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National Kaohsiung First University
of Science & Technology

91 10 1
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® 90 11 91
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of Science & Technology
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b s univarity D g e, g Untvrsity D
*11/23 / &
+ 11/2001~9/2002 10 “12/02 /
. 3 5 2 *12/14 /
.« 2/27 /
. 2 321 /
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2 «6/30 /
1 . 7125 /
« 8/10 /
9 * 9/02 / LPG & 1o

National Kaohsiung First University National Kaohsiung First University
of Science & Technology of Science & Technology

/




National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology
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of Science & Technolog

National Kaohsiung First University
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National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology
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of Science & Technology

National Kaohsiung First University
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National Kaohsiung First University
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National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology
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32

National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology
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National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology
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National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology

. <4
. <8
° <12

P NT$4,000
P NT$8,000
P NT$12,000

b free..?
b caseby case
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National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology

[ : /

° : EPA/NKFUST Southern Center for Emergency
Response of Toxic Substance (ENSERTYS)

® Logo:
IE.NSERTS >

National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology
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National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology

° 16/10/1996 /
/

° 3/10/1997 /

] 11/23/2001 /

Yosu

10/14 09:00
15:00

10/15 02:10
3,000
02:10 (5kglcm2)

09:40
D1 ( 30 )

C1,C2C3 D2

28

)

C1C2,C3 D2

5
(

(

10

900

)

National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology

fire & rupture
position

10/16 00:10

00:15 C3 (
(5kglcm2)

02:10

17:59 (
18:30 ) 500

19:30

114

200

10

11
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National Kaohsiung First University @ National Kaohsiung First University @
of Science & Technology of Science & Technology

Property | Test method | HS-220 |

Distillation range D1078

Initial boiling point,  MIN 75 l

End point, MAX 350

SP Gravity at 16.6 5.6 MIN 0.80 :

Flash point  MAX D93 36

Colour, SAYBOLT D156 22 o

Sulfur %WT D1266 0.05 |

Aromatics by vol % MIN D3120 30

alphatics by vol % MAX D811 70

Viscosity Kinematics Cst (40 ) 3.0

15 L 16

‘Gases from facility - Gages from facility

National Kaohsiung First University - )
of Science & Technology

Atmosphere
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EO EO

LD502mg/ kg( )
LC5®O0mp/m4 H

100ppnY6H( 6-15 ) 100ppm/6H(
6-15 )
ACGIH A2
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ETENERNEANEE

(Hazard Identification & Information Gathering)
SEITREE TR NS

(Consequence Analysis & Dispersion Simulation)
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H : Hazard Identification S S HEE
o JHERE Bt Isolate) « &EHiE A (Deny Entry)
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oFIEEER « (UNEREDE
e EEETASE
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SIZE-UP(S¢1551E)

«An estimation or an evaluation of the condition
from which &n apinian or judgment can be formed
(EEH ST RIS ERITEEE

«Size-up cannat be delayed,nor can it b a time-
consuming process | SEHE BT T EERE )

«Size-up & never completed until the sifuation is
mitigated and complefely under controll SRS
B — AT

«Size-up and evaluation is the job of ak personnal.
What one person can see another may nol{ SESERIS
FE—EABNIHE

e

SIZE-UP(SimEReS)

{218 | EETENEEERETM(dentiy)
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A, : Action Plan {TE) 53 L
+ STRATEGY AND
TACTICS(BRBE R ER4iT)
. OFFENSIVEOREE)  &f
+ DEFENSIVE(B5SF)
« S (First Aid) ~ {8 ABGEE(PPE) ~ B
(Fire) ~ LEFR(Spill) -~ R (Rescue).
v RETENRESTIRS (priority)




DECISION TREE(FRE#)

MAKE DECISIONS ON

SIZE-UP OF
— ACTIOMSSTRATERY

NCIDENT FACTORS
|

|
REEVALUATE AND OBJECTIVES

SPECIFIC GOALS

CHANGE FAVORABLY TACTICAL OPERATION

e e mr—— e ——

RECEVOR

1.Rescue ( BUE/HRET )

2 Exposure ( P51LEIREE )
3.Containment! Confinement [ B8 )

4 Extinguish ( #iRUHEERES )
5.Ventilation ( #E3 )
6.0verhaul | #5542 )

7.Recovery (£ )
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M : Managing B EEREERE
-Provide for brigade safety and survival| ABEEZ2)
Envirenmental protection[RERE)
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FERMEEA
INCIDENT COMMAND SYSTEM
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ICSEEEELEE

458 F Incident Commander

lﬁlﬂ! ¥ Info. Officer
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An Incident Command System organizational charl is a
graphic display of
«Common Teminclogy(FHBIVEREE
Functional ResponsibaityBEIEAERH)
Modular Organization| 8558 { L A EE4H8)
+Unity of Command(Bi = B BE—AWEEE)
-Span of Conro{ FIEVST2EEE)
«Communications| 38 B EHEHRER

—

A, | Assistance §HRZiE
LYN=L0F3 i
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eEENTE
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T : Termination &35 ~ =&
* ARIRSIRE
S HRNFNREAEERIMRSEM R
oFIBEET | WiBEFETR

- T A

EERREERE

1JREE ( Orientation Exercise )
ERTRICS{ER S AR

23RS WEE [ Tabletop Exercise )
SHEEEPHEE

3.8 TCEIME ( Functional Drill )
St EEREET

LS ( Full Scale Exercise )
-ERTRIC(EMEET)
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(07)8715171-249 (07)8717289 25
1 237
, (07)8718138 (07)8718137
(07)8718361-107 (07)8718384 a7
3 101
) (07)8718666-6307 (07)8714610 17
(@)
No. / /
(07)5824141-2199 (07)5870947 13
1 3555
, (07)3621111-239 (07)3612446 66
(07)3653592-732 (07)3612458 16
3 (07)3654230
) (07)3615141-127 (07)3616489 51-1
9 )
No. / /
(07)8021111-3097 (07)8023470 1
1 2996
, (07)8021111-6895 (07)8030424 42

6896




; (07)8713492-251 (07)8714233 45

. (07)8021864 (07)7114386 21

] (07)8712268-131 (07)8712296 16 1,3

] (07)8712375-30 (07)8714723 3
(07)8711161-701 (07)8715487 34

7 710 711 817

. (07)8713181-304 (07)8715443 26

. (07)8716767 (07)8717002 2

(15 )

No. / /

. (07)3331101-278 (07)3347089 39

, (07)8218835-302 (07)8410075 5

] (07)8121712-130 (07)8313394 1 1,3
(07)8113400-14 (07)8226739 2

4 (07)8318492

] (07)8156353-15 16 (07)8156467 1,3
(07)8214121-242 (07)8215890 11 1,3

( )




] (07)3353608-757305 08
. (07)8216151-195 (07)8216153 1
(07)8217111-548 (07)8414690 4

9 570

0 (07)8152077 (07)8111990 1-24

" (07)8214796 (07)8220269 3 DI

b (07)8419755 (07)8418990 2

B (07)8216121-215 (07)8122996 5-1 DI
(07)8310244 (07)8418780 2 DI

14 DMF
(07)8157220 (07)8157642 30-2 TDI 24-TDI

15




(33 )

