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Characteristics of Exposure and Daily Variations of Toluene
and IPA during the Normal Printing Process and After—shift

Cleaning Process in an Off—Set Printing Shop
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Characteristics of Exposure and Daily Variations of Toluene
and TPA during the Normal Printing Process and After—shift

Cleaning Process in an Off—Set Printing Shop

TR

or
—_
or
Tor
10

o
il
HJ

oF

o]
=

201749 6 ¥

o
o

or

e

To-

Ho
e
or
Ho
=0
oF
oA

<



ToR

(o]
=

2017 9 6 ¥




4 A43H gl

) " N — Mo 1_ o
T O o ® & o Py . [ @E%MM%

B L~ A L B S (S
T Mo B N o4 N N of B 4 T =T ™ H o oM
jo — Mﬂ ,_Hu! — " O <

W o H Yoo 8oy oy Y
r ar q o I TG N

ol R 2} o T S S T - U
T X Moz o Bodro W B A
TR T G X w o, T ATERER g w7
RN Shobr R, SWT R
shzw 283427 ®o I HIU
o W ool A S R < B o

= S Hoge =@ 38 o o|J
N M W2 X WD
o ou Sl N o § o o WOy % on R M
S 0 b | = g o1 H x Hl o ol

N ~ N e X _m

ol o M P R T T oY
T P mE B E e W
T+ T NOm o 7 af ol Ho 7 M
ou o o B ok a O o o p- H
) o o o or O o X o e X o
N oy BB H E R I

o 3 o ol of X o & W H Ko i
N = & L = 2B o Yoo o B o1
— % ol X a 2 o] ~
— © T S F = o 8 4 O o
w2 o mx X o <+ = 9! o7 W o

S e Se <o
SApeTHmI S GuHF U
Ho ok N 4 H Nr m__m Ho WF ™ & o

W T F [ M
M- T 7 an o R oo M T ow W = o
o o M T PR S
£ - T oo T oW OH N

_, = O

T/ = o W o P E . BT F
o oop o B o < moop & T WOW N o



_l[)l'
B\

34.3+15.1 ppmol§lal, 11 9 147t SA4X|et = w2 A9Y SHA=
g 247 AS nE ngd 139 9ol LE%ET 612+308 ppm
HEAolA mFY H2AYY] olazmd
F=9 rEF(dose)Z AHMAAA =9 22%% Ao = YeHyTh
~H7A A FH EFA LEFEE
, A AHe 22.6+10.1 ppm, Bt

o]

%S

2E7] QATHONA uhRel el wEFe AN =EF
2

o

e o 4o
m o,
o
HU
'
_Y{L
s, 0
o
2
rO

4o
)

4 —
go
22
re

o

~

N

~J

+

N

~

O
o
S

8

o

RS

o
-4 8% 2 UERHT AEFA QI FAA ZAHN olhm=d &
LE5EE 1Y Hdo] 23.4+9.4 ppm, <12 ZAAZF 22.7+8.9 ppm,
Fo TS2349E 742121020 ppmo|th. AEA wpRE gS2FgolA 9]
A

I
nEW 9Ee =EFS AMAYA =EF 12%FEE vebi,

A, o] "2,

n
ko
=
fif
S
=
o,
P>
|El
K
e
12
kU
fi
o
P2
r O



=
L

A1d A

T
mr
Tk
J_Ao

7ol uf

B

A 1A

Nt n O O >~ @©

of

_ZTI

A2 4
A3 -
Al 44
A5 4
A6 4

e

_z__n

HO

X
il

J

S

Al 3R

19

26

_1"%‘;]7].

—_—

A3 A 2EHA R

33

yrt -

i



A 42 FA A FAT 2EA A 3] AA AIA 274

40

3

e

ARG B,

24

A5 A FA B 2EF A4 A A

45

48
. 49

o~

7]

A6 4

—_—

A7 AE 14AENA 168 = A <

57

4 8

A 4%

- 59

61

ABSTRACT -eeeee:

_iV_



NH

2) 18 FEet ACGIHY &840 &7

3y AgLFHe ACGIHS o
4y ZtAA R utE 8o

H
~

11
12
13
16

Z

1T
ar

<

17

e

N

- 20
- 21
- 22
w24
w7

|

8 3ol

|

(B 12) 287 A4
ol AA =

(E 13) &2HA

o]

=

Z}+
15) 2617 <) 34

11> 2EA ¢
(B 160 2HA Q14 FHollA

1T
ar

1L
a1

<
<



—_—

200 ~ElA ¢

1T
ar

<

A AT 2EA A FANA WA A AIETE]

41

1 249 AT

Az

7g oA

Il
o

o 2HA {14

42

47

50
51

el
,_.,_NO
N
,_.,_NO
Ho
T
o]

=
ofn
ol

o]
110

oF
bl

o

52
54
55
55
56

GE 29 dF AG AYBAZA dold
(E 30> B AY FARHEA dlold

— vi



X

AR

X
Mﬂ

ﬂ_mo

_z__n

[ 1]

) AJBAPZ] AL coeeeerereresrene e

ﬂmo

_z__|

oy

(28 211

ol
oy

ojn

F

7} o}l

ol

A}
Al

oA A4

el

Ho

A

_},\H

—_—

Al

WA

(19 4] &

14

&

o
Z.E

- 30

B

o
_z_.E

32

- 36

[T 10] 28A A4

37

38

-39

(72 13] &A1 914 BT 26 A2 2] AR ZAA

43

[ 14] S 14 343 287 A 342 AA 2AA] o

44

- vil —



=

A1d A

~
nlly
=K
..__Ao

7]

B

A1 4

N

J_AO
o
50

7

|

1{1]—0

71% 1|

=
=

dA7E 2T 23] A& =

=
-

o @A

Hlo
T

oy
NI

=0

7Hel= Aoz dejA doh.(gaER, 2016)

Rre

o wet )

o

p—

Ife]

B

I I
,._Zlo

o

)

0

<k

ol

0
_z:|
,.__AO
o
ol

NI

F2 o

HE Al 17A] A,

al
.

5t

A=

ZF
Al

al

24P} ol Folnx] Fa}

5

ol igo] W 44

el

5

=
o

of2] Ate]

L
-

Fe Az

SfloFs

to] AAR AEE

S

Fe e}

stz g,

of Aol 7

o
242

o}



To-

of ZrAA =

oF
5

512

A% %57 274

oF
5

A5t

—

—

°

A= ol o

Il
,._._*_o



Ho
rAO

F

Al1Ad

golMel #7184

R ohre 3

X5

FE 13} 2.

