Fire Sci. Eng., Vol. 32, No. 5, pp. 22-33, 2018
DOI: https://doi.org/10.7731/KIFSE.2018.32.5.022

[Research Paper]

SASIOR| QIHTIE A

ISSN : 2508-6804 (Online)
ISSN : 1738-7167 (Print)

o1

*

== - 0|=5

Study on the Safety Standard Establishment of Halogen Clean
Extinguishing Agents

Jung-Rae Cho' - Jong-Ho Lee’

Manager, Korea Occupational Safety and Health Agency

"Professor, Department of Fire Service Administration, Wonkwang University

(Received September 5, 2018; Revised September 28, 2018; Accepted October 16, 2018)

F

ko

10

shAfol] that 973k 4381, A4 9 bREo] FA Bv 5o Ao T SRASREAAY L5 oA 9] A
&7l S7FskaL Ak ARt Fal ol thek A3 k7]l ’%Véﬂ A 2 FH = ARE O] APFARAL T2 A
a7} ohgetal Q= AAolth B =2 £3 2 APATE T3 FEANSNFEH A Ao O] AT AM-S S
WA w2157 ks BUE P AAE B BN %611*3 ZA 8 A RET APS T A
& A4S Adstaa stqich
ABSTRACT

The amount of halogen clean fire extinguishing agents has been increased by the excellent features of extinguishing,
adaptability and no residue. On the other hand in situations without a hazard assessment and safety standard of agents,
chemical accidents by the agents occurs frequently. This study was performed to propose the halogen clean agents’

regulatory exposure limit and safety standard including the quantitative ventilation system with gas leak monitoring, hazard
recognition and optimal personal protection selection through a literature review and experimental research.
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Table 1. The Representative CFCs Substitutes''”

A ashofa] krE

Aol B AT 23

Agents CAS No. (Ta;l:g(e):tﬂgtr};an) ODP” GWP™ S(z;fz';); Manufacturer
HCFC-123 306-83-2 Liver 0.020 77 Al Du pont
HCFC-124 2837-89-0 0.022 609 Al Du pont
HCFC-22 75-45-6 Cardiovascular System 0.055 1810 Al Du pont
HFC-134a 811-97-2 0 1430 Al Du pont
HFC-227¢a 431-89-0 Cardiovascular System 0 3220 Al Du pont
HFC-236fa 690-39-1 0 9810 Al Du pont

:*Ozone Depletion Potential: relative to CFC-11

) Global Warming Potential: based on 100-year horizon, relative to CO,

" ASHRAE standard 34: Designation and safety classification of refrigerants

Table 2. ASHRAE Standard 34, Designation and Safety Classification'”
Higher A3 B3
Lower A2 B2

Flammability No Flame Propagation Al B1
Lower Toxicity Higher Toxicity

Toxicity

Table 3. Toxic Gas Classification of the National Acts

High-pressure Gas Safety Act

The Occupational Safety and Health Act

Toxic Gas: LCso < 5,000 ppm

Acute Toxicity chemical: LCsp < 2,500 ppm

ZASRMEAA LA E 11 SAELYAE EFsta
=275 7]zl A EH AR Fot ALEA 9F
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Table 2= American society of heating, refrigeration and
air-conditioning engineers (ASHRAE)ol| 4] CFCs thx] =71
sigtES H43 sl wet 723 EFEeIth U
A= F47IAE AT B ] I AP AR
oAl Table 33} Zo] LCsy(RFFAIAFEE)S 7202 2H2}t
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TWA 50 ppmET} B2 o] o) GE-9] Japan society
for occupational health (JSOH) TWA 10 ppm< Z33}=
Folth

T+ HA A= 2011d 79 I ULE A SE RY57]A
oA W&l sl F IFYWHCFC-123)0] i1E%
TEE A3FY AAEEVE 39438 FAHCFC-123F
ol o7t A B2 )Ehe] ZEAL 49 o] AR ¢
g A2 o2 AR Abg|olt. Figure 12 A s 2=AF 2
oA Computational fluid dynamics (CFD)E2 &S 53
HCFC-123 F&#o| WE AasEHss 53 272

TE 5 oF 2040 s ool AFAEETF 12-14% HE9] 9

T

Fire Sci. Eng., Vol. 32, No. 5, 2018



24

Table 4. The HCFC-123 Concentration Assessment of Disaster Investigation(l)

TWA Assessment STEL Assessment
Worker E B
Personal Xposure li Xposure i
S(ampling) concentration T?;I:p(;lii) (TWH?) Concentration T?rir:p (:111%1 )
(ppm) PP (ppm)
Range 69.5~115.6 - 19.1~20.9 114.6~193.4 AlIHA: 50 ppm
A 91.6 89 20.1 149.3 15 JSOH: 10 ppm
B 115.6 87 20.9 193.4 15
C 71.8 131 19.6 114.6 15
D 69.5 132 19.1 114.9 15
208 108 608
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Figure 1. Monitoring of O, concentration at disaster workplace by CFD modeling(z).
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OFELs setting

(Occupational Exposure Limit)

Gas Leak Monitoring +
Ventilation(Interlock)

Halogen clean agents
Safety standards

Toxicity Information
Offering

Optimum Respirator
Selection

(a) OELs and safety standard setting

Toxic Data

NOAEL Rfcworker

OELs

NOAEL

Bf Coorker = T 2P

(b) RfCyorier (ppm) and OELs calculation®

Figure 2. The schematic diagram of OELs and safety standard setting.