No. / /

1 () (07)6176672 (07)6170673 1 66
2 (07)6116101 (07)6119059 1 52
3 (07)3512161-230 (07)3513035 8 61
4 (07)3513521-280 (07)3553971 1 51
5 () (07)3513724-341 (07)3523550 3 46
6 (07)3216777 (07)3113367 121 18 9 63 64
7 (07)6230992 (07)6230991 3 66 55
8 (07)3513811 (07)3514705 2 52 62 84
9 () (07)6962400 (07)6967100 379 3
10 (07)6223171-231 (07)6219804 6 55
11 (07)6230952 (07)6218064 234 49
12 (07)3513795 115 55




13 () (07)6222491 (07)6222493 1o 51
14 () (07)6963331 22 51
15 () (07)6219171 (07)6222620 5 52
16 () (07)3511318-9 8-1 61
17 (07)6162111 475 63 64
18 () (07)3514121-21 (07)3512751 31 38
19 () 9 98
20 () 1 3 101
21 (07)6176672 (07)6170673 27 79
22 (07)7318825 (07)7334915 14 74 79
23 (07)3822526 (07)3840112 61 79
24 () (07)6222999 (076222988 485 102 73
25 () (07)6971081 (076965783 47 73
26 (07)6116706 (07)6110436 290 80-2




27 () 513 138 46
28 () 1 103
29 (07)6114111-231 11 80-2 146
30 (07)7325959 1 74
31 () (07)6217559 (07)6225804 165 66
32 15 89
33 () 55-10 64
(19 )
No. / /
1 (07)7873666 12 64
2 () (07)7873568-217 (07)7871433 9 51
3 (07)7883714 (07)7884762 12 49
4 (07)7883714 (07)7884762 1 49
5 (07)7873655 40 61
(07)7872713
6 () (07)7876150 76 49

(07)7870420




7 () (07)7312226 (07)7310740 135 50
8 () (07)7873246 (07)7873431 12-1 50
9 () (07)7872405 (07)7872405 52-1 63 64
10 (07)7873959 (07)7873953 20 55
11 () (077871013 (077871697 26 55
12 () 17 22 64
13 () (07)7881165-268 (07)7871710 8 1 101
14 () 42 129
15 () (07)7873740-640 (07)7871926 13 66
16 () 8 72
17 () (07)7873645-114 (07)7871767 30 51
18 () 20 64
19 408 74




(18 )

No. / /

1 ( (07)3743213 (07)3714868 10 51
2 ( (07)6419911-132 (07)3716424 100 49 51
3 (07)7424333-211 (07)7428779 94~2 50
4 (07)7420147 (07)7420140 94-3 51
5 (07)6512077 (07)6520801 128 49
6 (07)7311111 32 49
7 (07)6512207 (07)6513063 103 51
8 (07)3711301-321 (07)3710819 14 51
9 (07)3741145 199 4 66
10 (07)2261003 329 1 46 55
11 6 46
12 (07)3711621 (07)3711911 402 117




13 (07)3711721-311 (07)3714268 330 82-01 146-01

14 (07)3714906 (07)2313273 91 46-01 46-07

15 () (07)3713131 (07)3713157 73

16 (07)3711279 (07)3716196 103

17 () (07)7614802 401 50

18 34 46
(14 )

No. / /

1 () (07)6426311 (07)6418324 6 61

2 (07)6429492 3 52

3 () (07)6413201- 357 51

4 () (07)6414511 52

5 () (07)6432201 1 49

6 () (07)6419911-132 (07)6425583 1 49

7 () (07)6412921-27 (07)6421531 9 52




8 (07)6413101-2301 (07)6419504 61
9 () (07)6431247 (07)6425426 9 52
10 () (07)6413621-241 (076424828 51
11 () (07)6413301-560 (07)6412623 61
12 () (07)6419966-137 (07)6410537 11 104 117
13 (07)6412601-202 (07)6410641 3 146-01
14 () (07)6413501-362 (076421087 3 73
1)
1 0 (07)6562111-758541 (07)6563191 35 55 115




No.

/

/

(06)3560511-6071

(06)3551637

98

(06)2353535-2115

(06)2766157

138




(10 )

No. / /

1 () (06)6563811 (06)6562845 o
2 ( (06)6529530 (06)6529431 .
3 ( (06)6362121 (06)6351165 168

4 ( (06)2245028 (06)2288998 66

5 () (06)6223865 (06)6223856 91195
6 ( (06)6223200 (06)6221700 302 108
7 () (06)6223211 (06)6220114 007
8 (06)6982115 (06)6989457 6 68
9 ( (06)6981186 (06)6987905 -
10 ( (06)6532110 (06)6530941
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No. / /

1 (06)6992273 10-1
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4 () (06)6987947 (06)6988946 9
5 () (06)6984551 (06)6986340 29
6 () (06)6985911 (06)6984521 1
7 () (06)5838211 (06)5831843

342
8 () (06)5837608 (06)5830024 20 340
9 (06)5052000 (06)5643820

(

)
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No.

/

/

1 () (06)5050885 (06)5050030 1 049 156
2 () (06)5991226 (06)5996776 1

3 () (06)5051888 (06)5051890 L

4 () (06)5050999 (06)5051723 6

5 () (06)5054888 (06)5053899 20

6 () (06)5912055 (06)5912677 .

7 (06)5991785 (06)5011433 "

8 (06)5772942 (06)5772943 154

9 (06)5991785 (06)5011433 16

10 () (06)5781901 (06)5782804

87
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No. / /
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6 () (06)2681911 (06)2673424 1126
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| PA

H [ PA

( )
. (Poal fire)
- MAWP(4 kg/cm?G)
- MAWP(4 kg/cm?2G) /

B SEX sub-main
damper main duct

( H,SO, HF ) '
- SEX  main duct
. Sub Fab

EERIC =
Y 6 ¥ Industrial Technology Research Institute
- Neith
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Technology Development

-1119-v1.0ppt




Vapour Space

Liquid

Expmndng
s Chaud
- " 1
wiaemal
| Weems | w . Wessel

T L 1T Fraomenn

Instantaneous or catastrophic release

E—

Linerelease

Vessel

Released matfi

Rupture point
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| PA

( )

(pool fire)

- LEL
- TEEL-2: 400 ppm:
(m)

- TEELs
Temporary Emergency

2%

Exposure Limits (15min)

154s
Os 7.72s 232s

PERIC

-1119-v1.0ppt
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| PA

(m)

8.5m

14.8m

4.0 kW/m?
20

0%
12.5kW/m?

1 1%
37.5 kW/m?

100%

MERIC

-1119-v1.0ppt
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0.02068 barg |
(m) « "( 95%
o e )
) 10%
: 0.1379 barg [
( )
A ey 0.2068 barg
0.1656~0.8411 barg (3000I )
1~99% e
1.0686~1.9994 barg 2743m coiam
1~99%
EERIC =
Y2 11 % Industrial Technology Research Institute
L) e
-1119-v1.0ppt
(psig) (barg)
0.02 0.00138 137dB. 10~15Hz
0.04 0.00276 I
0.15 0.01034
03 0.02068 i " 95%
10%
0.7 0.04826
13 0.08963
2 01379
2~3 0.1379~ 0.2068 ( ) |
2.3 0.1586
2.4~12.2 | 0.1656~0.8411 |1~99%
3 0.2068 (3000 )
3~4 0.2068~ 0.2758
57 0.3447~ 0.4826
7~8 0.4826~ 0.5516 (8~12 ) |
8 0.5516 12
10 0.6894 (7000 ) (12000
)
15.5~29.0] 1.0686~1.9994 |1~99%
MCERIC =
% 12 %
L

-1119-v1.0ppt
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BLEVE

Fireball
(m)