S
—

P AR QAo R AR e

S
h

FF Al 27

D a7 A8 AdE 378 e

H

<

G a4 A

~E|7] Q14

o
0

j—

ofn

il

%o
Ho

29 (1x:1, 2x:11%)

2W(1%:11, 2%:19)

=

, A

oA ol E

oF
ﬂo
oF

xr

8 mL) x 5 m(W) x 3 m(H)¥E. F8 AlY

]_:_
—

& A ApEel 271

200 Lojt},

2]
=

718A et &

7] o= 79 Hit

)

)
o8

517



qe Tt ol ol % @ At
5wk sreolan Ran dgvle B ARAAE o 2gg v
o) oA Aalz gk uhRe SeAde AAEZolt 4 o
o ohpel SeAATont AR Asol WdnY et 5 gk
Wl tha Zn,

2 dFNME 7 oA FE HEH= 77 ]‘(lzﬂo =
IS SASHAH. 2HA dHEHEAD) ol drEe] e Ae=R H
A+ Acetone™} Ethyl Acetater= SAst1AF 3d ¢t SAJAW HESTH
Al mlgte = UERHH.
=749 =E7|E2 FEuEr 18EEFe] AdH E7]|F0] SAIRE A
V7152 (Tine Weighted Average: TWA)E= 50 ppm, TA|ZH-E7|
(Short Term Exposure Limit; STEL)2 150 ppmeo]|t}, o]Ax=2d IH
8AIZE A7 H 2] (Tine Weighted Average; TWA)7F 200 ppm, T4
L Z&7|=(Short Term Exposure Limit; STEL)-2 400 ppmeo|t}. b]=-A &AL
A E7HE 28] (American  Conference of  Governmental —Industrial
Hygienists; ACGIH)A&= 519 8AIZF A7 HAFC2 20 ppm= @
st glow, olaxgd AF0] e Syl 1fkFHel £

AR =] ok ((FE 2, (FE 3)).

2 g



(E 2 1855 ACGIHO E&4 +&7|F (ppm)

STEL

TWA

150

50

20

2017

ACGIH-TLV;

(F 3) 18LkFH} ACGIHY] o]

STEL

TWA

400

200

2017

ACGIH-TLV;

A 34

—_—

Nr

__o_.b

o

A 574 S22 198, A A2 E ZFEmold) HA]

}5]10

3} o] &

~EA A 38 222 ]

w T
o ol
<
Nfo
o
——
D
I
ol
= EREED
ofn o4 | |
w | BN
A
O
GURY
o

m




A 43 2377

2 Ao ARgE SRV A ARAFHZIGM OVM #3500)°0] %
L X2 A7t 7rEsty ¥R (badge) B

7] gotA 274d ol A& SHS Sh=dl W] "Eelth
S7IAFTEE IMARl A AARE 2548 31.4 co/mings A-85FAH(GM

Technical Data Bulletin— Organic Vapor Monitors).
As5d 33 P

AR 22A7} F2 Agsts o sigsts 25999 ole 22
of +54 ARAHAINE G2l At A ALY B
24 BF 0288 F2 AGHL 9o] 9BF ojfe] Axstgrt.

Aa 27At2 wid ZEAN ARAFHYE A7 AR AeA7IdE
ZF

rd md

A 454 Az A8Ne ZEAZ F, 1 teREHE g aaw
A4 AF A N2AANE AW A48 1 AZS J2HES stgon,
249l Fole AnAHINE ol T FAL Wol Y4 HPES ¢ T 1
AZFe ABHES st

Ao 2016W 129 234EH 201749 19 597H4] F2-2 A <]

7 2017 49 10956 129704 37k o] Fo ek A& 1097

Ane] FRAZ AAGIAT BT 0he HEAYS ok B9 A=
= fe)

AFSFAL, = A SA 3dFd2 WA HAAAZ, AARAAE e

<]

B
=)
o
4
o
)
e
oft T
rO
N
N
N
>
il
i
2
bl
ol .
2
Au)
a
iz
|\
ox
Mo
m
o
N

ORA 4 Az

[ 2] 131(& S73) A=AF 94

_6_



L
ol
@1z 2 A7 © ® e
O Tt} o
R =1 =] Z_]l'%]

(29 3] 29)(BF S7%) ABAF A4

A6 d 24 P

24 AZARFHZ7IGM OVM #3500)=  3MAFlA AlE3E  ‘Analysis
Guide's F11=2 5t 2 mL o|&8tet4(99.9%)5 FYsto] 308 St 2%
AR 5 EEol2sdE7|IFID)7F  FAE JtaAdEetE D (Gas
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Carrier gas. N2, 1.0 mL/min
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E 5 A A 349 E74A &= SHA
4 um REER e A )
. AN (i) (O AN (i) (SE ERA @0 (S
1 16. 12. 23 - - 17:00 - 17:31 (31) 431.9 09:00 - 17:31 (451) 86.8
2 le6. 12. 26 - - 17:14-17:35 (21) 415.3 08:55-17:35 (460) 72.4

3 1e6. 12. 27 - - 07:34-07:59 (25) 560.3 21:05-07:59 (594) 1225

4 16. 12. 28 - - 07:40 - 08:01 (21) 207.4 21:02-08:01 (599) 1284

5 16. 12. 29 10:00 - 19:16 (496)  82.3 20:00 - 20:25 (25) 626.2 - -

6 16. 12. 30 - - 17:20 - 18:00 (40) 316.1 08:40 - 18:00 (500) 717.1
7 17. 01. 02 - - 17:05 - 18:05 (60) 165.0 08:40 - 18:05 (505)  316.1
8 17. 01. 03 - - 16:59 - 17:25 (26) 274.9 08:55-17:25 (450) 99.4
9 17. 01. 04 - - 18:07 - 18:30 (23) 162.9 08:57 - 18:30 (513) 99.8
10 17. 01. 05 - - 17:05-17:25 (20) 228.5 08:45 - 17:25 (460) 70.3
11 17. 04. 10  08:53-17:12 (439) 106.7 17:12-17:36 (24) 671.5 08:53-17:36 (463)  127.5
12 17. 04. 11 09:05-17:10 (425)  102.1 17:10-17:21 (11) 250.9 09:05-17:21 (436)  103.1
13 17.04. 12 09:11-17:25 (434) 679 17:25-17:40 (15) 1293.6 09:11 - 17:40 (449) 93.0
N 4 4 13 12 12 11
AM (448.5) 89.8 (26.3) 453.3 (490.0) 98.2
SD (32.2) 18.0 (12.3) 313.9 (55.4) 21.1

