFoA ZASH
S0l 54 AEAQH7] AHE 58t o 5
Al AE5AFH719 2 554 WY Axet Bjud

= Fostoiof gt B AFAT= =54 AFHE
AHH o= ARESte] w9 Aolv AF E Adst
7 7t Zol= Rl 7hs skl
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SFet vk IR0 2.4/2,6-TD1 =2%71 A7},
AAAZE GME ZF 0.052 ppb, 0.432 ppb2& KOEL
(5 ppb)2] 10% H|grog2 FrA|ut, 2,6-TDI HAA=
= 37 ANZE(R.7%)7F KOELS %359t Lemiere
et al.(2002) 59 A4 o]AAoHo]E= 1 ppb
ojste] %2 FkolAE ZFFHneutrophilicod 71
A 9 AFA WstE Halgo] 7hssittal X alsky
11, Stocks et al.(2015)2 o]&A|oR|0|Eo] k&&=
LE 22 AFo] Wy FAY gitkstriEte 7]
A9l ABAGE B AAAA o] "asitta of
At ACGIH:= 2,4/2,6-TDI] TLVsE 2015W%
1 ppb(EFYPE LR o] AHSATHACGIH,
2018). o] A9l 2,6-TDI GM2 1 ppb? 2F 50%
Fol9lom, 1670 A1&(19.8%)7t 1 ppbE ZI519)
t}. 2,4/2,6-TDl s&E5 H|Ws¥S u 2,6-TDI7}
24-TDIHH oF 10H] ol &2 542 HESl
o} Kim et al.(2009)9] AFollA ZA|7FE, AREAIZE,
oF7] Az, AsAF HH|F9 =AFAS goR
TDIE 718t 23} 2,6-TDI(0.12~5.89 ppb)7} 2.4-
TDI(0.08~0.14 ppb)X.tt 2F 5~10v) &4ty X st
At Park et al.(2003)9] Ao E & a2 E
ARESRE =AM 7] & 2,4-TDIE 0.23+0.43
ug/nt, 2,6-TDI= 10.30+10.00 ug/m o2 40u] o]A}
=2 sE5EdS Businh 2,6-TDI= 2,4-TDISt
H|wsto] HE7]o] gt o]iAJopdlo]EY]9] x| W
Z71%°] o Eot 571 & 3ol 5§ golgt Aoz &
HA QoH(Kang & Kim, 1996; Kim et al, 2009),
AP A AAGE BAv vjmAdFol|A 2,6-TDI7}
2,4-TDI%} Huwsto] d4=g0] ¥ &2 E40] it
BaE v It Byun et al., 1996). E3H UutF Q] &
SHEgol A 2,4-TDI7} 2,6-TDIXt}H ¥k-3-Ao] £7] o
£l uHkgH 2,6-TDI7}F 371 S SEE] 57t
H == H1% 99tk Park et al, 2003). 159t
U ARIOHAR A 2 4-TDINE 387]& AFE
A7 #sgoy, A2 2,6-TDIV} 3871& AHE
A2 F71E]o] o]AAOH0]E & T2 tigh A
387y 7338 AtHMOoEL, 2019).

7] % OlAAOHo|E & AL TJst HiRo] &
Aok, A7Atatct A2 o2 B 71EE 2851
A1ANE vwsk=d] A7} Atk Bello et al., 2004).
o|AAloRd|o| E= TEgA(monomer)2t o 10709] ©
A7 A SA (oligomen = RS & UL, WU
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SO
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< EX|
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Y- U