: Feaciation v dietance for BLEVE :':-s::- L P— 4.0 kW/mZ
. mom — | |
¥ 4 | Veraiher 0 13 mf 0
20 I ATHER 0%
- 1 Canmh 12.5 kW/m?2 I
. om
| 1% 4 1440 m 1 1%
1
- 257.4m 37.5 kW/m?
.:,_I ; v
: iy 100 1
3 100%
e Dsiaree nm
MERIC I'—
¥ 13 ¥ ‘[ Industrial Technology Research Institute
= %mgvgyzgm;smsyay& Health
-1119-v1.0ppt
2.
(W/m?) |
375 1
100%
250
158 (
) |
125
1 1%
9.5 3 20
4.0 20 |
( )
0%
16

MERIC
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100 :
60—~
! |
10 .
R .
1 : —
. o 100%
i Lo 50%
! 1251
0.1 Y A2 | 1%
1 4 10 %75 100 1000

kW/m?
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IPA )

IPA

(pool fire)
H | PA

(deflagration)

¥ 17 ¥ Industrial Technology Research Institute
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73:\7 ()

| VEX

FAB
(VEX)

¥ 18 ¥ Industrial Technology Research Institute
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- API 2000 & BS 7244 (British Standard Specification) code | £

(deflagration)
(pressure & vacuum relief valve)

(incinerator flame shell)

(detonation )
FAB

MERIC 3
Ya 19 % Industrial Technology Research Institute
) gener to Emironmenta sy & Heaitn

for E
Technology Development

-1119-v1.0ppt

Sub-FAB SEX

Industrial Technology Research Institute
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Exhaust

| / (Pyrophoric/flammable)
| (incompatible gases)
u /
B Exhaust system
u Fluorine
MERIC B
Oxidizing | DCS | Silane| H, H,/ | PH3 |TEOS| NH,
agent
Air 4.1 | 138 | 4.0 16 | 1.3 | 16.0
0, 4.65
N, diluted | ~4.1 | ~0.10 | ~4.0 ~1.6
Air
CIF -
F
NFEz
N,O 1.9 | 3.1
NO 214 | 6.7
NO, 7.08
SFs 10.10
MERIC

-1119-v1.0ppt

Ya 22 Y

(==
Industrial Technology Research Institute
5 center for Environmental sfety & Health

Technology Development
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()

u /
|
. WSix (DCS+CIF,)
- HDP + SH,/DCS tools
. PECVD (S H4/N20) Ofgging DCS|[Silane| H:2 _H2I PH3 |TEOS| NHs ||
Air 4.1 1.38 4.0 16 13 16.0
Q2 4.65
N2 di!uted ~41|~0.10| 4.0 ~16
CIFs :1
2
NE3 5.0 |
NeQ 190 | 31
NO 214 6.7
NQ2 7.08
Fo 10.10
WE R I C Ya 23 % . ‘[ Industrial Technology Research Institute
-1119-v1.0ppt = T B e

/

B Dichlorosilane

SiH,Cl,+20,® SiO, +2 HCl

SiH,Cl, + H,0® SiH,CI(OH) + HCl
SiH,CI(OH)+SiH,Cl,+6H,0® (OH),SIOSI(OH), |
+4 HClI +3 H,

nSiH,Cl, + nH,0® [H,SiO], +2n HCl

Polysiloxane |
/

Trichlorosilane

MERIC v 205,
-1119-v:

1.0ppt




B PPH exhaust pipes

EERIC =
3 25 ¥, Industrial Technology Research Institute
=) for el Sty &

-1119-v1.0ppt

Exhaust system

Exhaust

maintenance Process gas Process gas
port exhaust

< Direction of Exhaust Flow

| exhaust pipe
: exhaust
/
exhaust gases

MERIC

-1119-v1.0ppt

O
¥ 26 ¥ Industrial Technology Researcl h Institute
1) oo Emionren s & e
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Fluorine

PPH

1%F,

1 min

PERIC

-1119-v1.0ppt
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Exhaust

] 10 inch

PPH

MERIC

-1119-v1.0ppt
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Y% SEX sub-main

B Sub-main

(A1~A2)

WF; SiH,
cabletray

PERIC

-1119-v1.0ppt

[
3 3
Ya 29 Ya Industrial Technology Research Institute
) Genter for Environmental Safety & Health
Technol

Y¢SEX  sub-main )

- ERC Sprinkler/Fire alarm ( )

- ERC
10lb CO,
- ERC CCTV
- sub-main
[ | damper
damper

- Main duct

main duct

drain

MERIC

-1119-v1.0ppt
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Technology Development
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Y SEX sub-main

()

cabletray

(PN2, GDS, GMS etc.)

15 ( 2")
WE R I C 3, 31 3% o isearch Institute
-1119-v1.0ppt N
|
- Sub-main

tiein main duct

4 H,SO, HF(49% 25% 1%)

. PVC

H,S0, HF

cabletray

H,S0, HF

MERIC

-1119-v1.0ppt

Ya 32 %a
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()

B SEX main duct
. Sub-main '

. PVC
W Sub Fab !

( )

EERIC =
¥ 33 ¥ Industrial Technology Research Institute
- it

Center for Environmental Safety & H
Technology Development

-1119-v1.0ppt

MAU

— MAU

—1
/ (Caamity) Availablg

/ ' [ B E)FFU ( ;)

MAU (Size-up) MAU (Size-up)

EERIC =
¥ 34 ¥ Industrial Technology Research Institute
- Neith

er for Environmental Safety &
Technology Development
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PERIC

Ys 35 % Indu'strial Tech‘ntilogy Risearch Institute
issvonnt R e
1. SEX |
(1)SEX SEX
(2) Sprinkler (Size-up) SEX Main
duct ( )
3) FM Sprinkler 85~95%
2.
(1)Stainless steel + Teflon lining '
2 ( )
- FDI
-+ SDI
- CDI ( )
3.PP
(1)CESH/ITRI  0C200 Star CD simulator !
2
(
MERIC [L ‘
3/4 36 3/4 ‘[ Industrial Technology Research Institute
m R

-1119-v1.0ppt
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MAU

1. MAU Fab
PID
2. FM HVAC MAU particle
particle MAU

1. MAU
Fab PID

PID MAU

Center for Environmental Safety & H
Technology Development

EERIC =
¥ 37 ¥ Industrial Technology Research Institute
- it

-1119-v1.0ppt

[ | burn tube design base
|
[ | Dry scrubber  design base
[
TF/DF modules |
u N, purge
| (incompatible)

u interlock policy [

MERIC

-1119-v1.0ppt
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Table top exercises

M Tactics Strategy

- Preplanning (HazOp)
( )
straightforward (  deepin)
( )
- Policy ( )

EERIC =
¥ 39 ¥ Industrial Technology Research Institute
=) for el Sty &

-1119-v1.0ppt

Table top exercises ()

W Scenario

- ERC SOP Policy Safetyguard Remote control
(Near miss)
(Event tree)

Day/Night shift

O
¥ 40 ¥ Industrial Technology Researcl h Institute
) cowrtere: e Sfey & Henlth

Technology Development

MERIC

-1119-v1.0ppt
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Table top exercises ()

[
Not share the blame ( )
Root cause (Fault tree)
review (RM )
Third party (Confidential agreement)
Journal paper

Safety officer  Size-up
Keep It Stupid and Smple (ICI-KISS)

Center for Environmental Safety & H
Technology Development

EERIC =
¥ 41 ¥ Industrial Technology Research Institute
- it

-1119-v1.0ppt

M Location:
- Hsinchu county, Industrial division, chemical plant
W Plant property :

- manufacture acrylic resin, water-based adhesive,
surfactant, textile dyeing auxiliary etc.