GM - 88.3 - 380.5 - 96.2
GSD - 1.2 - 1.8 - 1.2




o 24ATE

6> &M B4 AN vhEe el BRA SAAet AALINZ 5

4z —~ 24 9z
g Q14 2] nhre) =ezte) ] QA 2]
= TWA 2tz
ZZAT B SHANT FRE ppm (%) =S8 AT =
min ppm min ppm min ppm (%)
17. 04. 10 439 106.7 24 671.5 136.0 (100) 463 127.5 (93.8)
17. 04. 11 425 102.1 11 250.9 105.9 (100) 436 103.1 (97.4)
17. 04. 12 434 67.9 15 1293.6 108.8 (100) 449 93.0 (85.5)
*TWA Hikghk = (C1T1+C2 T2+ +Cn'Tn / (T1+T2+-++-+Tn))
F) C @ golaglel SAX(ES] © ppm E= mg/m3)

T @ §ollaele] WA 1 A7H



&7 FA A FZA AT 274K =5 TEEAHT =D
R EED ope] ohgre) A 2]
i o
o w 2L in) (T 2N (min) (S 2N min) (T
1 16. 12. 23 09:00 - 17:00 (420) 61.3 17:00-17:31 (31)  431.9 09:00 - 17:31 (451) 86.8
2 16. 12. 26 08:55-17:14 (439) 56.0 17:14 - 17:35 (21) 415.3 08:55 - 17:35 (460) 72.4
3 16. 12. 27 21:05-07:34 (569) 103.3 07:34-07:59 (25) 560.3 21:05-07:59 (594) 122.5
4 16. 12. 28 21:02-07:40 (578) 125.5 07:40 - 08:01 (21) 207.4 21:02 - 08:01 (599) 128.4
5 16. 12. 29 10:00 - 19:16 (496) 82.3 20:00 - 20:25 (25) 626.2 10:00-20:25 (521) 108.4
6 16. 12. 30  08:40 - 17:20 (460) 26.3 17:20 - 18:00 (40) 316.1 08:40 - 18:00 (500) 77.1
7 17. 01. 02 08:40-17:05 (445)  336.5 17:05 - 18:05 (60) 165.0 08:40 - 18:05 (505) 316.1
8 17. 01. 03 08:55-16:59 (424) 88.6 16:59 - 17:25 (26) 274.9 08:55 - 17:25 (450) 99.4
9 17. 01. 04  08:57 - 18:07 (490) 96.8 18:07 - 18:30 (23) 162.9 08:57 - 18:30 (513) 99.8
10 17. 01. 05 08:45 - 17:05 (440) 63.1 17:05-17:25 (20) 228.5 08:45 - 17:25 (460) 70.3
11 17. 04. 10  08:53-17:12 (439) 106.7 17:12-17:36 (24) 671.5 08:53 - 17:36 (463) 127.5
12 17. 04. 11 09:05-17:10 (425 102.1 17:10 - 17:21 (11) 250.9 09:05-17:21 (436) 103.1
13 17. 04. 12 09:11-17:25 (4349  67.9 17:25-17:40 (15)  1293.6 09:11 - 17:40 (449) 93.0
N 13 12 13 12 12 11
AM (466.1) 81.7 (26.3) 453.3 (490.0) 98.2
SD (53.1) 27.6 (12.3) 313.9 (55.4) 21.1
GM - 76.2 - 380.5 - 96.2
GSD - 1.5 - 1.8 - 1.2
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5olA  Isopropyl Alcohol2 <QIM2Fde] A9 Aragdt

61.2ppm, EZH2t 30.8ppm, 715P8H 53.9ppm, 71SHEZEHA} 1701901,
npRE] o 2FQle] Aol AteEd 309.2ppm, EFEHAE 381.4ppm, 715}
}_

B 131.5ppm, 7|stEZW 4.1 o]dch AAZLGAT 59
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(E 8 A A A9 olAZz2d UFE LEFE SHA
A4l 2+ Rl R AA 2
E% 27 _ En _ . e . . e
= S AIZE (min) Gpm) SAAIZE (min) (;;)pm) Z4 A%t (min) (J;pm>
1 16. 12. 23 - - 17:00 - 17:31 (31) 885.1 09:00 - 17:31 (451) 161.5
2 16. 12. 26 - - 17:14-17:35 (21) 49.6 08:55-17:35 (460) 51.6
3 16. 12. 27 - - 07:34-07:59 (25) 1054.1 21:05-07:59 (594) 146.4
4 16. 12. 28 - - 07:40 - 08:01 (21) 5347 21:02 -08:01 (599) 120.9
5 16. 12. 29 10:00 - 19:16 (496) 33.0 20:00 - 20:25 (25) 549.6 - -
6 16. 12. 30 - - 17:20 - 18:00 (40) 344 08:40 - 18:00 (500) 67.3
7 17. 01. 02 - - 17:05 - 18:05 (60) 130.1 08:40 - 18:05 (505) 62.9
8 17. 01. 03 - - 16:59 - 17:25 (26) 96.0 08:55-17:25 (450) 61.2
9 17. 01. 04 - - 18:07 - 18:30 (23) 29.4 08:57 - 18:30 (513) 41.8
10 17. 01. 05 - - 17:05-17:25 (20) 34.2 08:45-17:25 (460) 52.5
11 17. 04. 10 08:53-17:12 (439) 17.8 17:12-17:36 (24) ND 08:53-17:36 (463) 17.9
12 17. 04. 11 09:05-17:10 (425) 31.8 17:10-17:21 (11) 69.5 09:05-17:21 (436) 30.0
13 17. 04. 12 09:11-17:25 (434) 54.4 17:25-17:40 (15) 64.7 09:11 - 17:40 (449) 55.9
N 4 4 13 11 12 11
AM (448.5) 34.3 (26.3) 309.2 (490.0) 73.4
SD (32.2) 15.1 (12.3) 381.4 (55.4) 47.7
GM - 31.8 - 131.5 - 60.5
GSD - 1.6 - 4.1 - 1.9




(B 9 AN 374 A2 vtRe] G239 olanzd dFE SAHANY HAAZFIAT 5
)2
A5 — &3 A5
o Q2] 2+l ot SHez P EL
a7 TWA EHitgh
=4A7  BE ZFAL B2 oppm @) | EZAAZ s
min ppm min ppm min ppm (%)

17. 04. 10 439 17.8 24 ND 16.9 (100) 463 17.9 (105.9)
17. 04. 11 425 31.8 11 69.5 32.8 (100) 436 30.0 (91.5)
17. 04. 12 434 54.4 15 64.7 54.7 (100) 449 55.9 (102.2)

*TWA 8413t = (CI-T1+C2 T2+ +Cn-Tn / (T1+T2++Tn))
) C @ fHolaclel SHX(ES] @ ppm E+= mg/m3)
HAYAIZE(ES] ¢ AR
TWA ZHEA] ‘0oz 7H3t,