e
Ho

Z(aromatic; 2,4-/2,6-TDI, 4,4-diphenylmethane
diisocyanate(MDI))¥} 3E3Ksaturated) °©]4aA|opd|o]
EE A Aol= AW=(aliphatic; 1,6-hexamethylene
diisocyanate(HDI), isophorone diisocyanate (IPDI),
methylenedicyclohexyl diisocyanate (HMDI)) & A
A=(alicyclic) 522 tifsto], &7, AR ot
B7IE 5= Qs AdRo] 9t 7P g o R EEE
= HHo] uARIPA R Ao A ARESk= OSHA-ID
42vpdol, ol A <HAEA7IEAH(Kosha-
guide) °f 93t = 51-871& AHEESI 2,4/2,6-TDI
9] TAAIETH(A-76-2019, A-77-2019; KOSHA,
2019)°17|% sttt ohgk, OSHA- 1D 42 W2 dEE
ol-gsto] A7t 7hstal JRIAE AFH7F 7hs e A
= Aot 2 mu|Rke] AR YA} o] AA[oH|o|E Tt
ARt 37} 7Fst eHAE Qlct. ¥hE A2 Al
A= AF= olEeH, 2 melde] & AR At 7ks
Stal TEFA| B oft S99 AHE THsdt o]
ATt o AollA= AMFAE 2 37HR Q] A HA =AY
HE HE = AAoto] HAZYT} EHS B]ske]
=tl, 2,6-TDI9| B7Haxof|A] AA| 23 Ho] FeHHE T}
oF 5. 7817} =7t =94t} 2,4-TDIS] -5 ZE L} A
EAHZEO] Ado] oFstal, EHoA spEo] =
5| 2okH AgEEo] Qlof AF A ] Hl= ofFH ik Kim
et al.(2009)9] AL AHZYHO R FIIgE A8
7h HEjET oF 1,58 o EQtthal HSkGl, Lee et
al.2000)9] AToAE 2,6-TDIS] 3% F wFH7Ee] 2¢
o|7} 7otEw o2 oF SHjAE WAt K aTskoiTt
o= ZE9 JuAE HERE Fil ARE AF k=
NIOSH #5525 E+= 77 S5 "H(PTFE, Glass
Fiber)& WEE AMEdh= ASTM D 5932 E+= 1SO
17735 WHO = X85 AFsto] Hilsk= A=t $7t
stal St} oigk o]k WL B4 o] ufe- Exs}
, Ol&do] 9Jgt 7 ¥ 3eEo] W2 EARS 7HA
I QJrial #yE v QItRoh & Streicher, 1999). o
Aol A 2,4-TDI s+ w&7|&3 H|WshH e 4
Zo]9lo, 2,6-TDI= YRAET} w5712 271519
1, AR T 4 Sl ACe=E U#Xl 1 ppb o1
FEE FAAANRS] F 20%7F HEE 0] SHE W A
7ol gt B2 9 AARRY] AR A7AE 2839k
& = AU EZE dFAE oflet FA 5 ot
o|AAfopo]Eof thgt &7, EA o] tigt A+ ¥
=2]o| A HE5taL Q= F o|RAOH[O]E(-NCO)E 2]

R
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271370 ug/m')S A7sk= ®RKBello et al., 2004)
5ol it 5 d77F Egasit
V.28 E
2 =52 olmE ALY e WERizre]
VOCs ¥ 2,4-/2,6-TDI =&532 Hrlstgon =
2 H7h8e o3 gk

—_

S-Hgk Rt go A ATt F 8871 VOCs Al=
24 23, E24, A, wLodAE, g, =
Atold, ALY AgEo] A&EE9orn, 7 AEE GM
(A9 18.72(1.5~285.5) ppm, 8.27(1.68~113.98)
ppm, 0.18(0.1~12.06) ppm, 2.92(0.3~103.14) ppm.
1.23(0.11~42.21) ppm, 0.93(0.6~26.77) ppm °]}1,
VOCs9] &3=4d EA4ED) GM(GSD)> KOEL &
& Al 0.78(2.53)°]1%tt.

2. B2 2571(28.4%) A&7} 50 ppm= 2T}
AL, olguidly} A 7z 27) Al=7F 100 ppm=
z3F5l9lth. VOCs] EFEE L23A5ED7 1& =
k= AlEE AAA RS 38.6%C] ATt

3. SRt g AolA AHt F 817K 2,4-/2,6-
TDI A= &4 23, 7+ 4&3 GM(HES)S 0.052
(0.003~0.5) ppb, 0.432(0.003~22.81) ppb°]A1,
2,6-TDI A& % 1670(19.8%)= ACGIH TLV¢ 1
ppbE ZI}5FTt.

