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7h dx=9 Asf&
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2008 31,682 72 0.23
2009 40,931 47 0.10
2010 447757 17 0.038
2011 48,385 10 0.021
2012 52,779 23 0.044
2013 53,615 12 0.022
2014 53,429 36 0.067
2015 53,779 28 0.052
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Sed Ad A Sed AHA AR
2006 660 9 1.36 8,473 31 0.37
2007 770 5 0.65 16,264 48 0.30
2008 131 17 1.50 30,551 55 0.18
2009 1,039 2 019 39,893 40 0.10
2010 851 1012 43,906 16 0.04
2011 793 1 0.13 47,593 9 0.02
2012 775 3 0.39 52,005 20 0.04
2013 768 1 013 52,847 11 0.02
2014 661 2 030 52,768 34 0.06
2015 806 1 012 54,398 28 0.05
® 9 BZY d=d 48 A7 9 A
e AR Al
Ar
o o 7 g 9 7 L= |
2006 3,294 5179 8,473 23 8 3l 0.70 0.15 0.37
2007 4,446 11,818 16,264 35 13 48 0.79 0.1 0.30
2008 7,457 23,094 30,551 44 11 55 0.59 0.05 0.18
2009 8,429 31,464 39,893 25 15 40 0.30 0.05 0.10
2010 10,292 33,614 43,906 13 3 16 0.13 0.01 0.04
2011 12,916 34,677 47,593 72 9 0.05 0.01 0.02
2012 14,521 37,484 52,005 15 5 20 0.10 0.01 0.04
2013 15109 37,738 52,847 8 3 1 0.05 0.01 0.02
2014 16218 36,550 52,768 2410 34 0.15 0.03 0.06
2015 17,718 36,680 54,398 21 7 28 012 0.02 0.5
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2) BARE

e
o

A
AYTEIA AABHEHS AYFTATLILAIANA B2 B 577
ol olzste] 20141 shib] HEOo= MrEle] 2015HE FuIAA AF
AR % 29 olRolFh B Aol BHG ARE o] 23 Awe] A%
ot
20149 2

gor, olF A 224

e
rick
oM,
B[}
o,
o,
o,
rr
2
B
>,

A2

14,269 02 A2} 54,7628 9] 26.1%
At 20159 A HFA o] o]Folxl AL 88/fAR A 1237]49]
T3%Ro™, ol A d=AE 38,982W o2 AAEZA 55,808% 2
69.9% At
2 AFoA BARE AAESA a9l ek QAT dFekA 1t
THE (E1OAdA HiE Hieh o] 73F0]9dth. & 2
Poll Al 4,424710]191a1, 2015Well= 887]4ofA 2,410710]3ct. sFetE4-S

A2 YRolEH (7|82 (405)2 6,120, S250Q1%)2 51174, 4t

oN

Hm

=
[
]
H
=
O
=

—

u]

PH]R(785)2 787, 21(GF)2 1257013t
4] S41 6,8347 FollA sbetEdo] HEd ARe 3,223 (47%)°]
o, =dEd AM=e 3,61140G3%)01dH.

;EN
lorm

ArA7 <22t
Ax
A S|4 A S
2014 123 (100%) 33 (27%) 54,762 (100%) 14,269 (26.1%)
2015 123 (100%) 88 (73%) 55,808 (100%) 38,982 (69.9%)




= o 7 /\]-%_1‘71-
aw Ay 2=a4e A5 L zas YUY s g
. 4,062 279 63 20 4,424
= (100%)  (100%)  (100%) (100%) (100%)
i} 2.344 224 39 20 2.627
] == ) s
2014 33 14269 AE (5770)  803%)  (61.9%) (100%) (59.4%)
b= 1,718 55 24 0 1,797
EEE L (423%)  (19.7%)  (38.1%)  (0.0%)  (40.6%)
. 2,058 232 15 105 2,410
= (100%)  (100%)  (100%)  (100%) (100%)
i} 375 112 6 103 596
] =
2015 88 38982 HE  (1304)  (483%) (40.0%) (98.1%) (24.7%)
. 1,683 120 9 2 1,814
=HE 81.8%)  (51.7%) (60%)  (1.9%)) (75.3%)
. 6.120 511 78 125 6,834
H (100%)  (100%)  (100%)  (100%) (100%)

(44.4%)  (65.8%) (57.7%) (98.4%) (47.2%)

By = 3,500 175 33 2 3,611
4=
(57.2%) (34.2%) (42.3%) (1.6%) (52.8%)

3) 20149 F713_t=E 534

20149 71 @ol Z4E frIdtEe EFdor 18810 SAHH
chEo® A 1797, oE 1777, WiELAE 171, A28t 167

A o2 e,

AA 24230 dEol 7 B2 Aoz yEd 582 %—‘?@](173@), il
HoEA=(1417), otAl=(1397), AlZ=4H(136%7
w02 UEHth S dEnleo] W2 222 k¥-7HE %5’_%(0%),
2-HEA] AEZ(0%), HEn-otEAEW0%), HEZ2HHQ%) +2= e

HH(E 12> 2.