B Time:
- May, 18 (Friday), pm 1:25
M Causes:
- 6 tons polymerization reactor runaway reaction (relief)
- Temperature runaway followed a violent explosion
- Caused domino effect of other 5 reactors and 7 raw

material storage tanks
O
Ya 42 Y ‘[ Industrial Technology Research Institute

Technology Development

-1119-v1.0ppt

21



PERIC

-1119-v1.0ppt

Ya 43 ¥

[
) coeror

Industrial Technology Research Institute
Environmental Safety & Health

Fire, Shock Wave & Monitoring

MERIC
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Reactive/Unstable Material
Runaway Reaction Explosion

Causes:

- Incorrect mixing

- Loss of temperature
control

- Unknown chemical
reaction

- Sudden loss of cooling

- Lack of thermal stability

- Incompatibility
evaluation

MEK Peroxide Storage Tank Explosion

(exposed to external fire)

EERIC =
¥ 45 ¥, Industrial Technology Research Institute
=) esith

Center for Environmental Safety & H
Technology Development

-1119-v1.0ppt

Runaway Reaction Temperature

Relationship
) ;
|
/

Lo de (wig) /

e el
/
fhr) )

¥ 46 ¥ Industrial Technology Research Institute
- & Healtn

Center for Environmental Safety.
Technology Development

-1119-v1.0ppt
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[ |
(Hazard Identification & Information Gathering)

|
(Consequence Analysis  Dispersion Simulation)
] (PPE)
m ERT
u ( )
] (ERP)
|
] (PDCA)
QERIC AT E[ It Tl e tetute
(preplanning)
|
(What can go wrong?)
|
(How often will it go wrong?)
|
(Consegquence analysis)
MWERIC Y 48 % ﬁ industrial rechnology Research nsutute

-1119-v1.0ppt
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FLACS Test & Validation

Large scale
experiments

Simlations made
by FLACS

MERIC 3
Ya 51 % Industrial Technology Research Institute
=) ter for Environmental Safety & Health
-1119-v:

W 7.385" 2.55" 2.50m3

W He(g) N,(9) |
SF4(9) & H,(9)

EERIC =
¥ 52 ¥ Industrial Technology Research Institute
) Center for Environmental safety & Health
-1
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Overpressure vs. Time Profile

B Without relief Panel B With relief Panel

0.6 barg A
r
r LY
1.
/ b
-~ Y
: .
0.05 barg
EERIC =
¥ 53 ¥ ‘[ Industrial Technology Research Institute
Ly o ot S o

-1119-v1.0ppt

Temperature vs. Time Profile

B Without relief Panel B With relief Panel
""""" 400K 7T T 1200k
MERIC

O
¥ 54 ¥, Industrial Technology Researcl h Institute
) cowrtere: e Sfey & Henlth

Technology Development

-1119-v1.0ppt




300k~1400k Temperature Contour

B With No Relief Panel
(contour)

B With No Relief Panel
(cross section)

Dispersion ——> v _::

MERIC 3
Y4 55 ¥ Industrial Technology Research Institute
) Center for Environmental Safety & Health
-1119-v:

1.0ppt

300k~1400k Temperature Contour

B With Relief Panel

(contour) & I
o U
I "_'\_L L e T
' [
B With Relief Panel
(cross section)

¥a 56 2 Industrial Technology Research Institute
|5  Center fo Envronmental Sfey & Heaith

-1119-v1.0ppt
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Pipe Alpha

Ya 57 Ya Industrial Technology Research Institute
) Center for Environmental Safety & Health
Technology Development
-1119-v1.0ppt

Pipe Alpha ()

et

B Property Loss

( )

B Fatality & Injuries
( )

B Financial Loss [
( )

EERIC =
¥ 58 ¥ Industrial Technology Research Institute
= el Sl
-1119-v1.0ppt

29



SEFETI e i eesion 5 1
o | a2
Mislarisl CHLOMDE

Cape PECI3oyinel 4
| |veeier BV 4.1 1k

ki

Coreastriona (pe

— 1000 il TR0 28
M) vt 41 EHDS 0
0000 BT IAEENE

e

Awpagrgima 00 &

T i SR O W
._-._‘_-?'_l_; LY - &
R SR L L W g

o gl Ty HE - L

u
(Material Resour ces)

u
(Manpower Resour ces)

u
(Reference Resour ces)
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HAZMAT Team at Fire Station #34
Fairfax County, VA

u ( )

- Checklist
- CHEMTREC
. ( )
- (First Responder)
- Checklist (& Focus)

(Washington D.C., River & Harbor, Interstate Highway, and Airport)
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1. Orientation Exercise

-ERT ICY( )
2. Tabletop Exercise
3. Functional Drill
4. Full Scale Exercise
-ERT 1C( )
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C Tyvek/Saranex 23-P Tyvek/PE

( ) w4 12 )

PVC/Urethane  Neoprene
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JEARMARK, INC.(ESV))

ltraTech Internation, Inc

JIGRACE INDUSTRIES, INC. (HAZ ALERT)

Elsrom Manf Co(DYNO-DOTS)

[TAIWAN(VAN PROTECTURE)

(NITRILE  22mil 15

JsoL -VEX(37:165)

bS

ltraTech Internation, Inc

ltraTech Internation, Inc

|DitraT ech Internation, Inc

LC DOVER INC.

[Edwards & Cromwell Mfg., inc.

(NEOPRENE 3omil 167) PNS-450 [OltraTech / LAB SAFETY
(BUTYL ,30mil ~ 14%) IBEST MASTER(878) Wiagic Sefety Products! Leb Sefety
(VITON ,30mil - 14") IBEST MASTER(890) PH E Mearck
VA, 30ml 14" PBEST MASTER
(4H ,27mil__155") JSAFETY 4 INC.
SI/HDV. Pixie USA Inc.
A [RESPIREX (GTVB) THERMBAR | ekeland Industries, Inc
|akeland/ Fyrepel Products hn Ward & SonsLtd.
T JBurlington Safety abs + Electrosoft..
2L?m£; HIZARD - US+Burlington Safely labs
[Ansui Fire Protection SR
JAnsul Fire Protection
NEOPRENE45

lew Fig, USA / Sump Skimmers

[TEMPSHIELD, INC-US

. . 20n  8cm lew Fig, USA [Safety 4 1nc.+ Pacific Gloves CoLid
. . 9cm Som "
Vltra Spillberm
[Sellstrom(90812 )
Jrend dl Company
/ater Technologies Mol dex Metric, Inc.
100 /150 IChlorine Specialties Inc. ( B .S.Safety
" ( . X
" I PETROTECH
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(CNS 1980; JIS1994; AIHA 1991; CEN 1990)

PERIC

-1119-v1.0ppt

Ya 73 %

(CNS 1980; JIS1994; AIHA 1991; CEN 1990)

NIOSH
/
/ / (brown)
/ /
( ) |
( )
A AX
B (
E
K
MERIC 5
Ya T4 % Industrial Technology Researc h Institute
B o torEmronmena sy & e

-1119-v1.0ppt

gy Development

37



E E E E
E-G GF EG E-F I
E-F GF E-G GF
GF 3 G F-P
GF G E-G GF
GP GP G-F F-P
FP F G-F F-P |
GF E E-G F-P
E E E E
P G-F E-F
GF G EG GF
E E E E