4. ZAY-Lo]| 2 = v A, Zafo|u Eizke]
olA] VOCs¢ TDI s=7t 7P =4 B7H=doH, 2
FZ7tol wEtA s AETEI Al &4 9 2|5t
94 Ao VOCs s&=7F oy, TDIs 5=
257l W2 Aol Uitk

5. 2,4-/2,6-TDI =& H|W5}9E W 2,6-TDI 5%
7} 24-TDI ‘s& B} 108 ol =2 52 e,
AAEHHOZ PrIgh A|R9] L7t DEHE oF 5.7
v o &9kt el 9%t TDIC] H7k= 2 mu|Rte]
22 AL o] AAJot|o| E TEFAITE A F 7t 7Hsgt gt
A7F ooz TDIO =&W7t A, JAte] 27 4 E4
o= g HyHP Aol mje Fasitt

ol ATAIE Fol AR e P2 AR =
9] VOCs ¥ TDIs =&30] Aro] A7do] 3|22
FFES [ £ UE UL I &2 5T
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Determinants of isocyanate exposure in auto body (79, Hsd(dd), &A@
Appendix 1. Concentration of VOCs by type of worksite
\/TV\;prEsi?[fe Classification Eﬁggztire ETEZZL)J(FG Meliz\t/!):;hyl Eth;z:osr%e)tate T((E)I;?)e naczttjg?g | beEnt?g:we Tg:)enqg)
(S. Korea OEL) (ACGIH TLV)  (ppm) (ppm) (ppm)
OFL" (S. Korea) p ; 200 400 50 150 100 100
OFL (ACGIH) 200 400 20 50 20 100
nt 42 42 42 42 42 42 42 42
AMMSD™ 0924085  233+224  025:0.6 2.99+858 3452+4484 138t268 8.9+2246 12.64+19.81
Rooftop GMT(GSD)  0.57(2.89) 1.38(3.03) 0.13(2.22) 0.78(3.22) 10.11(5.91) 0.78(2.18) 2.21(4.05)  5.37(3.44)
Median 0.56 1.34 0.1 05 11.68 0.6 1 2.36
Range 0.07~2.96 0.16~7.4 0.1~385 05~39.63 1.5~146.41 0.6~13.99 0.52~103.14 1.93~82.79
n 16" 16" 16 16 16" 16 16 16"
AMZSD 0.95£0.7 227+1.56 0.51£0.83 2.18t4.97 33.66+27.71 1.52+1.77 7.2116.28 18.46+21.51
Ground floor GM(GSD)  0.82(1.62)  1.98(1.63) 0.2(352) 0.88(2.92) 26.08(2.06) 0.97(2.39) 3.95(3.8)  9.56(3.53)
Median 0.82 1.78 0.1 0.5 25.13 0.6 5.66 10.15
Range 0.48~3.4 1.06~7.64 0.1~3.03 0.5~2042 7.74~11821 0.6~6.06 047~19.68 2~81.44
n 12" 12" 12 12" 12" 12 12" 12
AMESD  0.95:0.38 2.3t09  ( LODTT 1345:14.11 36491571 ( LOD  6.07+2.27 12.27t+4.84
Piloti floor GM(GSD) 0.89(1.48) 2.15(1.47) ( LOD 7.66(3.17)  33.72(1.51) { LOD 5.6(1.58)  11.06(1.72)
Median 0.88 2.14 { LOD 6.76 31.65 { LOD 5.95 12.23
Range 0.43~1.7 1.07~4.08 ( LOD 1.32~42.21 18.45~69.56  ( LOD 1.78~10.42 2.56~21.16
n g g 8 8 g g 8 g
AMzSD 1.569+0.66 3.34+1.56 ( LOD 3.14+53  34.65+22.86 12.36+9.78 13.72+7.65 66.46+39.59
Bathroom floor GM(GSD) 1.4(1.82) 2.85(1.98) ( LOD 1.24(3.83) 28.25(2.05) 7.16(3.95) 9.94(2.97) 53.55(2.14)
Median 1.89 3.63 ( LOD 0.5 32.77 11.8 16.09 714
Range 0.48~2.18 0.77~6.32 { LOD 0.5~15.85 8.08~80.64 0.6~26.77 1~21.2  17.11~113.98
n 10 10 10 10° 10 10 10 10
AM+£SD 2.19¢1.99 533499 5044536 3.19£3.08 102.4+£101.4 < LOD 1.39+0.98  9.53+7.06
Swimming pool GM(GSD)  1.37(2.96)  3.12(3.22) 2.04(5.02) 1.56(4.35) 52.08(3.9) { LOD 0.99(2.59)  6.36(2.89)
Median 1.37 3.28 213 1.74 61.61 ( LOD 1.48 10.31
Range 041~581 0.85~14.39 0.35~12.06 0.11~7.05 10.92~2855 (¢ LOD. 0.3~2.66 1.68~18.73