(E 12) 20149 87)3k5tEe =

A 2473 a2 s 24
1 s 188 173 92%) 15 (8%)
2 %ﬁﬁ 179 50 (8% 129  (72%)
3 ok 177 139 (18%) 38 (2%
4 e ﬂf— jf;lf' e 171 141 ®2%) 30 (18%)
5 gﬁijﬁe 167 136 1% 31 (19%)
6 . tifﬂfa . 160 116 (72%) 44  (28%)
8 c;]c%)ifﬂie 153 136 (89%) 31 (11%)
9 n%;i fﬁe 152 123 81%) 29  (19%)
10 nifgi ;ﬁj}ii 150 99 (66%) 51  (54%)
1 . t?}]flgl?ifien 66 27 41%) 39 (59%)
olAmR AT
13 et ol 56 31 (55%) 25 (45%)
14 ol 5115 Q9% 36 (T1%)
15 pEERAE 48 1 Q@) 47 (8%
16 Me‘jly%% ?ﬁjﬁ e % 23 7% 13 (23%)
17 v fy‘f?ﬁa . 6 19 (52%) T (48%)
18 ij’;gne %25 w9 Q%)
19 s 30 20 66%) 10 (34%)
20 2 E]HStylene 28 2 (% 26 (97%)



o 247 32 Az S

21 22—_13?5 ;y]jh?r% 28 6 Q1% 22 (19%)
2 n_Bufyj%;‘C T oD 27 0 0.0% 27 (100%)
23 ISSLﬁj%EEOI 26 5 (19%) 21 (81%)
2% Tﬁriffoiﬁﬁi 20 20 O5%) 1 (5%)
25 2;?*@2}{?;%;@‘1:5 21 6 8% 15 (12%)
26 D?S?bﬁf;%kﬂi 19 5 Q6% 14 (74%)
27 2%@?;2%?!%% 19 0 0.0% 19 (100%)
28 %‘_ﬂiﬁl}xﬂfh"y}ﬂ?‘;ﬁ 19 3 (16%) 16 (84%)
29 %jjig/eﬂiﬁ 18 6 (33%) 13 (67%)
30 Ijﬁfyﬁifw 18 2 (11%) 16 (89%)
31 Iiﬁ;ﬁfii 18 1 G% 17 (95%)
32 n_i%ﬁi‘gate 18 4 %) 14 (78%)
33 sec—Bu?i?tli?o%i%utanol) 18 3 (16%) 15 (84%)
35 M::L?;—l g:;;%@eine 18 0 0.0% 18 (100%)
36 'j]v%n;}ii:f 18 2 (1% 16 (89%)
37 oo S ol = 2 2 (100%) 0  (0.0%)

Dimethylformamide
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20149 S4H A= FolA f7lgtgdEe] ASd AawE ddes =3
Ol LEFEE molsty| flste] 72 FAFE A=t Ave (Rl 2ot
ASH A= F Aeddo] 7HY &2 242 HE2 804 ppml = YE
wor, Ef|ZZ=Zo g 38.2 ppm, EF9 25.8 ppm, AEHA 20.2 ppm,
HEEAE 14.5 ppml = UEHOH, Z|stgdo] 7MY =2 242 Hd

oEAE 3.1 ppm, SF4N 2.5 ppm, 2-HEA] oHoAHO|E 2.5 ppm, 2-
HEA ofgr2 1.8 ppm, 2-FEYE 1.8 ppm, WEE 1.6 ppmsO 2 LfEL

iy

w

71t EEREA 2o EHL fgke 21.1 ppm, oW 20.0 ppm, ZA
Al 13.9 ppm, 2-HEA] o€ otHHOIE 13.8 ppm, 2-9EA] ek 12.8
ppm £02 uetgrom zpAgh g2 (F 16y Et

429 AR 3 w3713 20T F80) 9b 4/1ATE kiS5 7]
SREE AT Aot AletBRe S EFRAE AT AEshect
e8]
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134
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10.0 100.0

Concentration{ppm)

Cumulative Probability (%)

[2" 12] 2-HEA] o2 otAHO|E Es: XL,

(E 13> 2-H|FA] o2 ofAH|o|E =35H&E
N HE Za} GM GSD probability
19 3 2(66.7%) 32.5 13.8 39.6%
2014 7IAEEATANA 2-HEAl o2 oMAHIOIE HE 34 F 2719]
ZH66.7%)5tH oM, k=7va 24T FE2 39.6%%H.
S87057F Wie o] ARA|RT AEko| FEE Q= AdEC <
we Aow g,
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E T 75%
/Jr'( t 50
5 %' 2524

1652
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’l T 10%%
/ F 5%

Cumulative Probability (%)

2%
12
0.0 0.0 a1 1.0 10,0
Concentration{ppm)
[ 13] ¥1A &5 BXL
CE 14 974 z3s
N A= z 3t GM GSD probability
51 15 3(20%) 0.3 3.8 18%

2014 71AEE dZoA WA HAE 1574 F 3do] 27Q0%)51EoH,
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Cumulative Probability (%)

F 2%
F 1%

0.0 0.1 1.0 10,0 100.0 1000.0
Concentration{ppm)

[2" 14] HEE =55k EX5k.