A



@ 10y S A AN 24T olaT2W L LEEE FLEAY TD)
) S e AA 24
w2 2T (min) O 2R (min) O 2N (min) O
(ppm) (ppm) (ppm)
1 16. 12. 23 09:00 - 17:00 (420) 108.1 17:00-17:31 (31) 885.1 09:00 - 17:31 (451) 161.5
2 16. 12. 26 08:55-17:14 (439) 51.7 17:14 -17:35 (21) 49.6 08:55-17:35 (460) 51.6
3 16. 12. 27 21:05-07:34 (569) 106.5 07:34-07:59 (25) 1054.1 21:05-07:59 (594) 146.4
4 16. 12. 28 21:02-07:40 (578) 105.8 07:40 - 08:01 (21) 534.7 21:02 -08:01 (599) 120.9
5 16. 12. 29 10:00 - 19:16 (496) 33.0 20:00 - 20:25 (25) 549.6 10:00 - 20:25 (521) 57.8
6 16. 12. 30 08:40 - 17:20 (460) 70.1 17:20 - 18:00 (40) 34.4 08:40 - 18:00 (500) 67.3
7 17. 01. 02 08:40 - 17:05 (445) 53.8 17:05-18:05 (60) 130.1 08:40 - 18:05 (505) 62.9
8 17. 01. 03 08:55-16:59 (424) 59.0 16:59 -17:25 (26) 96.0 08:55-17:25 (450) 61.2
9 17. 01. 04 08:57 - 18:07 (490) 42.4 18:07 - 18:30 (23) 294 08:57 -18:30 (513) 41.8
10 17. 01. 05 08:45 - 17:05 (440) 53.4 17:05-17:25 (20) 34.2 08:45-17:25 (460) 52.5
11 17. 04. 10 08:53-17:12 (439) 17.8 17:12-17:36 (24) ND 08:53-17:36 (463) 17.9
12 17.04. 11  09:05-17:10 (425)  31.8 17:10-17:21 (11)  69.5 09:05-17:21 (436)  30.0
13 17.04. 12 09:11-17:25 (434) 544 17:25-17:40 (15) 647 09:11-17:40 (449)  55.9
N 13 12 13 11 12 11
AM (466.1) 61.2 (26.3) 309.2 (490.0) 73.4
SD (53.1) 30.8 (12.3) 381.4 (55.4) 47.7
GM - 53.9 - 131.5 - 60.5
GSD - 1.7 - 4.1 - 1.9
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2) 287 A4 $789 29 AYdE EFA, olaz=d 4329 4 AR

~EA QM FHL2 AFEHME ol8d Hedde A, EF<d
olAmzg 2 b

HelelA] o]Folx= &Y FAHCRE FA A4 T =EFS Hlwstr] 9
sto] FA Q1M AT FASHA 54 2 Friskt

A 6He] HL A= 2
(ND)Zt EgH B7tellA A <]st

20161 12€ 23994 2017 1Y 547kA] 10€97F2 QA4 AHS Hxz
ZAot2] ool 44k 7 Askt.

20179 49 10904 B¢ B9 129702 347 =
2o FhE TWAR gHitsto] AA| HA| ZA] Fret vlugh At AF
A Q4 ZAHO EFQAE 98.5~110.1%, olAZ2d AT 70.0~107.8%
o] dx]go] gkt

O A= (E 12, (E 158

~EA QA FAHANA ST BEFA E 2 A4 FAdA AdeEd
22.6ppm, EFHZ} 10.1ppm, 7158+ 20.7ppm, 7|stEFHZ} 1.6 o|H, uf
2o grezbeolA  Atedd 42.7ppm, HFZEHEA 249ppm, 7|SHET
37.1ppm, 7IStEEHEAL 1.7 o]al, AA| ZHelA AtsH+ 23.6ppm, EEH
2} 10.3ppm, 7|St8+t 21.6ppm, 7|5t} 1.5 o]t}
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(E 1D 28A A 3R0A S8 =740 ssx FEEA 3D
o 2l 2 obee] w82 A4 2]
Iz
a 23N (i) (S 2N (i) (5 2N (i) (S
1 16. 12. 23 - - 18:04 - 18:27 (23) 19.5 09:00 - 18:27 (507) 14.1
2 16. 12. 26 - - 17:30 - 17:52 (22) 23.1 09:01-17:52 (471) 12.0
3 16. 12. 27 - - 17:35-18:02 (27) 19.2 09:00 - 18:02 (482) 12.7
4 16. 12. 28 - - 17:30 - 17:57 (27) 38.9 09:00 - 17:57 (477) 21.6
5 16. 12. 29 - - 17:30 - 17:59 (29) 27.9 09:05 - 17:59 (474) 233
6 16. 12. 30 - - 17:35-18:05 (30) 33.7 08:45 - 18:05 (500) 34.5
7 17. 01. 02 - - 18:20 - 18:41 (21) 95.9 08:55 - 18:41 (526) 30.2
8 17. 01. 03 - - 18:36 - 18:58 (22) 28.3 08:58 - 18:58 (540) 14.2
9 17. 01. 04 - - 17:45 - 18:10 (25) 46.4 08:57 - 18:10 (493) 17.1
10 17. 01. 05 - - 18:00 - 18:30 (30) 539 09:01 - 18:30 (509) 32.8
11 17. 04. 10 09:04 - 18:48 (524) 26.6 18:48 - 18:52 (4) 80.9 09:04 - 18:52 (528) 26.6
12 17. 04. 11 08:41 - 18:46 (545) 30.2 18:46 - 18:58 (12) 54.1 08:41 - 18:58 (557) 33.8
13 17. 04. 12 09:01 - 18:21 (500)  44.9 18:21 - 18:34 (13) 24.6 09:01 - 18:34 (513) 44.5
N 3 3 13 12 13 12
AM (523.0) 33.9 (21.9) 427 (505.9)  23.6
SD (22.5) 9.7 (7.9) 24.9 (26.7) 10.3
GM - 33.0 - 37.1 - 21.6
GSD - 1.3 - 1.7 - 1.5




Iz o

oA Z}

-~

(E 12> 287 94 14

del B

—IHJ
l‘&

9 Aol AR 24 FEo| AN AF

Al
=

_llN'

A 2]

TWA Az
ppm (%) =T

ppm (%)

17. 04. 10 27.0 (100) 26.6 (98.5)

17. 04. 11 545 54.1 30.7 (100) 33.8 (110.1)

17. 04. 12 500 44.9 13 24.6 44.4 (100) 513 44.5 (100.2)

*TWA SHAHGE = (C1-T1+C2: T2+ +Cn'Tn / (T1+T2+
F) C : faflaclel =42 (A9 : ppm EE= mg/m3)
T @ galasle] AN : A7

+Tn))