E-Excellent, F-Fair, G-Good, P-Poor
(2% 1/2 x )
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B American Industrial Safety Equipment Co. / 3512 Lakeside Ave., Cleveland. Ohio 44114
B American Optical Corp., Safety Products Div. / Southbridge, M assachusetts 01550

H Bullard Co., E,D, / 2680 Bridgeway, Sausalito, Califonia 94965

W Cesco Safety Products, Inc, / 2727 West Roscoe St., Chicago, , 60618

B Goodall Rubber Co, / Box 631, Trenton, N.J. 08604

B Mine Safety Appliances Co. / 201 North Braddock Ave., Pittsbufgh, Pennsylvania 15208
B Pulmosan Safety Equipment /corporation/ 30-48 Linden Place, Flushing, N.Y. 11359

B Safety Clothing and Equipment Co., Division of Safety First Industries
1942 East 69" St., Cleveland, Ohio 44103

W Scott Aviation, Fire/Safety Products Division A-T-O Inc.
225 Erie St., Lancaster. N.Y. 14086

W Uniroyal, Protective Footwear and Clothing Division/ 58 Maple St., Naugatusk, Conn. 06770

B Welsh Manufacturing Co. / 7 Magnolia St., Providence, R.l. 02909 |
B Wheeler Protective Apparel, Inc. / 238 West Huron St., Chicago, . 60610

B Wilson Poducts Division, ESD Inc. / P.O. Box 622, Reading, Pennsylvania 19603
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|ncident Command System

A System for Organizing A Response
in A Manner That Is Systematic And
Easily Expandable to Meet Incident

Requirements

¥ 77 ¥ Industrial Technology Research Institute
=) center tor Emironmenta sfey & Heaitn
=y
-1119-v;
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Life Safety

B Must recelve priority over all other activities
* Responders
* Victims

M |nitial operations structured around primary
sear ch.
Time Is Critical

B Secondary search after initial emergency contr ol
Thoroughness Critical

EERIC =
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Emergency Control

B | ocate the emergency

B Confinethe emergency

B Eliminate the emergency

B Attack from theuninvolved areas
B Determine exposure protection

B Timemay or may not be a factor

¥ 79 ¥ Industrial Technology Research Institute
) center for Environmental Safety & Health
ooy Dadopment
-1119-v1.0ppt

Property Conservation

B EXxposure protection
B Salvage protection
B Shut down master streamswhen possible

B Overhaul to prevent re-ignition

MEERIC 3
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B Planning -

M Directing -

B Organizing -

B Coordinating -

B Communicating -
B Delegating -

W Evaluating -

PERIC

-1119-v1.0ppt
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ThelCSincludesfive major functional areas:

B Command
B Operations
B Planning

W | ogistics

B Finance
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_|

(Safety)|

(Liaison) |
—| (Info.) |
Operationp (Logistics) (Planning) (Liaison) (Finance)
?
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Size-Up

B An estimation or an evauation of the condition
from which an opinion or judgment can be formed '

B Size-up cannot be delayed,nor can it be atime-
CONSUMING Process.

W Size-up is never completed until the situation is
mitigated and completely under control

W Size-up and evaluation isthe job of all personnel. !
What one person can see another may not
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Decision Tree

SIZE-UP OF MAKE DECISIONS ON
INCIDENT FACTORS ACTIONS/STRATEGY

T '

SPECIFIC GOALS
REEVALUATE AND OBJECTIVES

T |

DOESINCIDENT IMPLEMENT THE |

CHANGE FAVORABLY? TACTICAL OPERATION

dERIC Y89 E j It Tl e tetute

Q
& %,
S/ 1cs \ %
\s % !
Tasks Tactics Resources
Plan Strategy Offensive |
Defensive
Facts Size-Up RECON

. What will hurt me?
Info. Gathering | What will help me?

Data Pre-Planning What resources

Pictorid are needed?
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ERIC

ERIC
(Internet)

(server)

Chemical

(MSDS)
(HAZMAT)
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- HAZOP:
.
- Fault Tree:

* PHAST onv Technica, Ver. 6.0 2000)

e SAFETI (DNV Technica)

Contours)

(Individual Risk
(Social F-N Curve)

MERIC

-1119-v1.0ppt

(==
Y2 104 %, Industrial Technology Research Institute
) conter for Environmental ety & Health

52



B Discovery Channel (Mar.30.2002)
U.S. TEEX/Houston Senior Instructor

“When | saw the responders scurrying
in front of me.”

It makes me NEVEROUS !

PERIC

-1119-v1.0ppt

[
3 3
Y2 105 ¥ Industrial Technology Research Institute
) Genter for Environmental Safety & Health
Technol







14%~63%

5%~10%
Ll L

B OO0

Rl PEEE CANETLEL EEEE PRI

B2 OO0

anE sl LHreEoET [ &S pise




BF3,B203,P,As

15




RO DAP MINI DAP

>




National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology




National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology




National Kaohsiung First University
of Science & Technology

C )
20 /
200
1000
252 3 3 8 18,000
National Kaohsiung First University
of Science & Technology
042 1 2 20
20
200
1000 /
051 1 2 36
20
200
052 1 2 36
20
200




National Kaohsiung First University
of Science & Technology

(1

053 1 24
20 /
200 /
054 1 24
20 /
200 /
060 1 2 20
20 /
200 /
1000 /
National Kaohsiung First University
of Science & Technology

(2

061 1 2 30
063 1 2 16
20 /
200 /
064 1 2 24
20 /
200 /
230




National Kaohsiung First University
of Science & Technology

National Kaohsiung First University
of Science & Technology

- e e |-

10




National Kaohsiung First University
of Science & Technology

-

=

©

11

National Kaohsiung First University
of Science & Technology

D

;
_——

v

12




National Kaohsiung First University
of Science & Technology

13

National Kaohsiung First University
of Science & Technology

v

v

e
==

14




National Kaohsiung First University
of Science & Technology

— | ] |

15

National Kaohsiung First University
of Science & Technology

—>

16




National Kaohsiung First University
of Science & Technology

17

National Kaohsiung First University
of Science & Technology

9

I 8
21
21
14
14
1000 200 20 1000
200

18




National Kaohsiung First University
of Science & Technology

9 ()

10
27
10
13
138
1000 / 200 / 20 / 1000
200

19

National Kaohsiung First University
of Science & Technology

20




National Kaohsiung First University
of Science & Technology

D

053

53-02-02-02

PlAhwODNE
>

N

ous~ W
>

21

National Kaohsiung First University
of Science & Technology

22




National Kaohsiung First University
of Science & Technology

v

23

National Kaohsiung First University
of Science & Technology

24




National Kaohsiung First University
of Science & Technology

25

National Kaohsiung First University
of Science & Technology

D

061

61-02-04-03

N RO RONE

w
>

A
NP

26




National Kaohsiung First University
of Science & Technology

7.

8.

27

National Kaohsiung First University
of Science & Technology

Y
Y

28




National Kaohsiung First University
of Science & Technology

29

National Kaohsiung First University
of Science & Technology

30




National Kaohsiung First University
of Science & Technology

D

052 52-02-05-01
1.
2.
3.
4. A
5. 200
6.
1.
(50
2.
3.
4.
5 A
/10

LEL (0.13 )

6. 1/10LEL
31
National Kaohsiung First University
of Science & Technology

1.
8.

81

8.2 200
9.

200

10.