(B 15 &2 2943E

o} GM GSD probability

s
N

N A

30 20 3(14.3%) 1.6 21.1 5.6%

20143 getdZEoA HErE A= 204 & 374(14.3%) 2061900, L&



(E 16) 20149 §7]51020] LE4E 9 LEEY

= = A is 715} 7lst® =
Qi 247 2 AE mw owmh oww oswny TONE WEE
=T =T (AM) (SD) (GM)  (GSD) PP
e
1 N 30 20 80.4  213.1 16 211 5.6 200
El
2 Egjgdasoddl 21 20 382  77.9 2.1 12.2 10.3 50
Trichloroethylene
3 =7l 188 173 25.8 46 2.5 126 119 50
Toluene
of & il ANl
4 Echyl Bersgen 66 27 202 311 15 20.0 7.9 100
H o e E
5 Methy] oyl hetoneMEK) 171 141 145 200 3.1 7.8 2.2 200
]
6 i?‘—aﬂ 179 50 122 249 0.7 13.9 2.8 100
ylene
2-HEA] ofd opAH|o|E
7 Mooyl aeate 19 3 8.9 10.7 2.5 138 396 5
2-FEA| OB
8 > Btoxybanc 28 6 8.4 16.7 18 7.6 11.9 20
oA REAE
9 Methyl Bebiedl Ketone 36 23 8.2 13.6 0.9 9.9 3.9 50
10 /f“ﬂ% 177 139 7.2 16.1 1.0 6.7 0.1 500
cetone
=22 J A
1 A=A 153 136 661 129 0.6 73 3.9 20
Cyclohexanone



= = A xE 7|5t 715k S = 1=
Sk 247 20 AE mw owmd owWe oswy TONE wEE
T T (AM) (SD) (GM)  (GSD) bp
1l
12 e 152 123 5.5 11.2 0.9 8.7 3.1 50
n—Hexane
2= EA]of EFE
13 ¥ ehonyerhonel 18 6 5.0 8.9 0.5 128 192 5
ZAto "l
14 Ethol aceiate 160 116 4.4 10.1 0.7 9.2 0.2 400
2-oEA] o2 olAH|o|E
15 P Etbosyethy] acuthne 21 6 3.7 8.8 0.2 10.1 8.1 5
2-FELdE
16 sec bt alcohol 18 3 2.3 1.5 1.8 2.7 0 100
V_ = HE]
17 - 2ate g 150 99 1.9 4.9 0.4 5.8 0.0 150
n—Butyl acetate
g gz Sotn| &
18 D amide 2 2 15 13 1.1 2.9 2.2 10
I Ogor=
19 olatedds 56 31 0.8 1.1 0.4 3.9 0 200
Isopropyl alcohol
20 BHM 51 15 0.6 0.7 0.3 38 18 1
enzene
3
21 . A 34 25 0.6 1.4 0.2 2.9 0 400
eptane
3l
22 A=t 167 136 0.5 0.5 0.4 1.8 0 200
Cyclohexane
H gl
23 ol dAE 19 5 0.3 0.3 0.2 3.9 0 25

Diisobutyl ketone



- e L -
o1 24 20 AE mw owmd owWe oswy TONE wEE
=T T (AM) SD) (GM)  (GSD) PP
g2 2o e B B 3
24 Dichloromethane 48 1 0.3 0.3 50
il
25 HId opAEo] = 18 2 0.2 0.1 0.2 1.3 0 10
Vinyl acetate
olaRY dFE
26 Isobutyl alcohol 26 5 0.2 1.2 0.3 4.6 0 50
ogddlZelE BB ot HolE
27 Ethyleneglycol monobutyl 18 3 0.1 0.0 0.1 1.6 0 20
etheracetate
28 i 28 2 0.0 0.00 0.1 1.1 0 20
Stylene




20149 FE59 AMm F 7P Bol S4H Nee 7@ 4670= u
E]- on, E}—O—gg g 2 I BrERtE 367, 4*4 367, 2= 1 7713t
A, olikete e 237, 4F

A =7 7P 22 24 7@ 227147%), % 1 F713%HE 267
(72%), 4 3674(100%), A&7 1 F7sit=EGFHE3718eE) 274(100%)
o7 UegeH, dEAR HlEgo] W2 282 F40%), L5% 1 77
shetE(3&37Hee=)(0%), ”2}@%1 2 EF0%), YACHEE 71kt
=)(0%), Astotd(Z3 2 &)(0%), EFrEEH S1%) +o= Yty
(CZEID).



(E 17) 2014 S35 5374+ @ A&245

A= =49 ZXs AENER) EHEAE%)
| Cogiﬁne) 46 2 W% 24 (53%)
2 Lead( Inoga:%cldi: ]8? %Lfne, as Pb) 36 26 (712%) 10 (28%)
3 Tt 36 36 (100%) 0 (0.0%)
4 T2 H—:fuj&;fm%pfﬁi’ sy 27 (100%) 0 (0.0%)
5 Aots e 2 17 (4%) 6 (26%)
6 ki 2 16 (0% 7 (30%
7 Igfgxiﬂi%e 3 23 (100%) 0 (0.0%)
9 Nidi%fﬁml) 13 11 8% 2 (15%)
10 CEl %aigigfﬁ% 1 8 (2% 3 (28%)
11 G 9 0 (0.0%) 9 (100%)
12 Nickel(Insjfli%ﬁganiﬁj}niu%rfd& s N) 5 M) 2 (29%)
13 HAIREE B ) 5 5 (100%) 0 (0.0%)
14 Alurr?iarl—llal—rz](%(e%ﬁggfﬂmes) 4 3 (15%) 1 (25%)
15 TR AE) 2 2 (100%) 0 (0.0%)