(& 13) 28A AH FHANA SAH% EFA &= TEEFAEF ZD)
o EEE upre] e A 2]
=pa
w 23N (i) (S ZHAZ (min) (T AT (min) (T
1 16. 12. 23 09:00 - 18:04 (484) 13.8 18:04 - 18:27 (23) 19.5 09:00 - 18:27 (507) 14.1
2 16, 12. 26 09:01 - 17:30 (449) 11.5 17:30 - 17:52 (22) 23.1 09:01 - 17:52 (471) 12.0
3 16.12. 27  09:00-17:35 (455) 12.3 17:35-18:02 (27) 19.2 09:00 - 18:02 (482) 12.7
4 16. 12. 28 09:00 - 17:30 (450) 20.6 17:30 - 17:57 (27) 38.9 09:00 - 17:57 (477) 21.6
5 16.12. 29  09:05-17:30 (445) 23.0 17:30 - 17:59 (29) 277.9 09:05 - 17:59 (474) 23.3
6 16. 12. 30 08:45-17:35 (470) 34.6 17:35-18:05 (30) 33.7 08:45 - 18:05 (500) 34.5
7 17. 01. 02 08:55-18:20 (505) 271.5 18:20 - 18:41 (21) 95.9 08:55 - 18:41 (526) 30.2
8 17.01. 03  08:58-18:36 (518) 13.6 18:36 - 18:58 (22) 28.3 08:58 - 18:58 (540) 14.2
9 17. 01. 04  08:57-17:45 (468) 15.5 17:45-18:10 (25) 46.4 08:57 - 18:10 (493) 17.1
10 17. 01. 05 09:01 - 18:00 (479) 31.5 18:00 - 18:30 (30) 53.9 09:01 - 18:30 (509) 32.8
11 17. 04. 10 09:04 - 18:48 (524) 26.6 18:48 - 18:52 (4) 80.9 09:04 - 18:52 (528) 26.6
12 17. 04. 11 08:41 - 18:46 (545) 30.2 18:46 - 18:58 (12) 54.1 08:41 - 18:58 (557) 33.8
13 17. 04. 12 09:01 - 18:21 (500) 44.9 18:21 - 18:34 (13) 24.6 09:01 - 18:34 (513) 44.5
N 13 12 13 12 13 12
AM (484.00  22.6 (219 427 (505.9) 23.6
SD (32.1) 10.1 (7.9) 24.9 (26.7) 10.3

GM - 20.7 - 37.1 - 21.6
GSD - 1.6 - 1.7 - 1.5




E 14y ~H7 A4 BFHAA 24T o4n2W I LEEE ST 24D
o Q4 2 upre] et A 2]
[=pd
w 2L (uin) (S ZHAZ (min) (S YA min) (T
1 16. 12. 23 - - 18:04 - 18:27 (23) 43.9 09:00 - 18:27 (507) 35.2
2 16. 12. 26 - - 17:30 - 17:52 (22) 117.4 09:01 - 17:52 (471) 37.3
3 16. 12. 27 - - 17:35-18:02 (27) 52.7 09:00 - 18:02 (482) 31.4
4 16. 12. 28 - - 17:30 - 17:57 (27) 28.5 09:00 - 17:57 (477) 25.3
5 16. 12. 29 - - 17:30 - 17:59 (29) 26.1 09:05 - 17:59 (474) 11.7
6 16. 12. 30 - - 17:35-18:05 (30) ND 08:45 - 18:05 (500) 49.0
7 17. 01. 02 - - 18:20 - 18:41 (21) 28.7 08:55 - 18:41 (526) 18.2
8 17. 01. 03 - - 18:36 - 18:58 (22) 31.6 08:58 - 18:58 (540) 20.2
9 17. 01. 04 - - 17:45-18:10 (25) 48.7 08:57 - 18:10 (493) 13.1
10 17. 01. 05 - - 18:00 - 18:30 (30) 11.2 09:01 - 18:30 (509) 21.8
11 17. 04. 10 09:04 - 18:48 (524) 11.4 18:48 - 18:52 (4) 352.7 09:04 - 18:52 (528) 9.8
12 17. 04. 11 08:41 - 18:46 (545) 22.2 18:46 - 18:58 (12) ND 08:41 - 18:58 (557) 23.4
13 17. 04. 12 09:01 - 18:21 (500) 33.2 18:21 - 18:34 (13) ND 09:01 - 18:34 (513) 33.3
N 3 3 13 10 13 12
AM (523.00 223 (219 742 (505.9) 23.4
SD (22.5) 10.9 (7.9) 102.0 (26.7) 9.4
GM - 20.3 - 45.2 - 21.5
GSD - 1.7 - 2.6 - 1.6




(B 15 287 A4 34 94 FAY9 olazZ=zd I &k F4= f% 29 Y A 54 =9

A8 A%

4z - 24 4z
ot Q4 2] upre oot _ A7) 2]
= TWA EHitgh
230 BE EANT 55 oppm @) | ZAAD s
min ppm min ppm min ppm (%)
17. 04. 10 524 11.4 4 352.7 14.0 (100) 528 9.8 (70.0)
17. 04. 11 545 22.2 12 ND 21.7 (100) 557 23.4 (107.8)
17. 04. 12 500 33.2 13 ND 32.4 (100) 513 33.3 (102.8)

*TWA 8413t = (CI-T1+C2 T2+ +Cn-Tn / (T1+T2++Tn))
) C @ fHolaclel SHX(ES] @ ppm E+= mg/m3)
HAYAIZE(ES] ¢ AR
TWA ZHEA] ‘0oz 7H3t,



(R 16) 2HA QA FAHAH &A% olaxzd 4FL L E235T FTIGEAY D
A4l 2+ Rl R AA 2
8 7 ] e ] e ] e
= S AIZE (min) (Spm) SAAIZE (min) (;;)pm) Z4 A%t (min) (J;pm>
1 16. 12. 23 09:00 - 18:04 (484) 34.8 18:04 - 18:27 (23) 439 09:00 - 18:27 (507) 35.2
2 16. 12. 26 09:01 - 17:30 (449) 334 17:30-17:52 (22) 117.4 09:01-17:52 (471) 37.3
3 16. 12. 27 09:00 - 17:35 (455) 30.1 17:35-18:02 27) 52.7 09:00 - 18:02 (482) 31.4
4 16. 12. 28 09:00 - 17:30 (450) 25.1 17:30 - 17:57 27) 28.5 09:00 - 17:57 (477) 25.3
5 16. 12. 29 09:05 - 17:30 (445) 10.8 17:30 - 17:59 (29) 26.1 09:05-17:59 (474) 11.7
6 16. 12. 30 08:45 - 17:35 (470) 49.0 17:35-18:05 (30) ND 08:45 - 18:05 (500) 49.0
7 17. 01. 02 08:55-18:20 (505) 17.8 18:20 - 18:41 (21) 28.7 08:55-18:41 (526) 18.2
8 17. 01. 03  08:58 - 18:36 (518) 19.7 18:36 - 18:58 (22) 31.6 08:58 - 18:58 (540) 20.2
9 17. 01. 04  08:57 -17:45 (468) 11.2 17:45-18:10 (25) 48.7 08:57 - 18:10 (493) 13.1
10 17. 01. 05 09:01 - 18:00 (479) 22.5 18:00 - 18:30 (30) 11.2 09:01 - 18:30 (509) 21.8
11 17. 04. 10 09:04 - 18:48 (524) 11.4 18:48 - 18:52 (4) 352.7 09:04 - 18:52 (528) 9.8
12 17. 04. 11 08:41 - 18:46 (545) 22.2 18:46 - 18:58 (12) ND 08:41 - 18:58 (557) 23.4
13 17. 04. 12 09:01 - 18:21 (500) 33.2 18:21 - 18:34 (13) ND 09:01 - 18:34 (513) 33.3
N 13 12 13 10 13 12
AM (484.0) 22.7 (21.9) 74.2 (505.9) 234
SD (32.1) 8.9 (7.9) 102.0 (26.7) 9.4
GM - 20.9 - 45.2 - 21.5
GSD - 1.5 - 2.6 - 1.6