Chemical Exposure Control

{ Engineering Control ‘ kAdministration controll

Ventilation

Hazard Recognition

Monitoring Personal Protection

Figure 3. The chemical exposure control recommended by AIHA"?.
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(a) OELs calculation method

Figure 4. The flow diagram of chemical exposure limit setting(g).

Table 5. The OELs Related Terms Definition”

o|FE
100
Response(%)
50
LOAEL
NOAE‘I/: LCso
Dose(ppm)

(b) Toxic data for calculation of RfCyoer (NOAEL)

TWA
(Time Weighted Average)

Time Weighted Average Concentration for a Normal 8 hr Workday and a 40hr
Workweek, to which Nearly all Workers May be Repeatedly Exposed, Day after Day,
without Adverse Effect

The Concentration to which Workers can be Exposed Continuously for a Short Period

STEL . . - . . .
(Short T E Limit) of time (15 min) without Suffering 1) Irritation, 2) Chronic or Irreversible Tissue
ort Term Exposure Limi
P Damage Etc
C The Concentration that should not be Exceeded During Any Part of the Working
(Ceiling) Exposure
DLH IDLH Values are Established (1) to Ensure that the Worker can Escape from a Given
a diatelv D to Lif Contaminated Environment in the Event of Failure of the Respiratory Protection
mmediate angerous to Life or
Y 0 ih) Equipment and (2) to Indicate a Maximum Level above which Only a Highly Reliable
eal

Breathing Apparatus, Providing Maximum Worker Protection, is Permitted.

Table 6. Experiment Conditions

Fire Extinguisher

HCFC-123 (270 g)

Monitoring System

FTIR

Model Dimension

L30 cm x W30 cm x H30 cm

Ventilation Conditions

D Confined @ Natural Ventilation 3 Mechanical Ventilation

Mechanical Ventilator

Portable Electric Fan (0.85~3.46 m/s)
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Experiment apparatus

Extinguisher spray

Figure 5. The picture of experimental apparatus.

(D Halogen clean agents
@ Ventilation system

(@ FTIR monitoring system
@ Computer

Figure 6. The schematic diagram of the experiment (Monitoring
and ventilation system).
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Toxicity Data

NOAEL" : 1,000 ppm (Liver Injury), 6 hr/5 day/4 Week

NOAEL : 10,000 ppm (Cardiac Sensitization)

"NOAEL: No Observed Adverse Effect Level
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Table 8. The Calculation of RfCyuker Value for HCFC-123?

Item Step of Progress Correction Factor Calculation of RfCyorker
NOAEL = 1,000 ppm
POD NOAEL (6,250 mg/m’)
(Point of Departure) (Inhalation) (Rat, Liver Effect)
(6 hr, 5 Day, 4 Week)
Exposure Time/ § hr
Step 1 Adjustment* x Day of Week Exposure/ 0.5
Quantitative 5 Days x 0.83 / 1.25
Correction Equivalent+ 1 1
Total Correction 0.5
UF1 3
(Inter Species Uncer.)
UF2 3
(Intra Species Uncer.)
Step 2 UF3 0
Uncertainty (Duration Uncer.)
Correction UF4 NOAEL : 1 1
(Severity Uncer.) LOAEL : 10
MF 1
(Moditying Factor)
Total Uncertainty 90
Total Uncertainty (UFs x MF) / Total Correction (Adj x Equ) 180

Reference Value (RfCyorker, ppm)t

1,000 ppm / 180 = 5.55 ppm

"Adjustment : Dosimetric Adjustment Factors for Gases having High Activity and High Water Solubility
"Equivalent : Adverse Effects Exhibits in the Extrathoracic Region (Eth), Tracheobronchial Region (TB), or Pulmonary Region (PU)
1 RfCuorer Means Reference or Safety concentration in Workplace

Table 9. Uncertainty Factor (UF) for Calculating the RfCyorker)

US EPA Uncertainty Factor (UF) Value
UF1 Interspecies Uncertainty 1, 3, 10
UF2 Intraspecies Uncertainty 1, 3, 10
UF3 Duration Uncertainty 10
UF4 NOAEL/LOAEL Uncertainty 1, 10
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Table 10. The Occupational Exposure Limits (OELs) Establishment
by Foreign Organization for HCFC-123