Copper(Dust & Mist)




6) 20149 FF&0] L2 LETF

F 2009 £

= <

1.4 mg/mf o2 YephFon,

= 04 mg/n’, &F0lg (FH5EX) 0.4 ng/m’, F2(

1

19 &

H
el

S}
=]

7|2}

9 AE) 0.2 ng/n', Asford(Rg 9

iy

o= ehit

A~
L

) 0.1 mg/m’

kel
=3

o2 0.5 mg/

5}
)=}
=) 0.1 mg/w’, €&F0EEEEX) 0.1 mg/w’, T2

—
Ile}

SH
B

H84d 5715
1 0]AE) 0.1 mg/m' o2 U

SE

3
’

m

o, 7|}

1r
AA

23.7 mg/m’,

o=

77138t
B2) 9.8 mg/n’, A=A} 1

=)

2 (3 =378

o

719}

A
=

mg/m’, LFv|E(F

8.0 mg/m’ &0 bepyiT),

)

oy

__OB

T

(Z&3713}

_c_g_

207).

ir
ar

3.7% =22 YEHTHK



%' 9924
+ 082

+ 95%
= / 90%
T B84%

T 5%

A 1 502

+ 25%

1 16%
/ T 10%

T 5%

Cumulative Probability (%)

0.0000 0.0001 o.o1aa 11,0000
C oncentration{mg m*)

[2" 15] ¥ 2 O F71eeE ke X2k

(B 18) 47t 2 1 7relktE 298E
N H=E U GM GSD probability
11 8 1(11%) 0.4 23.7 16.5%

P

201449 71AZEY
170] 23H11%)sH



= 99%

5%

" E o5

I L aoo

o1 I

/ﬁ/ 549
= T E% R
[ - o
L 5o 8
T ]
[ o
o
= oo 3
T =
i
L 0% 3
n T O

WAl 5%

E oo

1%

0.0001 0000 0.0 0.1 1 10 100
C oncentration{mg/m*)
(17 16] Atstd BXA 9 3 &5 BIL,
(E 19 451d B3 9 & 2988
N H= Z 3} GM GSD probability

23 23 1(8.3%) 0.2 13.3 9.3%

20149 7AwS 9% STl Askd 21 2 & HE 231 S 1A

i=|
o] 2MB.3%)stAoH, &7FS 2T FE2 9.3%AH



(B 207 20149 3559 a5 ¥ &84
A 239 2 3% 55wy oA Za o e
(AM) (SD) (GM)  (GSD) (mg/m’)
| JIsrg e ﬂi%e 23 23 14 26 0.2 133 93 5
2 Kkl %]Aafgf;g?@% 18 0.4 0.6 0.5 237 165 1
3 ﬁiji(hij%?si) 4 17 04 1.0 0.1 98 03 10
4 Cj;‘je%%:f‘?f&)w 2 2 0.2 0.2 0.1 3.0 2.7 |
5 HRITAGED B8 5 s 0.1 0.2 0.0 45 0.3 2
6 ?ﬁfmﬁﬂ{ffﬁi?i??ﬁ 27 27 o1 0.1 0.0 8.0 37 05
7 Nidif%ff;zmb 3 11 00 0.1 0.0 5.7 07 05
8 HAOR8A FrlekeE) 14 14 003 004 013 3.0 34 01

Nickel(solubal Compounds,

as Ni)



= - A& BE 715} 718t L. kE
aw 279 O3 ws owm omz zux OF e
YT (AM) (SD) (GM)  (GSD) 7 (mg/m’)
9 ClAstE B 23 16 0.0 0.01 0.0 43 0 10
Titanium dioxide
S8 &
10 Aluminum(Welding fumes) 4 3 0.0 0.01 0.0 2.2 0 5
11 A 36 36 0.0 0.01 0.0 4.4 0 2
Tin(Metal) : : : :
12 e &) 46 22 000 000  0.00 2.2 0 0.1
Copper(Fume)
¥ 90 RseE
3 e Inceganic dust & Fume, as Pb) 36 26 0.00 0.00 0.00 2.0 0 0.05
YAEgA F75dE)
14 Nickel(Insoluble Inorganic compounds, 7 5 0.00 0.00 0.00 3.1 0 1

as Ni)




7 20143 4 9 dAE RO SAHXNR F AYH A+ 2 EFE
A 4l dZhe|R F wo] 2AHH Ag £og2E 3 204, AskeA 194,
FASIGER 1474, 24 1402 eyt