A2A g A8 FHY AN YT opRe sy A7k
E24, 04228 ¢TE =EF(Dose) Bl F7t

4 el 212 2zt v %%&?; AZEe] BRA, olhuz
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u:}f | ©
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ZA Q] FAHANA ZAHT ol4AmrE AFL LEF(Dose)S A4
of A Ar&Eat 29391ppm, EFWA 17427ppm, 7|5HEwt 25061ppm, 713}
BEEAF 1.8 olx, wiRE F3AAolA AtEBE 7888ppm, FEZHEAL
10437ppm, 71otH+F 2931ppm, 7|stEZHA} 4.6 o[t}

A Q1 FAHL olanad FdIL2 A Y tiH] uhRY T2 A
LETo] 22%°l e Aoz vehdt

A RIA T 14 2} mhRe] H3AUA 4, olaxE
L EFDose)S A= JAdo] gl o= Ueen, 4zt
S22 A o & AoeR Hrisin.
E 17, <& 18, [39 5], [39 6], [2™ 7], (298 8]7 &t
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L
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K lo mo

23}
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E 17

[

A A4 T4 A4 AAG vhrE] HF2HY ALY EFA =EF v

=]
. A 4] EET
Erd = = = =
a T sanaew  FE SRR SEE sagaew B (52 RS
1 16. 12. 23 09:00 - 17:00 (420) 61.3 25746 100% 17:00 - 17:31 (31)  431.9 13389 2%
2 16. 12. 26 08:55-17:14 (439)  56.0 24584 100% 17:14-17:35 (21) 4153 8721 35%
3 16. 12. 27 21:05-07:34 (569) 103.3 58778 100% 07:34-07:59 (25  560.3 14008 24%
4 16. 12. 28 21:02-07:40 (578) 1255 72539 100% 07:40-08:01 21) 207.4 4355 6%
5 16. 12. 29 10:00-19:16 (496) 82.3 40821 100% 20:00 - 20:25 (25)  626.2 15655 38%
6 16. 12. 30 08:40-17:20 (460)  26.3 12098 100% 17:20 - 18:00 (40)  316.1 12644 105%
7 17. 01. 02 08:40-17:05 (445)  336.5 149743 100% 17:05 - 18:05 (60)  165.0 9900 1%
8 17. 01. 03 08:55-16:59 (424) 88.6 37566 100% 16:59-17:25 (26)  274.9 7147 19%
9 17. 01. 04 08:57-18:07 (490)  96.8 47432 100% 18:07-18:30 (23)  162.9 3747 8%
10 17. 01. 05 08:45-17:05 (440) 63.1 27764 100% 17:05-17:25 (20)  228.5 4570 16%
11 17. 04. 10 08:53-17:12 (439) 106.7 46841 100% 17:12-17:36 (24)  671.5 16116 34%
12 17. 04. 11 09:05-17:10 (425) 102.1 43393 100% 17:10-17:21 (11)  250.9 27760 6%
13 17. 04. 12 09:11-17:25 (434) 679 29469 100% 17:25-17:40 (15) 1293.6 19404 66%
N 13 12 12 12 13 12 12 12
AM (466.1)  81.7 38919 100% (26.3) 4533 10210 34%
SD (53.1) 27.6 16508 - (12.3) 3139 5677 29%
GM - 76.2 35458 - - 380.5 8533 -
GSD - 1.5 1.6 - - 1.8 1.9 -

*C*T=Dose(ppm~—hr)



CE 18 A A4 349 A4 ZAAy} o] G323 A o4zl IS 5T H]
A A4 = upRe] gheate]

Egd = = = =
a7 S L ek S P S L R AAG Rk S
1 16. 12. 23 09:00-17:00 (420) 108.1 45402 100% 17:00 - 17:31 (31)  885.1 27438 60%
2 16.12. 26 08:55-17:14 (439) 51.7 22696 100% 17:14-17:35 21)  49.6 1042 5%
3 16. 12. 27  21:05-07:34 (569) 106.5 60599 100% 07:34-07:59 (25) 1054.1 26353 43%
4 16. 12. 28 21:02-07:40 (578) 105.8 61152 100% 07:40 - 08:01 (21) 534.7 11229 18%
5 16. 12. 29 10:00-19:16 (496) 33.0 16368 100% 20:00 - 20:25 (25)  549.6 13740 84%
6 16. 12. 30 08:40-17:20 (460)  70.1 32246 100% 17:20 - 18:00 (40) 34.4 1376 4%
7 17. 01. 02 08:40-17:05 (445) 538 23941 100% 17:05 - 18:05 (60)  130.1 7806 33%
8 17. 01. 03 08:55-16:59 (424) 59.0 25016 100% 16:59 - 17:25 26)  96.0 2496 10%
9 17. 01. 04 08:57-18:07 (490) 42.4 20776 100% 18:07 - 18:30 (23)  29.4 676 3%
10 17. 01. 05 08:45-17:05 (440) 534 23496 100% 17:05-17:25 (20)  34.2 684 3%
11 17. 04. 10 08:53-17:12 (439) 178 7814 100% 17:12-17:36 (24) ND ND 0%
12 17. 04. 11 09:05-17:10 (425) 31.8 13515 100% 17:10-17:21 (11)  69.5 765 6%
13 17. 04. 12 09:11-17:25 (434) 544 23610 100% 17:25-17:40 (15)  64.7 971 4%

N 13 12 12 12 13 11 11 11
AM (466.1)  61.7 29391 100% (26.3)  309.2 7888 22%
SD (53.1) 30.8 17427 - (12.3) 3814 10437 28%
GM - 539 25061 - - 131.5 2931 -