ANOVA analysis 0(0.05 0=0.059 p(0.0071 0¢0.007 0(0.007 p(0.001 0(0.007 p(0.001
Kruskal-Wallis rank test p(0.05 p=0.142 p(0.007 p(0.001 p=0.058 p0.0071 p(0.01 p0.0071
“ Occupational exposure limits
T American conference of governmental industrial hygienist
T Sample number,
S Arithmatic mean
Standard deviation
™ Geometraic mean
T Limit of detection
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Appendix 2. Concentration of VOCs by work type
Work type  Classification Zlgézlire Eﬁggzl;re Melzz\t/(lar?ethyl aE;Tgtle Toluene naczttjg?gl beEnt?g:we Xylene
. Korea  (ACGIH (opm) (opm) (ppm) (opm) (opm) (ppm)
OEL) TLV)
OFL (S. Korea) 200 400 50 750 700 700
OFEL (ACGIH) ’ ! 200 400 20 50 20 700
n 17 17 17 17 17 17 17 17
Primer AMzSD 1.87£1.67 47¢405 333459 6.35£10.04 78.95+85.44  ( LOD 11.3125.12 14.36£26.01
rQII(_ar GM(GSD) 1.2(2.89) 3.18(2.63) 0.84(7.21) 2.3(4.52) 26.46(7.39) ( LOD 2.09(6.46) 5.26(3.69)
painting Median 1.27 3.14 1.32 1.74 52.18 ( LOD 1 2.33
Range 0.16~6.81 0.53~14.39 0.1~12.06 0.5~39.63 1.5~285.5 ( LOD 0.3~103.14 1.68~82.79
n 34 34 34 34 34 34 34 34
Urethane resin AMzSD 1.120.79 2.65+2 0.32£0.66  4.4+10.32 43.93t40.64 2.22#512 5.08t5.87 14.01£17.56
spr'ea'der GM(GSD) 0.85(2.05) 1.96(2.26) 0.16(2.5) 0.9(4.31) 26.49(3.16) 0.89(2.75)  2.7(3.13)  7.73(3.14)
painting Median 0.74 1.74 0.1 0.5 25.1 0.6 2.29 10.51
Range 0.32~2.96 0.41~7.4 0.1~3.85 0.11~4221 1.5~146.41 0.6~26.77 0.52~21.2 1.93~96.1
n 10 10 10 10 10 10 10 10
AM£SD 0.9+0.83  2.09+2.13 ( LOD 1.16x1.4 35.43+44.67 2352423  2.5+2.94 14.25+16.35
Mixing paint GM(GSD) 0.53(3.35)  1.12(3.68) ( LOD 0.75(2.35) 11.96(5.91) 1.07(2.98) 1.62(2.38) 7.47(3.53)
Median 0.76 15 ( LOD 0.5 15.79 0.6 10.51
Range 0.07~2.66 0.16~6.66 { LOD 05~4.18 1.5~131.43 0.6~13.99 1~8.58 2~54.17
n 10 10 10 10 10 10 10 10
AMzSD 0.6+0.65 1.69+1.89 { LOD 5.96+12.24 12.84+23.01 ( LOD 17.41£31.54 14.61+24.76
azz:;tae;t GM(GSD) 035308 0983.16) (LOD  152(4.93) 396(4.45) (LOD 607632 6.37(351)
Median 0.38 0.97 ( LOD 0.5 15 ( LOD 5.34 6.25
Range 0.07~1.99  0.16~6.17 ( LOD 0.5~39.63 1.5~73.38 ( LOD 1~103.14 2~82.79
n 17 17 17 17 17 17 17 17
AMzSD 0.94£0.53  2.01£1.03 ( LOD 2.9614.44 24.06+£10.72 4.6616.75 7.17x6.11  34.8+36.29
Area sample GM(GSD) 0.83(1.65)  1.79(1.62) ( LOD 1.46(3.17) 21.49(1.69) 1.86(3.94) 4.88(2.65) 18.36(3.7)
Median 0.71 1.71 ( LOD 1.23 24.4 0.6 5.35 21.82
Range 0.43~1.93  0.77~3.99 ( LOD 05~18.24 7.74~4386  0.6~20.9 1~19.95 2~113.98
ANOVA analysis 0(0.05 0(0.05 p(0.001 p=0.1471 0(0.01 p0.01 p=0.124 0(0.05
Kruskal-Wallis rank test p=0.058 0=0.065 0(0.007 0(0.05 0(0.05 0(0.07 0=0.110 0(0.05
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Appendix 3. Concentration of VOCs by work environment