200

32




National Kaohsiung First University
of Science & Technology

(50 )

==

B

33

National Kaohsiung First University
of Science & Technology

n
]S |




National Kaohsiung First University
of Science & Technology

1. ChrisHawley, “ Hazardous materials response and operations’,
Delmar Thomson Learning, 2000.

2. Merv Fingas, “ The handbook of hazardous materials spills
technology” , Mc Graw-Hill, 2000.

3. R.P. Pohanish, S.A. Greene, “Hazardous chemical safety guide for
the plastics industry” , Mc Graw-Hill, 2000.
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141 ~196 141 ~196

«C )
Polychlorinated
biphenyls
01-1

141 ~196 141 ~196
«C )

14~15 1.4 ~1.5 g/lem’

141 ~196 tal -~ 196
«C )

1. TOMESPlus HAZARDTEXT(Hazard Management) / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.




Chlordane

02-1

1.57~1.67

1.59~1.63 (25 )

0.056 mg/L
(25 )

1072 ()
556 ()

210

(IDLH)

100 mg/m’

210

9.75x10°®

9.75x10° mmHg
(25 )

1.59 ~1.63

1.59 ~ 1.63 g/mL
25 )

56

1072 ()
556 ()

0.7% ~ 5%

1. TOMES Plus

2. TOMES Plus

3. TOMES Plus

MEDITEXT(Medical Management) / 11.0 PHYSICOCHEMICAL ,2002.

HAZARDTEXT(Hazard Management) / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.

MEDITEXT(Medical Management) / 10.0 STANDARDS/LABELS ,2002.




Dieldrin

04-01

1.75 1.75 g/em’ 2

1. TOMES Plus CHRIS - Chemical Hazard Response Information System / 9.0 PHYSICAL AND CHEMICAL PROPERTIES ,2002.

2. TOMES Plus HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.




4,4-Dichloro-

1.6x107" mmHg
25 )

1.6x107" mmHg
(20 )

0.98

0.98 ~0.99

diphenyl-
i 1.6x107 mmH
trichl 1.6x10” mmHg s
oroethane (20 )
(DDT)
05-1
1.9x10" mmHg 1.6x10" mmHg
(20 ) (20 )
0.0031~0.0034 mg/L
0.0012 ppm
25 )
1. TOMESPlus HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.
2. TOMESPlus HAZARDTEXT ® - Hazard Management / 7.0 STANDARDS AND LABELS ,2002.




Toxaphene

06-1

6.69x10° mmHg
(25 )

6.69x10° mmHg
(20 )

1.

TOMES Plus

HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.




14 mg/L
(26.7 )

14 mg/L
25 )

0.00011 mmHg

0.00011 mmHg

Penta-
chlorophenol @5 ) 20 )
07-1
0.12 mmHg 0.00011 mmHg
(100 ) 25 )
309 309 ~310
1.0000011
0.92 ( =1
)
I. TOMESPlus HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.




210 mg/kg 197 mg/kg
(LD50) ( ) (
Penta-
Chlorophenol,
Sodium Salt
08-1
300 g/kg 330 g/L
25 ) 25 )

1. TOMESPlus MEDITEXT ® - Medical Management / 7.0 RANGE OF TOXICITY ,2002.

2. TOMESPlus HSDB - Hazardous Substances Data Bank / 3.0 PHYSICAL / CHEMICAL PROPERTIES ,2002.




- 4.06

Methyl Mercury

09-1
- 170

- 4.06 g/mL

1. http://physchem.ox.ac.uk/MSDS/ME/methylmercury chloride.html




245 )
1709 ) 1,720 )
Endrin
10-1
/ ; (245 )
-6 -7
3x10” mmHg 2x10"" mmHg
25 ) 25 )
- 1.1% ~ 7%
TOMES Plus  HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.
TOMES Plus ~ HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.
TOMES Plus  CHRIS - Chemical Hazard Response Information System / 3. HEALTH HAZARDS ,2002.
TOMES Plus HAZARDTEXT ® - Hazard Management / 6.0 RANGE OF TOXICITY ,2002.




145 (1.5mmHg)
Heptachlor - 35 mg/m’
(IDLH)
11-1
1.57 ~ 1.59 1.57 g/em’
O ) O )
0.18 mg/mL 0.18 mg/L
25 ) 25 )
1. TOMESPlus  HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.
2. TOMESPlus  NIOSH Pocket Guide / 4.0 IDLH ,2002.




Hexa-
chlorocy-

clohexane

12-1

(LD50)

76 mg/kg

(

177 mg/kg

)

L.

TOMES Plus

HSDB - Hazardous Substances Data Bank / 5.0 TOXICITY/BIOMEDICAL EFFECTS ,2002.




0.027 mg/L 0.027 mg/L
27 ) (20 )
Aldrin
13-1
170 mg/L 0.027 mg/LL
25 ) (20 )
1. TOMES Plus HAZARDTEXT ® - Hazard Management / 12.0 CHEMICAL/ PHYSICAL PROPERTIES ,2002.




1,2-Dibromo-3-

chloropropane

14-1

1230 mg/L

(0.1% (20 )
164.5 196
(300mmHg) (760 mmHg)
1230 mg/L 1230 mg/L
( ) (20 )

1. TOMES Plus HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.

2. http://www.who.int/water_sanitation _health/GDWQ/Chemicals/dbcpfull. htm#Environmental




Leptophos

15-1

(LD50)

52.8 mg/kg

30 mg/kg

1. TOMES Plus

2. TOMES Plus

HSDB - Hazardous Substances Data Bank / 5.0 TOXICITY/BIOMEDICAL EFFECTS ,2002.

HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.




Chlorobenzilate

16-1

1.2816 g/ecm’CM 1.2816
(20 ) (20 )
36 ~373 36 ~375
1.2 1.2816 g/em’
(20 ) (20 )
- 40

1. TOMESPlus  HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.

2. http://pmep.cce.cornell.edu/proﬁles/extoxnet/carbaryl-dicrotophos/chlorobenzilate-ext.html




Nitrofen

17-1

LD50

162 mg/kg

(

)

1620 mg/kg
( )

1.

TOMES Plus

HSDB - Hazardous Substances Data Bank / 5.0 TOXICITY/BIOMEDICAL EFFECTS ,2002.




Dinoseb

18-1

1. TOMES Plus HSDB - Hazardous Substances Data Bank / 5.0 TOXICITY/BIOMEDICAL EFFECTS ,2002.




Lindane

19-1 TLV-TWA . 0.5 mg/m’

86 mg/k 76 mg/k
LD50 mg/kg mg/kg

1. TOMESPlus  HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.
2 . TOMESPlus  HSDB - Hazardous Substances Data Bank / 8.0 EXPOSURE STANDARDS AND REGULATIONS

3. TOMESPlus  HSDB - Hazardous Substances Data Bank / 5.0 TOXICITY/BIOMEDICAL EFFECTS ,2002.




13.55
13.6 1
20 )

Mercury

357 357 (1 atm) 1
22-1

13.55 g/mL
13.5 1
20 )

1.  TOMESPlus CHRIS - Chemical Hazard Response Information System / 9. PHYSICAL AND CHEMICAL PROPERTIES ,2002.

2. TOMESPlus CHRIS - Chemical Hazard Response Information System / 3. HEALTH HAZARDS ,2002.




1700 mg/kg

265~717 mg/kg/day

(LD50) ( ) ( )
1700 mg/kg 265~717 mg/kg/day
Penta- (LDSO) ( ) ( )
chloronitro-
benzene
1.718
1.718
25 )
23-1
>12000 mg/kg 265~717 mg/kg/day
LD50 ( ) ( )
1. TOMES Plus HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.