L TWA
Organization 3
ppm | mg/m ppm

50 - - -
10 63 - -
10 62 -
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Figure 7. Experiment results for verifying the concentration reduction effects with the ventilation rate.
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Figure 8. The graph of ACH vs fan velocity.
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(a) HCFC-123 monitoring results by FTIR
Figure 9. FTIR monitoring system of HCFC-123.
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Table 11. CHEM-i Result of HCFC 123"
CHEM-i HCFC 123
- CAS No: 306-83-2
- Physicochemical Characteristic
C
(Component and Content) boiling Point Flash Point Vapor Pressure Specific Gravity
28 C 9T 14 Pa 1.5
- Injury of Liver
H - Injury of Cardiovascular System
(Hazard and Storage) ury . Y
- Eye Irritation
E - Substitution or Elimination
(Exposure Control) - Isolation from the Source
P - Ventilation, PPE (Personal Protective Equipment)
M - Elimination of Ignition Source, Fire Extinguisher: Dry Sand
(Management of Emergency) - Wash the Eye and Skin with the Pure Water
Table 12. Occupational Safety and Health Administration (OSHA) Respirator Selection Standard®"
Assioned P ion F APF) = q(gasconcentrationoutsidetherespirator)
Ssigne rotection Factors ( ) = (&4 (gas concentrationinside the respirator)
Type of Respirators Quater Half Full Helmet Loose-fitting
P P Mask Mask Facepiece /Hood Facepiece
A1r-Pu'r1fymg 5 10 50
Respirator
Powered Air-Purifying 50 1,000 25/1,000 25
Respirator
Supplied-Air 50 1,000 1,000 25
Respirator
Self-Contained
Breathing Apparatus 10,000 10,000
dol & =4S IFREITE, SEEEE o A F AR RDE AR 2FH o of gtk 7B T 570
g40] ol MR WA Frelol THAES YoE  oo] ARE Bl Aol FrY & e BB A
EAe 3EERET ol HEo| BE A7 M 5 o FrlHo® HWoby, B3Il BE A 5o Hgo
F7I2 HEES dfof Itk EFERITY BT A AAsteiof & Aotk
HAE o F SolBW 5FE HITE 227} OELsO]
ol 22 =EL FAN] A3 S7kne) =BT 4.4 =2
FEgF wEl A4 RS A S(Assigned protection factor,
APF)¢] HE 75 H&sl= Zlo] F23Ith Table 12 V] 2 AFeAE 548 SAE ] BAE Falstet=d
= OSHAONA Al gsh= & 27 APFFEl Whe B3 ]l HCFC-1235 =33 d=A38gh=% éii} Fzl ol thgh
T AAES A2 BFT Atk AP BoHAFE  =E/)EH A/ ES A 48] ATk HCFC-
(A1 BEY AP BE BETE AAEokn Aokl 1239 wEAIEE BESAALE TEE FA9H, o
AdzdNME I F71EF7I(SCBA)E 2Hg3loF & A ekH7]FE S Z 9]k (extrapolation), RfFCyoner 28 2 AFS]
& o 5 9tk Table 138 BEEAY B4, ABFECLE AAA-A1EH GRS Bl HF =27)F 10 ppme
FEFD)O WE ERET AH()ES KOSHA-Guideoll A & AT 718ke] F40] Sl d2AAsghEA A aster
A oItk RaTE ¢k7|FEo® Foha X9k ¥ A|(HCFCs, HFCs 5)°ll WslM= FUd HA2 =&7]F
gate] HEEA] A A ojof 3h= 5O F KOSHA, OSHA & AAT A& F7H o2 ARkttt F=AsE44
(FIFAIAARAY) B0 712g Frate) Ao ns  ssjebde] AT AEL AT BAINELS (1) hAEE
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Table 13. Respirator Recommendation Example for each Toxic Gas (HCFC-123)

(17)

OELs
NO Chemical Name CAS NO
TWA (ppm) STEL (ppm)

1 HCFC-123 10 - 306-83-2

IDLH (ppm) Molecular Weight Odor Boiling Point (‘C) | Vapor Pressure (Pa, 25 ) LEL (%)
1,000 (recommend by Ethereal Non-
152. 2 14 .

manufacturer) 52.93 Odor 8 Combustible

Exposure Route Inhalation, Dermal contact

- Low concentration(ppm scale): Acute liver dysfunction

Toxici . . .
v - High concentration(% scale): Suffocation
Recommended - Low concentration(ppm scale): Gas mask
Respirator - High concentration(% scale): Supplied air respirator

(D Halogen clean agents
@ Ventilation system

@ FTIR monitoring system
@ Alarm system

Figure 10. Schematic diagram of setting the safety standards of
halogen clean agents.
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