AZ v]Ego] e Lozl FAIER(100%), 2AH100%), A (58%)
AStr+A(BT7%) 02 YERGTHI(E21D)
(E 21> 20149 4 2 A7 SHAs 9D A5
A= =44 ESJAM =7 HEAN=Z (D) EHEANE(D)
SHAE
1 ufuric acid 29 17 (58%) 12 (42%)
TABIGE &
2 Sodium  Hydroxide 14 14 (100%) 0 (0.0%)
LS
Hydrogen Chloride 19 7 (37%) 12 (63%)
4 ZAF Acetic Acid 1 1 (100%) 0 (0.0%)
8) 201493 At A &ZA {7 L2& LEqFF
AF d el S5 Aksdato] =7 bt £02= 24 0.4 ppm, E3Fe
2 0.06 mg/m’ , B4 0.02 mg/m’, FARPYEE 0.02 mg/m’ =02 WEFHT
|stgto] =2 Ed2 FARMMERC=Z 0.07 mg/w’e]a, 242 54
A7 170]7] W&o Z]staswHat, 23E8-S 51 Eﬁ}oﬂt}.
HxL7b 7P we EAL FAtoR 46 mg/mo|¥Al, ZibES
e sfof & Aol FAITH(IE22)).

EEE
1.8%2 71 Fola)A



Y

CE 22) 2014 4t

I"

H—‘
N
A
o,

=7 s A= iz 75} 7ok =g kE
Skl =47 g . o g e
A A Bt ik B wEEWA () 71
F3tra 1.5
Hydrogen Chloride 19 7 0.06 0.12 0.02 4.5 0.1 ng/
AL 0.2
2 Sulfuric acid 29 17 0.02 0.03 0.01 4.6 1.8 g/ 1
SASHIE R 2
3 Potassiom ydroxide 14 14 0.02 0.09 0.07 3.6 0.4 g/ 1
ZA4F _ _ _ 25
4 Acetic Acid 1 1 0.4 0.349 ppm




= T 100% A== AR 23)).
Ategdo]l B2 ¢o2E 84 F ¥ 24 53 g/, Ve FEAY X
0.7 mg/m’, HFREHN(FAEL] 7 RE ) 0.6 mg/nd, 7|8k BXGHEFA
AAA 1% ©lsh 0.03 mg/m’'= Yetsteh. 7|stg«, ZIstasdart 7MY =
d Bolgon 2WEE 28%= =QITHI(E 25)).

(E 23) 20149 BRSO SAHAS 9 HEAS

o] =2 _ _
= =49 ;ifi HEAN= (%) SHEAN = (%)
84 & 2 22
1 Welding fumes and dust 10 10 100(%)  (0.0%)  (0.0%)
71t F=4d B3
2 Particulates 5 5 100%) (0.0%) (0.0%)
EAEZ
(A=) 78 BRE F)
3 Wood dust(All other 4 4 100%) (0.0%) (0.0%)
species, Inhalable fraction)
71et B3
AtetAa AAHA 1% ©lsh
4 Particulates not otherwise 1 1 100%) (0.0%) (0.0%)

regulated(no more than 1%
crystalline silica)




A

=

S
— W

|
.

l““ﬂ-!

5%

2%
1%4

0.0 0.0 0.1 1.0 10.0 100.0
C oncentration{mg/m*)

[ 17] 84 & 2 23 =&k 225,

(2 24) 83 & 4 B z9&E

TE%

J[ ’/' t 50%

25%4
16%%
10%%

H9%4
H5%4
95%4

0%
54%4

Cumulative Probability (%)

N H=E = GM GSD probability

10 10 4(40%) 1.6 7.0

28%

20149 84 & % 242 dE 104 F 440] 2740%)stAeH, =&



(B 25) 20149 A L&4F 2 EEA

- . As EE2 A% A . e
Q 271 a2 82 ms omx we mzwn UF o
T =T (AM) (SD) (GM)  (GSD) 7 (mg/m’)
83 & W By
1 Welding fumes and dust 10 10 5.3 6.7 1.6 7.0 28 5
R A H
2 7 ]T} g27d =4l 5 5 0.7 0.7 0.5 2.4 0 10
articulates
EAEZ
A= 7e E &)
3 Wood dust(All other species, 4 4 0.6 0.0 0.6 L1 0 !
Inhalable fraction)
7ep 221
AEehta B-A 1% oloh
4 Particulates not otherwise 1 1 0.03 - 0.03 - - 10

regulated(no more than 1%
crystalline silica)




10) 20159 §7184g29] 2444 9 A2 A%

20159 f713kEY] AE 5 7P ®ol S3E Ases 254 161710
Uetgen, thgoes A 1507, HEolAR
1344, Algz it 1 g
= e,

AEANEZL 7P B BEL bU-dit 773Q7T%), EFQ 4670(28%),
olangHAE 41AQBT%), oMHE 2671(41%), HE22HEr 22A(50%) &
o2 yeigon, HAEAR H[Eo] ¥ EH2 1-EERIaR (0%), 24E
Al of&EE(8%), EHA(8%), HHEEFOME(50%) =22 UEHTHKR
26).