2.

TOMES Plus

HSDB - Hazardous Substances Data Bank / 5.0 TOXICITY/BIOMEDICAL EFFECTS ,2002.




Daminozide

1600 mg/kg 8400 mg/kg
LD50 ) ( )
24-1
1. TOMES Plus MEDITEXT ® - Medical Management / 7.0 RANGE OF TOXICITY ,2002.




Cyanazine

25-1

167 167.5 ~169
1.29
' (20 )
1.38x107 mmHg
@5 )
171 ppm 170 mg/L
25 ) 25 )
344 mg/kg 149 mg/kg
(LD50) ( ) ( )
167 167.5 ~169

1.38x107 mmHg

1.38x107 mmHg

20 ) 25 )
035( )~ 1.29 ke/L
045( ) 20 )

1. TOMES Plus

2. TOMES Plus

HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.

HSDB - Hazardous Substances Data Bank / 5.0 TOXICITY/BIOMEDICAL EFFECTS,2002.




0.0008 mmHg

0.0008 mmHg
25 )
1740 mg/kg 625 mg/kg
(LD50) ( ) ( )
Fenchlorphos
1740 mg/kg 625 mg/kg
(LD50) ( ) ( )
26-1
0.0008 mmHg
0.0008 mmHg
25 )
1.485 g/mL
1.485
25 )
1. TOMESPluis  HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.

2. TOMES Plus

HAZARDTEXT ® - Hazard Management / 6.0 RANGE OF TOXICITY ,2002.




Difolatan

27-1

LD50

5000 6200 mg/kg
( )

4200 mg/kg

1.

TOMES Plus

HSDB - Hazardous Substances Data Bank / 5.0 TOXICITY/BIOMEDICAL EFFECTS ,2002.




1.74
1.74 1
(20 )
Captan
28-1
1.74 g/em’
1.74 1
(20 )

1. TOMES Plus CHRIS - Chemical Hazard Response Information System / 9. PHYSICAL AND CHEMICAL PROPERTIES ,2002.




1 mg/L

(LD50)

7540 g/kg

7540 mg/kg
(

)

Folpet
29-1
1. TOMES Plus HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.
2. TOMES Plus HSDB - Hazardous Substances Data Bank / 5.0 TOXICITY/BIOMEDICAL EFFECTS ,2002.




Tricyclohexy-
Ltin
Hydroxide

30-1

0 mmHg

0 mmHg

1. TOMES Plus

NIOSH Pocket Guide / 6.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.




a_
a-Bromobenzyl

Cyanide

1.539 1.539
(4-29 ) 29 )
0.012 Hg 0.012 mmHg
(20 ) (20 )
0.012 Hg 0.012 mmHg
(20 ) (20 )
1.539 1.539 g/em’
(29 /4 ) (29 )

1. TOMES Plus  HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.




29.4 mmHg 30 mmHg
25 ) 25 )
18.9
19
«C )
Bis-
Chloromethyl
Ether
32-1
30 mmHg
29.4 mmHg
25 )
1.323 g/em’
1.323
s )
104 ~106 106

I.

TOMES Plus

NIOSH Pocket Guide / 6.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.




P-Nitrobiphenyl

33-1

1. TOMES Plus HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.




P-Aminobiphenyl

34-1
34-2

- 450

1.16 g/cm’
(20 )

1.160

1. TOMES Plus HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.

2.  TOMES Plus HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.




1-

2-

1-Naphthylamine

35-1
35-2
35-3

301 300.8
I mmHg 1 mmHg
(104 ) (108 )
4.93 4.95
=1 20 ) =1 20 )
- 460
306.1 300.8
- 460
1.061 1.061 g/cm’
98 ) 98 )

1.

2.

TOMES Plus

http://www.inchem.org/documents/icsc/icsc/eics0518.htm

HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.




Benzidine
Benzidine acetate
Benzidine sulfate

Benzidine
dihydrochloride

Benzidine

hydrofluoride

()

Benzidine

perchlorate

()

Benzidine

perchlorate

Benzidine

diperchlorate

36-1~36-8

1.25

1.25 g/em’
(20 )

1. TOMES Plus HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.




765 765
8.65
8.65
25 )
Cadmium
37-1
- 250
8.65 8.65 g/cm’
(20 ) (25 )

1. TOMES Plus HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.
2. TOMES Plus HSDB - Hazardous Substances Data Bank / 5.0 TOXICITY/BIOMEDICAL EFFECTS ,2002.

3. TOMES Plus HSDB - Hazardous Substances Data Bank / 4.0 SAFETY AND HANDLING ,2002.




1559 1559

Cadmium
Oxide

37-2

1. TOMES Plus  HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2000.




Cadmium

Carbonate

37-3

4.26

4.26 g/em’

0.1

1.

TOMES Plus

HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.




Cadmium
Sulfide

37-4

0.13 mg/100g
0.00013
(18 )
4.82 4.82 g/em’
0.13 mg/100
0.00013 meTle
(18 )

1.

TOMES Plus

HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.




Cadmium

Sulfate

37-5

1. TOMES Plus HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.




Cadmium

Nitrate
300 mg/Kg 300 mg/Kg
37-6 ( ) ( )
LD50
100 mg/Kg 100 mg/Kg
1. TOMES Plus HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.
2. TOMES Plus HSDB - Hazardous Substances Data Bank / 5.0 TOXICITY/BIOMEDICAL EFFECTS ,2002.




0.1 mmHg 0.49 mmHg
(20 ) 25 )
70 70 ( )
( ) 75.6  ( )
Aniline
38-1
- 615
1.02 g/m’
1.022
(20 )
70 70 ( )
( ) 75.6  ( )
35000 ppm
3.3 ¢/100mL PP
(25 )
1. TOMES Plus HSDB-Hazardous Substance Data Bank / 3.0CHEMICAL ANDPHYSICALPROPERTIES ,2002.
2. TOMESPlus HAZARDTEXT(Hazard Management) / 12.0PHYSICAL / CHEMICAL PROPERTIES ,2002.




P-Toluidine(1)

m-Toluidine(2)

O-Toluidine(3)

39-1
39-2
39-3

(2) 200 203.3 1
3) 203 200.3 1
(2) 120 ) 0.9889 (20 ) 1
(2) 1 mmHg 026 mmHg (25 ) | 1
3) I mmHg (41 ) [0303mmHg®25 )| 1
3) 3.7 3.9 1
2 - 482 2
974 mg/kg 450 mg/kg 3
(LD50)(2) ( ) ( )
940 mg/kg
670 mg/kg 3
(LD50)(3) ( )
2 - 482 2
(2) 200 203.3 1
3) 203 200.3 1
2) 120 ) 0.9889 (20 ) 1
3) 1 mmHg (41 ) |0.303mmHg (25 )| 1

1.

2.

TOMES Plus

TOMES Plus

HSDB-Hazardous Substance Data Bank / 3.0CHEMICAL ANDPHYSICALPROPERTIES ,2002.

HSDB-Hazardous Substance Data Bank / 4.0 SAFETY AND HANDLING ,2002.




3.

TOMES Plus HSDB-Hazardous Substance Data Bank / 5.0 TOXICITY/BIOMEDICAL EFFECTS,2002.

1-

2-

1-Naphthylamine

40-1

960 mg/kg 96 mg/kg
LD(50)
1.1229 1.1229 g/em’
(25 ) (25 )

1.