GSD - 1.7 1.8 - - 4.1 4.6 -

*C*T=Dose(ppm~hr)
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A 34 2€A A F3F9 < A upRE G&FY AR
2ol

A, olaZ=zd FdFZ =EF (Dose) HlL B7}

= Zlozer 43t
= 2

2EA QA FAoA SHY EFA E2FDose)> A4 2rollA At

-t 11089ppm F=HAF 5306ppm, 715HEw 10008ppm, 715tEE=HAL 1.6
S22 Ao A AtEEot 837ppm, EFHAF 532ppm, 7|5HE At
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2EA A FAA ST olazmzd dFE LEF(Dose)> Q14
HollA At&mw 10960ppm, FEFHZF 4173ppm, 7|58+ 10130ppm, 715}
BEEHA 15 old, uhRE T@2A}dolA 4teBd 1081ppm, X
636ppm, 715wt 937ppm, 7|otEFHA} 1.8 o]t}

~HA A A olan=d JFEL2 QI A diH] nhRE H3A
Al kEEo] 12%°] sidE+= A2 yEdt

~EA Q1A 5789 I Adat vhrE] F2A 9
F=0] =& (Dose)> A Aol gle AR Yegon, A7t Hol
nhRe] G2AAA o 2 o= B
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O AvE KE 19, <& 200, [2™ 9], [29 101, [2¥ 111, [29 12]3
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(& 19) 267 Q4] FAO) A4 A7 vhFe] e Ao B2 w5 v
. Q12 2 L
L eA - -
R Ay (TE EEE A0 (SE - = B
1 16. 12. 23 09:00 - 18:04 (484) 13.8 6679 18:04 - 18:27 (23) 19.5 449 1%
2 16.12. 26 09:01-17:30 (449) 11.5 5164 17:30 - 17:52 (22) 23.1 508 10%
3 16. 12. 27 09:00 - 17:35 (455) 12.3 5597 17:35-18:02 (27) 19.2 518 9%
4 16. 12. 28 09:00-17:30 (450)  20.6 9270 17:30 - 17:57 (27) 38.9 1050 11%
5 16. 12. 29 09:05-17:30 (445  23.0 10235 17:30 - 17:59 (29) 27.9 809 8%
6 16. 12. 30 08:45-17:35 (470) 34.6 16262 17:35-18:05 (30) 33.7 1011 6%
7 17. 01. 02 08:55-18:20 (505)  27.5 13888 18:20 - 18:41 (21) 95.9 2014 15%
8 17. 01. 03  08:58 - 18:36 (518) 13.6 7045 18:36 - 18:58 (22) 28.3 623 9%
9 17. 01. 04 08:57-17:45 (468) 15.5 7254 17:45 - 18:10 (25) 46.4 1160 16%
10 17. 01. 05 09:01-18:00 (479) 31.5 15089 18:00 - 18:30 (30) 53.9 1617 11%
11 17. 04. 10  09:04 - 18:48 (524)  26.6 13938 18:48 - 18:52 (4) 80.9 324 2%
12 17. 04. 11 08:41-18:46 (545) 30.2 16459 18:46 - 18:58 (12) 54.1 649 4%
13 17. 04. 12 09:01 - 18:21 (500)  44.9 22450 18:21 - 18:34 (13) 24.6 320 1%
N 13 12 12 13 12 12 12
AM (484.0) 22.6 11089 (21.9) 42.7 837 8%
SD (32.1) 10.1 5306 (7.9) 24.9 532 5%
GM - 20.7 10008 - 37.1 708 -
GSD - 1.6 1.6 - 1.7 1.8 -

*C*T=Dose(ppm~—hr)



@ 20y 297 A4 B4 A4 A vhRe FAY AL ol4nRT FE wEF L

o 12 2 o] HeAted
@ AAmn (T EETN zgqamin (SE EEIB
1 16. 12. 23 09:00 - 18:04 (484)  34.8 16843 18:04 - 18:27 (23) 43.9 1010 6%
2 16. 12. 26 09:01 -17:30 (449) 334 14997 17:30-17:52 (22) 1174 2583 17%
3 16. 12. 27 09:00-17:35 (455)  30.1 13696 17:35-18:02 (27) 52.7 1423 10%
4 16. 12. 28 09:00 - 17:30 (450)  25.1 11295 17:30 - 17:57 (27) 28.5 770 7%
5 16. 12. 29 09:05-17:30 (445)  10.8 4806 17:30 - 17:59 (29) 26.1 757 16%
6 16. 12. 30 08:45-17:35 (470) 490 23030 17:35-18:05 (30) ND ND 0%
7 17. 01. 02 08:55-18:20 (505) 17.8 8989 18:20 - 18:41 (21) 28.7 603 7%
8 17. 01. 03 08:58-18:36 (518)  19.7 10205 18:36 - 18:58 (22) 31.6 695 1%
9 17. 01. 04 08:57-17:45 (468) 11.2 5242 17:45-18:10 (25) 48.7 1218 23%
10 17. 01. 05 09:01-18:00 (479)  22.5 10778 18:00 - 18:30 (30) 11.2 336 3%
11 17. 04. 10 09:04 - 18:48 (524) 114 5974 18:48 - 18:52 (4) 352.7 1411 24%
12 17. 04. 11 08:41-18:46 (545) 22.2 12099 18:46 - 18:58 (12) ND ND 0%
13 17. 04. 12 09:01-18:21 (500)  33.2 16600 18:21 -18:34 (13) ND ND 0%
N 13 12 12 13 10 10 10