CE 26y 2015 §7181=29 A4S 9 AEds

| sl 161 46 (8%) 115 (72%)
2 %yﬁil 150 14 (9%) 136 (91%)
3 Meﬂ%ﬂfﬁjﬁ?ﬂine 138 12 9% 126  (91%)
4 n}fl‘f%iﬁe 134 77 57%) 57 (43%)
5 g;i%jﬁe 134 2 Q% 132 (98%)
6 Cﬁiﬁjﬂi@ 133 7 (5% 126 (95%)
7 h?ﬁ;%ﬁ%ﬁil 109 41 (7% 68  (63%)
9 P 63 26 41%) 37 (59%)
10 ol 2 Al 5410 (19%) 44 (81%)

Ethyl Benzen



1 ol 53 11 Q0%) 42 (80%)
12 e 49 15 G0%) 34 (70%)
13 Etiﬁﬂfm 477 (4% 40 (86%)
14 Iszﬁ‘;ffffol 45 1 Qw44 (3%
15 pEend 44 22 (0% 22 (50%)
16 'ﬂ\fn;}fﬂ;’f 3 2 (% 36 (95%)
17 Per E‘—Llifjh%ffne 4 4 0% 3T 019
18 n?ﬁj‘iﬁie 40 4 (0% 36  (90%)
19 Zz_ﬁf;;jh?n%ol 39 6 (15%) 33 (85%)
20 Hfﬁgﬂ@ 1 Qw3 (98%)
21 Sfyif—]e 38 2 (%) 36 95%)
22 Zfﬁﬂxﬂfﬁﬁgf 38 1 Qw37 (98%)
23 Z%iﬂigj(ngg;%ﬂ 36 6 (16%) 30 (8%
24 M;:L% Q:SEFQLEHC 36 4 (1% 32 8%
25 szﬁiﬂ)x"jfh‘jﬁﬂgf 36 1 Qw35 (98%)
26 n—Butl}]f_IﬂE;I_c f‘h%%;j‘j—é% ano) 361 0®m 35 oW
27 D?sz]ﬁf;%kﬂie 36 3 8% 33 (9%
28 sec—Buct)}]llﬂa_lfc—)?Eo%i%utanol) 3 4 (11%) 32 (89%)
29 it 2 36 6 (16%) 30 (84%)

Methyl acetate



=] 74i/\]§ ‘ﬂ745</\]ﬂ
27 = a= =a=
AT 29
30 n—Propyl acetate 36 L Q%) 35 (98%)
ZAtolAx g g
31 [sopropyl acetate 36 6 (10%) 30 (90%)
EdZYZ HiHE olAHoIE
32 Ethyleneglycol monobutyl etheracetate 35 2 (%) 33 O5%)
ZAto| A RE
31 leobutyl acetate 20 0 00% 20 (100%)
32 IPhas et 11 11 100%) 0 (0.0%)
romopropane
EfZ22ogEd
33 Trichloroethylene 5 0 (0.0%) 5 (100%)
133 2]
34 oot el= 4 0 0.0% 4 (100%)
Ethyl acrylate
35 Hrl g S0 2 1Gowm 1 (50%)

Dimethylformamide

11) 20159 {71829 224 &5

20159 S3H A& FoAA AEH A= 5 Adeddol 7P =2 242
OMME 184 ppmol =z YepFon o]lAmZdedF 183 ppm, |I-HEEZRIZ
¥ 12.7 ppm, -84 12.0 ppm, HEANEAE 4.4 ppm, ZAHE 3.0
ppm =02 UERT

ZIstREHAL 7MY =2 242 2-HEA] ofeE 254 ppmo= UERY
o, HolARHEAE 19.8 ppm, HE OtNHIO|E 18.4 ppm, AlE=3Al=
17.5 ppm, Z4H€ 10.3 ppm =22 UETH

ZAF
AZE A2 = L2728 2101880] 2o 2o |-Hzunaw 18.1%
o= 7HF =39ty v OMMHIOIE 6.7%, H-SIit 6.9%, tolAREAE

42%w=0 2 YEPFTHE 29)).



99%
 05%

E 55%;

F O0%
wHHE B4%

m L 5o,

T 50%

- . 25%
4 o T 16%
0%

5%

/ i

T 124

0.0m .01 0.1 1 10 100
Concentration{pprn)

[O1F 18] 1-BEERr =29 L &35k EXh

Cumulative Probability (%)

N H=E z3} GM GSD probability

11 11 2(18%) 4.1 7.2 18%

20159 A7]-AZF GFolA 1-BERRIiZw HE 1174 F

(18%)stRom, &75s 238 82 18%AU



= 99%
F S95%

+ 952

F aoe
T 54%

750

T 50%

F 25%

!

Cumulative Probability (%)

i 10%

a F 522

i
T 1%

0.0 0.1 1.0 10.0 100.0 1000.0

Concentration{ppr)

[19 19] =E-34F 255 2EL.