2.

TOMES Plus HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.

TOMES Plus HAZARDTEXT ® - Hazard Management / 6.0 RANGE OF TOXICITY ,2002.




3,3’-Dimethoxy-

benzidine

41-1

206

206

206

206

1.

TOMES Plus HSDB

- Hazardous Substances Data Bank / 4.0 SAFETY AND HANDLING ,2002.




3,3’-Dichloro-

benzidine

42-1

4.5x107 mmHg
(20 )

0.07%
(15 )

350

LD50

3820 mg/kg
( )

4.5%x10” mmHg
(20 )

0.07%
(s )

350

1. TOMES Plus HAZARDTEXT ® - Hazard Management / 12.0PHYSICAL/CHEMICAL PROPERTIES ,2002.

2. TOMES Plus HAZARDTEXT ® - Hazard Management / 6.0 RANGE OF TOXICITY ,2002.




3,3’-Dimethyl-
[1,1’-biphenyl]-

4,4’-diamine

43-1

325

~ 366

300

1.

TOMES Plus

HSDB-Hazardous Substance Data Bank / 3.0CHEMICAL ANDPHYSICALPROPERTIES ,2002.




Benzotrichloride

44-1

220.8

221
(760 mmHg)
1.38 1.3756
(155 ) 20 /4 )
53 mg/L
G )
220.8
221
(760 mmHg)
220.8
221
(760 mmHg)
1.38 1.3756 g/mL
(155 ) (20 )

1. TOMES Plus HSDB-Hazardous Substance Data Bank / 3.0CHEMICAL ANDPHYSICALPROPERTIES ,2002.




Arsenic

Trioxide

45-1

3.87

3.865 (25 )

1.

TOMES Plus

HSDB-Hazardous Substance Data Bank / 3.0CHEMICAL ANDPHYSICALPROPERTIES ,2002.




Cyanide
Compound
(1)
Sodium Cyanide
(2)
Potassium
Cyanide
3)
Silver Cyanide

Copper(I)
cyanide

Copper(I)
postassium

cyanide

Cadmium

cyanide

Zinc cyanide

Copper(Il)
cyanide

Copper Sodium
cyanide

(1)

463

563

(1

(1)

2

1.55

1.55 g/lem® (20 )

3)

320

46-1~-9

3)

3.95

3.95 g/lem’
19 )

1. TOMESPlus  HSDB - Hazardous Substances Data Bank / 3.0 CHEMICAL AND PHYSICAL PROPERTIES ,2002.

2. R.P.Pohanish and S.A.Greene, “Hazardous Chemical Safety Guide for the Plastics Industry”, Mc Graw-Hill, 2000.

2. TOMESPlus  MEDITEXT ® - Medical Management / 11.0 PHYSICOCHEMICAL ,2002.




Phosgene

47-1
3.5
3.5
(20 )
1. TOMESPlus ~ HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.




37 ~39 39 ~40
10 g/100mL

as )

7 -7

Methyl
Isocyanate
48-1

37 ~39 39 ~40

-6 -7

- 534
. TOMESPlis HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.

2.

TOMES Plus

HSDB - Hazardous Substances Data Bank / 4.0 SAFETY AND HANDLING ,2002.




Chlorine

49-1
3.214 g/em’
3.214
0 )
1. TOMES Plus HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.




1L12( =1 30 ) 1.05(25 )
1.6 mmHg 1.6 mmHg
(85 ) (845 )
25( =1 24520 )
216 215.5 g/100mL
30 ) 30 )
138 137.8 ()
Acryl Amide
50-1
150 mg/k 150 mg/k
LD50 g/Kg g/Kg
)|« )
- 175 ~300
- 240
2.5 24520 )
1.122 1.122
Q0 /4 ) 20 )
1. TOMES Plus HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.
2 . TOMES Plus MEDITEXT ® - Medical Management / 7.0 RANGE OF TOXICITY ,2002.




774 ~79 773 ~77.4
88 mmHg 83 mmHg
20 ) 20 )
: -1
«C )
148 mg/kg 78 mg/kg
Acrylonitrile (LD50) ( ) ( )
PEL-TWA 45 mg/m’ 4.3 mg/m’
51-1
148 mg/kg 78 mg/kg
(LD50) ( ) ( )
- 481
0.81 g/em’
0.80 kg/L
(20 )
7.35 7.35% (20 )
88 mmHg 83 mmHg
20 ) 20 )
1. TOMESPlus HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.
2. TOMESPluis HAZARDTEXT ® - Medical Managment / 7.0 RANGE OF TOXICITY ,2002.




(

2.7
=1 20 )

(

2.8
=1 20 )

1.3% ~7.1%

1.2% ~7.9%

Benzene
52-1
1.3% 1.2%
- 498
1.3% ~7.1% 1.2% ~7.9%
2.7 2.77
3
0.879 g/cm
0.877
(15 )
0.07%
(20 )
1. TOMESPlus HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.
2. TOMESPlus HAZARDTEXT ® - Hazard Management / 7.0 STANDARDS AND LABELS ,2002.
3. TOMESPlus HAZARDTEXT ® - Hazard Management / 6.0 RANGE OF TOXICITY ,2002.




2 ppm ; 2 ppm ;
13 mg/m’ 12.6 mg/m’
Carbon
Tetrachloride
- 200 ppm
(IDLH)
2800~2920 mg/k 2350 mg/k
53-1 LD50 g8 g8
( ) )
1. TOMESPlus HAZARDTEXT ® - Hazard Management / 7.0 STANDARDS AND LABELS ,2002.
2. TOMESPlus HAZARDTEXT ® - Hazard Management / 6.0 RANGE OF TOXICITY ,2002.




61 ~62 61.2
1.484 1.495
(20 ) (15 )
4.36 4.12
( =1 20 ) =1 20 )
Chloroform
4.36 4.12
1)
54-1
263.4 263.2
61.7 61.2
(760 mmHg) (760 mmHg)
4.1 4.12
1.4832 1.49 g/cm’
20 /4 ) 20 )
1.  TOMES Plus HAZARDTEXT ® - Hazard Management / 12.0 PHYSICAL/CHEMICAL PROPERTIES ,2002.
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Josep and Diane, 1998

1.

Josep and Diane,
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68 138-183
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50 1-18 1994
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2 117-131 1992

46 145-170 1993
6.Josep, F. L. and Diane, L. Health and environmental
risk analysis fundamentals with applications, Prentice
Hall PTR, Upper Saddle River, New Jersey, 1998.
7.US EPA, Risk Assessment Methodologies for Toxic

Air Pollutants, 1995.
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Ethylene oxide, EO (10)
CH,0 CAS No. 75-21-8 100%
44
Minimum oxygen concentration,
[ modeCl, ~
MW =[ET | ——d
L sl BED |
2.1 mole O2/mole EO st
(1) 10.7 25
) 1.52 1 20 C,H,0+2.50, - 2H,0+2CO,
®3) 089 0 7%
(4)
(5) 1095mmHg 20 CHO-CH,+0.50,
(6) 3~100%
©) 7% 15%
(8
12% 10%
9
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PTFE

1.Crowl, D. A. and J. F. Louvar, Chemical P
Safety: Fundamentals with Applications, 2nc
Pretice-Hall, 2002.

2.Weissermel, K. and H.-J. Arpe , Industrial Organ
Chemistry, Translated by C. R. Lindley, S
Revised and Extended Edition, VCH, 1993.
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