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ABSTRACT

This study analyzed the recent serious disaster cases of chemical extinguishing agent poisoning and suffocation
investigated by KOSHA and proposed the safe use of chemical substances, including the chemical extinguishing agent. An
analysis of the statistical figures an increase in the number and variations of chemical poisoning and suffocation cases in
industry between 2011~2016 increased. Unlike other physical accidents, chemical accidents are very high in severity and it
is difficult to identify the chemical hazard and risk. To prevent chemical disasters, it is essential to develop and use an easy
chemical risk assessment tool. For the safe use of chemical substances, in which it is difficult to carry out hazard identification
and risk assessments, this thesis presents the useful chemical recognition and risk assessment tools, CHEM-i and CHARM
developed by KOSHA.
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Figure 1. The degree of exposure and hazard information education on chemical risk®.
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Figure 2. Statistical analysis of poisoning and suffocation in industry.
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Figure 3. Statistical death rate analys1s of suffocation compared
with physical accident”
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Figure 4. Schematic diagram of chemical penetration and chemical
risk management.
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Figure 5. Statistical analysis of chemical suffocation by cause®.
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Table 1. The Classification of Suffocant'”

121

Physical suffocant
ysical suffocan (COs, Na, Ar, He etc)

- Chemical Having no Toxicity But Lowering the Relative Concentration of Oxygen in Confined Space

- Chemical Hindering the Oxygen Transport Ability in Blood (CO, Aniline, Nitrosoamine etc)

Chemical suffocant

- Toxic Chemical Hindering the Distribution Ability in Lung (Hydrogen sulfide, Phosgene, O;, Chlorine etc)

Table 2. Serum Enzyme Indicators of Hepatotoxicity (Principles of Toxicology Second Edition, Philip L. Williams)

Enzyme Acronym

Comments

ALT Found Mainly in the Liver; Increase Reflects Primarily Hepatocellular Damage
AST Less Specific to the Liver Than ALT; Increase Reflects Primarily Hepatocellular Damage
ALP Increases Reflect Primarily Cholestatic Injury
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Figure 6. Monitoring of HCFC-123 concentration at accident workplace.
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Figure 7. CHEM-i process for chemical accident prevention.
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HCFC 123

- CAS No: 306-83-2
C

- Physicochemical Characteristic

(Component and Content) Boiling Point

Flash Point Vapor Pressure Specific Gravity

28 C 9 C 14 Pa 1.5
- Injury of Liver
H - Injury of Cardiovascular System %
(Hazard and Storage) yury L 4
- Eye Irritation

E
(Exposure Control)

- Substitution or Elimination
- Isolation from the Source
- Ventilation, PPE (Personal Protective Equipment, e.g, Respirators)

M
(Management of Emergency)

- Elimination of Ignition Source, Fire Extinguisher: Dry Sand
- Wash the Eye and Skin with the Pure Water

Table 4. CHEM-i Result of CO,

CHEM-i

CO,

- CAS No: 124-38-9
C

- Physicochemical Characteristic

(Component and Content) boiling Point

Flash Point Vapor Pressure Specific Gravity

785 C

1.527

- 48,300 mmHg

H

(Hazard and Storage) - Respiratory Irritation

- Cause Suffocation in Gas Leak in Confined Space

<

(Management of Emergency)

E - Ventilation of Confined Space
(Exposure Control) - PPE (Personal Protective Equipment): e.g, Air Respirator
M

- Prevent the Gas Leak in Confined Space and Basement
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1 stage Process Selection

2 stage Hazard Identification
3 stage Risk Evaluation

4 stage Risk control

Figure 8. Risk assessment process.
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Table 5. Common and Chemical Risk Assessment

Common Risk Risk=SeverityxProbability

Chemical Risk Risk=ToxicityxExposure Level
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Figure 9. Chemical risk assessment model.