N H= Z 3} GM GSD probability

134 77 1(2.6%) 4.8 4.8 6.9%

71 5 1ol =3t



(E 29> 20159 f713tdES] LeaaF 2 254
= = At R 715} 7]ot® . = =
A 27y 32 1T wa wa @@ gun S0 =EIS
=T =T (AM) (SD) (GM)  (GSD) ¢ ppm
SIS
1 N 63 26 184 397 4.6 6.5 0.6 500
cetone
T2 moke
2 olarmad3 109 41 183 478 2.0 8.0 18 200
Isopropyl alcohol
3 -HE2R Z=g 11 11 127 200 4.1 7.2 18.1 25
1-Bromopropane
=
4 et 134 77 12.0 14.8 48 48 6.9 50
n—Hexane
HEo e E
5 Methyl eyl keroneM.EK) 71 18 4.4 10.3 0.8 6.3 0.1 200
=20
6 =7 161 46 3.6 13.0 0.3 72 0.4 50
Toluene
zZA e
7 Mot aomate 36 6 3.0 2.8 1.1 10.3 13 200
g X goin = _ _ _ _
8 Dimethylformamide 2 I 2.9 2.9
ZAto e
9 Ethyl acoate 47 7 2.5 45 0.7 6.1 0 400
e
10 N 49 15 2.3 7.4 0.4 42 0 200
e
11 sec-Butyl aleohol(2- Butanol 36 4 2.0 3.2 0.4 9.1 0.6 100
|
12 HI'd opAEo] = 42 2 16 3.0 0.1 18.4 6.7 10

Vinyl acetate



= = =y BT 7|5t 7ot E . = =
o1 247 28 wme  wx owe  ogmn OHF mEIS
=T T (AM) SD) (GM)  (GSD) ¢ bpm
Ho|AREAE
13 Disobuc Fetene 36 3 1.3 2.2 02 198 42 25
]
14 1od 150 14 1.1 15 0.4 57 0.1 100
ylene
HZgzogdd
15 Perchloronthylonc # 4 1.1 0.9 0.5 6.6 2 25
3l
16 AEEeiie 133 7 0.9 13 0.1 175 22 25
Cyclohexanone
T Z AFHE E]
17 AR 40 4 0.8 0.7 0.5 32 0 150
n—Butyl acetate
o HlAl
18 Echol Bersen 54 10 0.7 1.9 0.1 52 0 100
Heo|lAREAE
19 Methyl Bebuedl Ketone 138 12 0.5 1.1 0.1 4.6 0 50
2-HEA] oer-E&
20 P oyl 36 6 0.3 0.5 00 254 17 5
z A =i |
21 Fato]an2d 36 6 0.1 0.1 0.1 1.7 0 100
[sopropyl acetate
wo-ngdag
2 36 1 0.1 - 0.1 - - C50
n-Butyl alcohol(1-Butanol)
23 o 53 1 0.1 0.1 0.0 3.5 0.4 1
enzen



= = A R 715} 7lst® =
o1 247 28 wme  wx owe  ogmn OHF mEIS
=T T (AM) (SD) (GM)  (GSD) PP
= it o
24 Ealz=d 36 1 0.1 - 0.1 - - 200
n—Propyl acetate
o) AR YT _ S
25 Isobutyl alcohol 45 1 0.1 0.1 50
26 i 38 2 0.0 0.0 0.0 1.1 0 20
Stylene
V_ = HE]
27 - 2ate g 40 4 0.8 0.7 0.5 32 0 150
n—Butyl acetate
kel
28 H“”ﬂ% 38 1 0.3 - 0.3 - - 400
eptane
2-HEA] ofHolA|Ho|E a _ _
29 2—Methoxyethyl acetate 36 ! 0.0 0.0 >
2-HEA OB
30 > Byl 39 6 0.1 0.0 0.0 3.8 0 20
2= EA] ofHolAHo|E _ _ _
3 2—-Ethoxyethyl acetate 38 ! 0.0 0.0 >
13| — ]
3 e n-ordA=E 36 4 0.2 0.2 0.1 5.0 0 50

Methyl n—amylketone




12) 20159 5249 Z4N% 5 A9 A%

20159 FE59] A 5 7FY Bol S4H ANEs 74 46700E UE
on ooz T (F) 454, 2(FH) 3570, F ¥ 1 FIEEE 2
E|l=3t 1 39HE 127, oliStE e 94, Agkd B3 9 & 87 o
LFERSL T

AEABZE 7P B BEZL T4 357106%), F2(&) 14431%), &
%) 1271(34%), A7 1 F713R=EE 3718kE) 1271(100%), —’,EEE
Uelton, AEAR Hgo] ¥ BFL QEEI I SIE (0%), ©l4Hst
ElEHE(0%), ¥ 2 I 71885 0%), Ashta(0%), 4Astotd(0%)2
ERFTHCE 30)).

\l

13) 2015¢ 259 422 L2455

20159 245 A2 Folq B2E AR F Aol /MY ko BhL
FHEA 2 mAE) 0.01 mg/m'e2 YEGon, Atskd Bz 9 & 0.01

mg/m’, AAFSIOFEIR 0.003 mg/m’ &0 2 LERTH

St RERATE Y E2 BAL ARISIER 87 mg/wt, ASPoRIvlE
5.9 mg/mi, Astotdd(B @ F) 3.7 g/ £ et

ded A= T =F57|ee 20EC] itsierE 2ol 0.1% Hebdth(GE
3.