[
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Exposure

Exposure

n Buthyl Ethyl

Work Classificati Index Index Methyl ethyl Fthyl Toluene Xylene
environment 1@ ication . Korea  (ACGIH k(eton)e a(cetat)e (opm) a(catfrf)e bt(enzrir;e (opm)
OEL) TLV) ppm ppm pp pp
OFEL (S. Korea) 200 400 50 750 100 100
OFEL (ACGIH) 7 7 200 400 20 50 20 100
n 88 88 88 88 88 88 88 88
AM=SD 1.7441.03 2752257 0812237  4.3t899 4236#51.82 2.21#4.71 7.79¢16.09 18.19425.33
Total GM(GSD)  0.782.53) 1.8426) 0.18B61) 1.234.07) 1872444) 0932.74) 292386) 827358
Median 074 1.78 0171 05 2431 06 229 927
Range 007~5.81 0.16~71439 0.1~1206 0.11~4221 1.56~2865 06~26.77 03~10374 1.68~113.98
n 58 58 58 58 58 58 58 58
AM£SD 0.93+0.81 2.32+2.06 0.32#0.67 2.77+7.72  34.29+406 1.42+2.45 8.44£19.33 14.25:20.27
Outdoor GM(GSD)  0.63(2.58) 1.53(2.68) 0.15(2.6)  0.81(3.11) 13.13(5)  0.83(2.23) 2.6(4.03)  6.29(3.52)
Median 0.59 1.46 0.1 05 17.9 0.6 1 4.46
Range 0.07~34 0.16~764 0.1~3.85 05~39.63 15~146.41 0.6~13.99 047~103.14 1.93~82.79
n 12 12 12 12 12 12 12 12
AMSD 0.95+0.38  2.3+0.9 ( LOD. 13451411 36.49£15.71  ( LOD 6.07+2.27  12.27+4.84
Semi_Indoor ~ GM(GSD) ~ 0.89(1.48) 2.15(1.47) ( LOD 7.66(3.17)  33.72(1.51) { LOD 5.6(1.568)  11.06(1.72)
Median 0.88 2.14 ( LOD 6.76 31.65 ( LOD 5.95 12.23
Range 043~17 1.07~4.08 ( LOD 1.32~42.21 1845~69.56  { LOD 1.78~1042 2.56~21.16
n 18 18 18 18 18 18 18 18
AM=£SD 1.92£1.564 4.45t39 2.85x4.64  3.17#4.07 72.29+82.82 5.83+869 6.87+8.02 34.84%38.98
Indoor GM(GSD)  1.38(2.41)  3(2.61)  053(6.94) 1.41(3.97) 39.68(3.11) 1.81(4.68) 2.76(4.64) 16.39(4.15)
Median 1.76 3.49 0.36 1.12 41.9 0.6 2.35 16.88
Range 041~581 0.77~1439 0.1~12.06 0.11~15.85 808~2855 0.6~26.77 0.3~212 1.68~113.98
ANOVA anaiysis 0(0.05 0(0.05 0(0.07 p(0.01 0(0.01 0(0.01 p=0.197 0(0.05
Kruskal-Wallis rank test — p=0056  p(0.05 0(0.001 p0.001 00.05 0(0.05 0=0.128 p0.05
www.kiha.kr
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Appendix 4. Concentration of isocyanates by worksite_personal sampling (ppb)
Type of Worksite Classification 2,4-TDI 2,6-TDI
Korea Occupational Exposure Limits 5 pob 5 pob
81 81
AMtSD 0.076£0.072 1.351+3.282
Total GM(GSD) 0.052(2.207) 0.432(3.534)
Median 0.063 0.437
Range 0.003~0.5 0.003~22.81
n 54 54
AMtSD 0.08+0.056 1.332+3.364
Rooftop GM(GSD) 0.059(1.9) 0.388(3.741)
Median 0.079 0.384
Range 0.003~0.305 0.003~22.81
n 6 6
AMtSD 0.1£0.196 3.232+6.717
Ground floor GM(GSD) 0.032(4.157) 0.331(7.118)
Median 0.026 0.461
Range 0.01~0.5 0.003~16.9
n 12 12
AM£SD 0.042x0.026 0.89x0.674