Toxicity = MSDS
Evaluation - Chemical Hazard
EXpOSWE IEVEl . Exposed Concentration
Chemical Risk . o
Evaluation = Risk = Toxicity[1-4) x Exposure{1-4]
. = Elimination, Substitution
Risk Control = Ventilationetc
i = Personal protector

Figure 10. Chemical risk assessment procedure (CHARM).
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Table 6. Chemical Risk Evaluation Method (4x4)
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Table 62 =%7|%0] AR Eo] Glon], Aeiai=A
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Severity(1~4) (Toxicity)

Probability(1~4) (Exposure)

D CMR (1A, 1B, 2)
% CMR : Carcinogenicity, Mutagenicity,
Reproductive Toxicity
@ Exposure Standard
® R-phrase/H-code

Risk
(1~16)

(D Measurement Result (Concentration)
@ Amount used, Volatility, Etc

Table 7. Classification Criteria for Chemical Exposure (Severity Example)

Exposure Criteria
Level Contents
Dust Vapor
1 Skin or Eye Irritation 1~10 mg/m3 less than 50~500 ppm less than
2 One Time Exposure Risk 0.1~1 mg/m3 less than 5~50 ppm less than
3 Severe Irritation and Corrosion 0.01~0.1 mg/m3 less than 0.5~5 ppm less than
4 Very Toxic to Single Exposure 0.01 mg/m3 under 0.5 ppm under
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Table 8. Determine Exposure Level Rating Based on Measurement
Result (Probability Example)

Level Contents
1 Less Than 10% Chemical Exposure Level
2 Chemical Exposure Level 10~50%
3 Chemical Exposure Level 50~100%
4 Chemical Exposure Level Exceeded 100%
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Table 9. Exposure level of HCFC 123
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% 442 WbsHA |u CHARME 53t 727 Table
71} o] HCFC 1239] A% =&7]|&-2 50 ppm©] il HCFC

123 AF8 2 Z2A AT} 1-100 ppm o2 2713k we} =
55 A57t 148 F7E Gl
2) QA S AL Gl HFC 125(%=%7]% v
A7)

Table 82 HFC 1259} Zro] k=&7|&o] AR ¢

1

), 7SR,

10* ?) %% B wE5ES B AL HolRL
Apelole), AW A AL G S4 ool shors
AL Qeste] mB4E W4T AT oolth
CHARMO| A= SH5H2 2 ALgeE, 2 2SR AT
8), Zelsketd SHEEY. 2719 5 992 59 3
sHEdo) WA(eD) HES FH =ELES 142 3
VsHA fitk. B, A el skt A H5oE ¢
A, B, HAY Bo) BAA g B wErze 2

ol 7hsstet.

2,35 AEYHYI ot ME

oA et ol ststEd o AEdL Faldd wEes
W7 ADe] 23S Bof HEH o Azdr) IEHEA §
A 4R A(eE4F) EYAMatrix) 2 93
A& kAl =w SReEE9EdE7E 71(CHARMS
ol that A A43FeFA| 9l HCFC 123, HFC 1259 o3&k 3}

Measurement result Exposure standard Exposure Level | Measurement result Exposure standard Exposure Level
30 ppm 50 ppm 100 ppm 50 ppm 4
10 ppm 50 ppm 2 70 ppm 50 ppm 4
5 ppm 50 ppm 1 50 ppm 50 ppm 3
1 ppm 50 ppm 1
Table 10. Exposure level of HFC 125
Amount used Temperature (C) Boiling Point (C) Exposure Level
1000 L 20 C -48 C 3
300 L 20 C 48 C 3
100 L 20 C 48 C 3
50 L 20 C 48 C 3
10 L 20 C 48 C 3
5L 20 C 48 C 3
1L 20 C 48 C 2

= SFA AW 53] = A, AI32d A2 %, 2018
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Table 11. HCFC 123 Chemical Risk Result (Case 1: Measurement Result O)
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pal

A7

127

Toxicity Exposure Level Risk Evaluation Result
2 4 8 (High)
2 4 8 (High) 8
2 3 6 (ngh) s + Toxicity: 2
X Risk
2 3 6 (High) a
2 2 4 (Medium) 2
2 1 2 (Low) ° . > 2 s
Exposure Level
2 1 2 (Low)

Table 12. HFC 125 Chemical Risk Result (Case 2: Measurement Result x)
Toxicity Exposure Level Risk Evaluation Result
1 3 3 (Medium)
3.5 4
1 3 3 (Medium) 5 « Toxicity: 1 :
2.5 -
1 3 3 (Medium) , 2
Risk
1 3 3 (Medium) 15
1
1 3 3 (Medium) 05 -
0
1 3 3 (Medium) 2 3
Exposure Level
1 2 2 (Low)
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7]k sl Bl Aolrh 100% g g ol = Acceptable
AR st Sl st QR YR s
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sl

Ventilation (example)

Figure 11. Method example to lower the exposure level of chemicals.
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