€:1

30> 20154

A%
ENE%)  =HEANR%)
11 (24%)

375 4

Ay e LER:

46 35 (76%)

45 14 (31%) 31 (69%)
(34%) 23 (66%)
(59%)

A

=
12
13

Tin(Metal)
T (&)
Copper(Fume)
o34
Ver(Meta) 35
w2 FTsRE
Lead( Inorgamc dust & Fume, as Pb) 22 9 “%)
o 12 0 %)
12 (100%) 0 O%)
9 (100%)

erel2at 1 s

12 (100%)

Antimony & compounds, as Sb
g AT 1 RsRsEEERE |,
Chromium(1Il)compounds, as Cr
ol4telE| e
Titanium dioxide 9 0 (0%)
A]-QJ.;GH _g_
8 Iron Oxide, as Fe 8 6 (75%) 2 (25%)
A= E5(EH &)
Aluminum(Welding fumes) 8 (37%) 5 (63%)
6 4 66%) 2 (34%)
2 (40%) 3 (60%)
0 (0%)

9
Atsotd (B3 9 &)
Zinc Oxide
5 (100%)

10
UA(E84 F71ekdE)
Nickel(Insoluble Inorganic compounds
5
(60%) 2
(67%)

3

(40%)

11
as Ni)
Areht vl
12 Magnesium oxide
(Inhalable fraction)
dFrlE (FE5E4)
13 Aluminum(Metal dust) ) 3
T (EALRAE)
14 Copper(Dust & Mist) 3 L (33%) 2
Akslobe]m
HsirEE 3000 0 (0%
Antimony trioxide

15



=247 SN HAEAN=E%R EEEA=E%R)
7w g nossle
16 S %41 F1eE 2 0 0% 2 (100%)
anganese
AVt A(EAA 49)
17 FE|(BEALn| AE) 2 0 (0%) 2 (100%)
Copper(Dust & Mist)
YA(F%)
Nickel(Elemental) 1 L (100%) 0 (0%)
s
dejordl 1 0 ©® 1 100%)
1 1 (100%) 0 (0%)
1 (100%) 0 (0%)

18
19 Zinc Oxide
" ezl (v 259 )
Aluminum(Pyropowders)
7w 9 11 Siek=E
Cadmium and compounds, as Cd 1
(Respirable fraction)

21




(E 31) 20159 3=

o =3 #dz M& X % Jsm  zns o=
il =4 PO 72 oy =} oy =3} (%) =S
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ABSTRACT

Analysis of Occupational Safety and Health Institutional
Systems, Management Status and Workers™ Injuries in

Gaesong Industrial Complex

Choi, Sang Hee

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

Hansung University

Gaesung Industrial Complex (GIC) located in Gaesong city(North
Korea) is a specially developed industrial area by an agreement between
South Korea and North Korea. North Korean workers were hired by
South Korean Industry in GIC. Special regulations were developed to
apply to Corporate, employers and workers in GIC. As a rule on the
occupational safety and health in GIC, the Regulation on Labour Safety
was promulgated by the Commission of GIC Management.

This study was conducted to review the occupational safety and health
institutional and legal management systems and current status in GIC.
Also it was analyzed the occupational injury rate for 2006-2015,
workplace measurement results of 2014 and 2015, and results of

workplace visiting services for occupational hygiene in 2015.



The results were as follows.

1. Number of workers in GIC in 2015 was 820 from South Korea and
54,988 from North Korea. Total number of industry was 125 and 123
industries were in normal operation in 2015. Number of Textile-industry
was 73(58.4%), Machine-Metal 24(19.2%), Electric-Electronic 13(10.4%),
Chemical was 9(7.2%)), Pulp-Wood 3(2.4%), Food 2(1.6%), Non-metal
1(0.8%).

2. Occupational injury rate in 2006 was 0.44%. It was 0.31% in 2007,
0.23%(2008) and 0.10%(2009). From 20104 to 2015, it was 0.038%,
0.021%, 0.044%, 0.022%, 0.067% and 0.052% respectively. Occupational
injury for South Korean was high than that of North Korean.

3. Workplace monitoring was firstly conducted in 2014 for the 33
industries which were selected based on chemical usage amount. In 2014,
total number of samples were 4,424. Among them, chemicals were found
in 2,627 samples(59.4%). Two of 2-methoxy ethyl acetate among 3
samples exceeded the Korean Occupational Exposure Limit (K-OEL).
Three among 15 benzene samples and 2 of 3 methanol samples exceeded
the K-OEL. One of 8 manganese samples and 1 of 23 oxide iron and
dust samples, 4 of 10 welding fumes and dust exceeded the K-OEL

5. In 2015, workplace measurements were conducted for the rest, 88
industries. In 2014, chemicals were detected in 596 samples among 2,410
samples. Two of eleven 1-bormoproane samples exceeded the K-OEL,
and one of 77 n—hexane was exceeded.

6. Workplace health consulting services were made upon request of the
Commission of GIC Management in 2015. The visiting services were
made once for 95 industries and twice for 28 high risk industries.
Recommendations were made for improvement on Material Safety Data
Sheets(MSDS) for 115 cases, Personal Protective Equipment (PPE) for 74

cases, Ventilations for 32 cases and Workers Training for 9 cases. It was



found during the second time visiting that corrections were made in
industries of 35% for PPEs wearing and notice, 32% for MSDSs, and
19% for Ventilation Systems, However, it was found that no workers

training was made.

[Keywords] Gaesong Industrial Complex, North Korea Occupational
Safety and Health. Gaesong, Workplace Measurement,

Occupational Injury
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