Piloti floor GM(GSD) 0.034(1.987) 0.694(2.097)
Median 0.034 0.717
Range 0.012~0.087 0.209~2.37
n 9 9
AM£SD 0.08+0.061 0.83x0.796
Bathroom floor GM(GSD) 0.062(2.214) 0.523(3.009)
Median 0.063 0.694
Range 0.014~0.193 0.08~2.576
ANOVA anaiysis o(0.05 0=0.635
Kruskal-Wallis rank test 0(0.05 0=04571
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Appendix 5. Concentration of isocyanates by work type_personal sampling (ppb)
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Work type Classification 2,4-TDI 2,6-TDI*
Korea Occupational Exposure Limits 5 pob 5 pob
n 9 9
AMzSD 0.0790.072 7.792+7.263
Primer roller GM(GSD) 0.051(1.908) 5.365(2.591)
painting
Median 0.063 4.595
Range 0.003~0.252 0.893~22.81
n 22 22
AM£SD 0.067+0.053 0.603+0.416
Urethane resin spreader GM(GSD) 0.047(2.241) 0.465(2.177)
painting
Median 0.065 0.453
Range 0.003~0.193 0.096~1.481
n 10 10
AM£SD 0.089+0.039 0.403+0.28
Mixing paint GM(GSD) 0.078(1.865) 0.316(2.149)
Median 0.085 0.324
Range 0.016~0.161 0.1~0.937
n 1 11
AM1SD 0.104£0.134 0.225+0.239
Painter assistant GM(GSD) 0.072(2.16) 0.065(3.056)
Median 0.06 0.115
Range 0.025~0.5 0.003~0.64
n 29 29
AM1SD 0.067£0.061 0.675+0.677
Area sample GM(GSD) 0.045(2.379) 0.427(2.768)
Median 0.061 0.437
Range 0.003~0.305 0.076~2.576
ANOVA anaiysis 0=0.390 0(0.007
Kruskal-Wallis rank test p=0.321 p(0.001
* All Pairwise Multiple Comparison Procedures (Dunn's Method)
- primer painting vs mixing paint (p<0.01)
- primer painting vs urethane resin roller painting (p€0.001)
— primer painting vs assistant (p{0.001)
— primer painting vs area sample (p{0.001)
Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(2): 134-152 www.kiha.kr
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Appendix 6. Concentration of isocyanates by work environment_personal sampling (ppb)
Work environment Classification 2,4-TDI 2,6-TDI
Korea Occupational Exposure Limits 5 pob 5 pob
n 60 60
AM+SD 0.082+0.078 1.522+3.784
Total GM(GSD) 0.055(2.181) 0.382(3.953)
Median 0.072 0.411
Range 0.003~0.5 0.003~22.81
n 60 60
AM+SD 0.082+0.078 1.522+3.784
Outdoor GM(GSD) 0.055(2.181) 0.382(3.953)
Median 0.072 0.411
Range 0.003~0.5 0.003~22.81
n 12 12
AMtSD 0.042+0.026 0.89+0.674
Semi-Indoor GM(GSD) 0.034(1.987) 0.694(2.097)
Median 0.034 0.717
Range 0.012~0.087 0.209~2.37
n 9 9
AM£SD 0.08+0.061 0.830.796
Indoor GM(GSD) 0.062(2.214) 0.523(3.009)
Median 0.063 0.694
Range 0.014~0.193 0.08~2.576
ANOVA anaiysis 0=(0.05 0=0.700
Kruskal-Wallis rank test p=0.090 p=0276

Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(2): 134-152

www. kiha.kr