AM (484.0) 22.7 10960 (21.9) 74.2 1081 12%

SD (32.1) 8.9 4173 (7.9) 102.0 636 8%

GM - 20.9 10130 - 45.2 937 -

GSD - 1.5 1.5 - 2.6 1.8
*C*T=Dose(ppm~—hr)
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&4 A4 27 s
§ oo . e s P
- 2 X1 2Hmin) G ot 2 X1 2Hmin) Cm ot
1 16. 12. 23 09:00 - 17:31 (451) 86.8 39147 09:00 - 18:27 (507) 14.1 7149
2 16. 12. 26 08:55-17:35 (460) 72.4 33304 09:01-17:52 (471) 12.0 5652
3 16. 12. 27 21:05-07:59 (594) 122.5 72765 09:00 - 18:02 (482) 12.7 6121
4 16. 12. 28 21:02-08:01 (599) 128.4 76912 09:00 - 17:57 (477) 21.6 10303
5 16.12. 29 - - - 09:05 - 17:59 (474) 23.3 11044
6 16. 12. 30 08:40 - 18:00 (500) 77.1 38550 08:45 - 18:05 (500) 34.5 17250
7 17. 01. 02 08:40 - 18:05 (505) 316.1 159631 08:55 - 18:41 (526) 30.2 15885
g8 17. 01. 03 08:55-17:25 (450) 99.4 44730 08:58 - 18:58 (540) 14.2 7668
9 17. 01. 04 08:57 - 18:30 (513) 99.8 51197 08:57 - 18:10 (493) 17.1 8430
10 17. 01. 05 08:45 - 17:25 (460) 70.3 32338 09:01 - 18:30 (509) 32.8 16695
11 17. 04. 10 08:53-17:36 (463) 127.5 59033 09:04 - 18:52 (528) 26.6 14045
12 17. 04. 11 09:05-17:21 (436) 103.1 44952 08:41 - 18:58 (557) 33.8 18827
13 17. 04. 12 09:11 - 17:40 (449) 93.0 41757 09:01 - 18:34 (513) 44.5 22829
N 12 11 11 13 12 12
AM (490.0) 98.2 48608 (505.9) 23.6 12054
SD (55.4) 21.1 15050 (26.7) 10.3 5550
GM - 96.2 46708 - 21.6 10932
GSD - 1.2 1.3 - 1.5 1.6

*C*T=Dose(ppm—hr)



GE 22y 94 Q4 BAT AEA A4 BAAA AR Y AZERY o4z A3 =EF U

= Q14 2EA AH
g ~ . wr pze - . Lze
=4 A17Hmin) (ppm)  (ppm-—hr) =4 A1ZH(min) (ppm) (ppm—hr)
1 16. 12. 23 09:00 - 17:31 (451) 161.5 72837 09:00 - 18:27 (507) 35.2 17846
2 16. 12. 26 08:55-17:35 (460) 51.6 23736 09:01 - 17:52 (471) 37.3 17568
3 16. 12. 27 21:05-07:59 (594) 146.4 86962 09:00 - 18:02 (482) 31.4 15135
4 16. 12. 28 21:02 - 08:01 (599) 120.9 72419 09:00 - 17:57 (477) 25.3 12068
5 16. 12. 29 - - - 09:05-17:59 (474) 11.7 5546
6 16. 12. 30 08:40 - 18:00 (500) 67.3 33650 08:45-18:05 (500) 490 245000
7 17. 01. 02 08:40 - 18:05 (505) 62.9 31765 08:55-18:41 (526) 18.2 9573
8 17. 01. 03 08:55-17:25 (450) 61.2 27540 08:58 - 18:58 (540) 20.2 10908
9 17. 01. 04 08:57 -18:30 (513) 41.8 21443 08:57 - 18:10 (493) 13.1 6458
10 17. 01. 05 08:45-17:25 (460) 52.5 24150 09:01 - 18:30 (509) 21.8 11096
11 17. 04. 10 08:53-17:36 (463) 17.9 8288 09:04 - 18:52 (528) 9.8 5174
12 17. 04. 11 09:05-17:21 (436) 30.0 13080 08:41 - 18:58 (557) 23.4 13034
13 17. 04. 12 09:11 - 17:40 (449) 55.9 25099 09:01 - 18:34 (513) 33.3 17083
N 12 11 11 13 12 12
AM (490.0) 73.4 37200 (505.9) 23.4 11791
SD (55.4) 477 26938 (26.7) 9.4 4555
GM - 60.5 29406 - 21.5 10875
GSD - 1.9 2.1 - 1.6 1.5

*C*T=Dose(ppm—hr)
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E 26) L& 7} BE FoldAe] AHA QY FF SH A
= 51 ;_q-o%/\ ZJ’ - %E ?ﬂ
=34 BT AT S e oy T
= 2] 528 ND ND 9.8 26.6
PR T3 A9 &Y 524 ND ND 11.4 26.6
2017. 04. 10 2 E A Q14 e =AY 4 ND ND 352.7 80.9
7 a1 75 ND ND 11.2 71.5
=1t T 55 ND ND ND 24.4
Z &Y 557 ND ND 23.4 33.8
R SF227 Y A9 F2Y 545 ND ND 22.2 30.2
2017. 04. 11 AE]A A opRe] 32 12 ND ND ND 54.1
7 He-1 9 ND ND ND 45.9
3 Fa-2 7 ND ND ND 71.5
Z 24 513 ND ND 33.3 44.5
o] S22 A9l T2 500 ND ND 33.2 44.9
2017. 04. 12 2B A M R S22 13 ND ND ND 24.6
7 Ha-1 8 ND ND 51.2 34.4
S Fa-2 8 ND ND ND 24.5
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ABSTRACT

Characteristics of Exposure and Daily Variations of Toluene
and IPA during the Normal Printing Process and After—shift

Cleaning Process in an Offset Printing Shop

Dock Jin Kang

Major in Industrial Hygiene Engineering
Dept. of Mechanical Systems Engineering
The Graduate School

Hansung University

This study was conducted to evaluate characteristics of exposure and
daily variations of toluene and IPA(isopropyl alcohol) during the normal
printing process and after—shift cleaning process in an offset printing shop
from 23 December 2016 to 12 January 2017. Total 13 days were
measured during normal printing process and after—shift cleaning process.

The results were as follows.

1. Daily exposure level of toluene was 98.2 ppm (N=13) during
average working hour a day (490 minutes) in the offset printing
process, which is 2 times of the Korean Exposure Limit(50 ppm) and
5 times of ACGIH-TLV(20 ppm). During the printing process,
exposure concentration to toluene was 89.8 ppm. However, during

after—shift cleaning process for 26+12.3 minutes, exposure



concentration to toluene was 453.3 ppm.

2. Exposure dose of toluene which was obtained by combination of
exposure duration and concentration for after—shift cleaning process
was 34% of that for normal printing process in the offset printing.

3. TPA concentration was 61.2+30.8 ppm (N=13) during average
working hour a day (490 minutes) in the offset printing, which is
below than the Korean Exposure Limit(200 ppm).

4. Exposure dose of IPA for after—shift cleaning process was 22%
of that for normal printing process in the offset printing.

5. Daily exposure level of toluene was 22.6+10.1 ppm (N=13)
during average working hour a day (490 minutes) in the sticker
printing process, which is approximately half of the Korean Exposure
Limit(50 ppm) and but higher than the ACGIH-TLV(20 ppm).

6. Exposure dose of toluene for after—shift cleaning process was
8% of that for normal printing process in the sticker printing.

7. IPA concentration was 22.7+8.9 ppm (N=13) during average
working hour a day (490 minutes) in the sticker printing.

8. Exposure dose of IPA for after—shift cleaning process was 12%

of that for normal printing process in the sticker printing.

[Keywords] Toluene, Isopropyl alcohol, IPA, Offset printing, Cleaning

process.
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