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A Study on Selecting Personal Protective Equipment for Listed Hazardous
Chemicals (1): Analysis of Hazard Ranks and Workplace Exposure Risks
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*Department of Occupational Health and Safety Engineering, Inje University
**Research Development and Education Division, National Institute for Chemical Safety

ABSTRACT

Objectives: According to the new Chemical Control Act from the Korean Ministry of Environment (2014-
259), workers handling hazardous chemicals should wear personal protective equipment (PPE). However
the act simply states in basic phrases that every worker handling one or more of the 69 listed chemicals
should wear PPE and does not consider the unique hazard characteristics of chemicals and work types. The
main purpose of this study is to provide basic data to revise the act to suit particular work processes and
situations.

Methods: The hazard rank of the substances was classified based on hazardous characteristics such as LC50 and
vapor pressure using matrix analysis. The workplace exposure risk of the substances was also determined
through a matrix analysis based on the previously determined hazard ranks and the demands of manual handling
together with the likelihood of accident frequency of the operation combined with the exposure of workers
during spill accidents.

Results: To meet the demands for developing subsequent guidelines for the risk-based application of PPE in
hazardous workplaces, this study sorted the 69 listed chemicals into five hazardous categories based on their
LC50 and vapor pressures, and also assigned exposure categories according to exposure vulnerability for various
types of work which are frequently performed throughout the life cycle of the chemicals.

Conclusion: In the next study, an exposure risk matrix will be produced using the hazard rank of chemicals and
workplace exposure risk, and then PPE will be selected to suit the categories of the exposure risk matrix.

Key words: Hazard rank, hazardous chemicals, personal protective equipment (PPE), workplace exposure
risk
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® Hazard Ranks of
Chemicals

@ Related References
for PPE

@ Workplace Exposure Risk

I

I

® Matrix

® Selection Guide of PPE for
Hazardous Chemicals

Fig. 1. Flowchart to make selection guide of PPE for hazardous chemicals.
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Table 2. Classification of health hazard levels of chemicals by NFPA704
Health Hazard
Category 4 3 2 1 0
LC50/Gas (ppm) <1000 1001~3000 3001~5000 5001~10000 >10000

* LC50(1 hr) > 10000(ppm) : Very low inhalation toxicity (Level 0)
* 1000(ppm) < LC50(1 hr) < 10000(ppm) : Considerable inhalation toxicity (Level 1,2,3)
* LC50(1 hr) < 1000(ppm) : Very high inhalation toxicity (Level 4)
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Fig. 3. Level of classification of hazards ranks for
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Table 3. Hazard rank of hazardous chemicals

Names of Chemicals

Hazard Ranks Serial No. - CAS No.
Korean English
2 RS R A=t Methyl hydrazine 60-34-4
12 F2A Phosgene 75-44-5
16 HendAE Methyl vinyl ketone 78-94-4
22 olA =g 2l Acrolein 107-02-8
37 olzmd Y FEdol= Acryloyl chloride 814-68-6
5 47 A 3}el Phosphorus trichloride 7719-12-2
(No. of Total 12) 51 o= A Arsine 7784-42-1
53 X2y Phosphine 7803-51-2
54 SAFsHd Phosphorus oxychloride 10025-87-3
55 ol Atst g & Chlorine dioxide 10049-04-4
56 gre Diborane 19287-45-7
68 A O-Isopropyl methyl phosphonofiuoridate 107-44-8
1 ZEJdY = Formaldehyde 50-00-0
8 AlQbstE A Hydrogen cyanide 74-90-8
10 o33l eb 4 Carbon disulfide 75-15-0
18 g oladgelE Methyl acrylate 96-33-3
24 olmdEYEZ Acrylonitrile 107-13-1
31 Egogotnl Triethylamine 121-44-8
34 g el®l Ethylenimine 151-56-4
(No. of ‘"‘Fotal 15) 35 EFdl24-t]o] Aol o] E Toluene-2,4-diisocyanate 584-84-9
40 tol ARl AXE Isophorone diisocyanate 4098-71-9
43 Z202344 Hydrogen fluoride 7664-39-3
48 Z25od Fluorine 7782-41-4
49 AA Chlorine 7782-50-5
50 e Hydrogen sulfide 7783-06-4
57 AbshA 2 Nitric oxide 10102-43-9
69 Ak 2t Cyanogen chloride 506-77-4
3 ZE Formic acid 64-18-6
6 s e Methy! chloride 74-87-3
11 2Akslol g & Ethyleneoxide 75-21-8
13 Eg v dolwl Trimethylamine 75-50-3
14 Abshax 2 g3 Propylene oxide 75-56-9
20 S UEZEFCN 4-Nitrotoluene 99-99-0
21 d3t Wz Benzy! chloride 100-44-7
23 a4 FRgol= Allyl chloride 107-05-1
3 26 ddegFE Allyl alcohol 107-18-6
(No. of Total 19) 27 We-I2Y = m-Cresol 108-39-4
29 e Phenol 108-95-2
30 B Eoly n-Butylamine 109-73-9
36 A sbster s Carbon monoxide 630-08-0
39 W gAE Fitst= Methy! ethyl ketone peroxide 1338-23-4
42 A5, A Hydrogen chloride 7647-01-0
44 oo} Ammonia 7664-41-73
46 A% Nitric acid 7697-37-2
52 FR22EEA Chlorosulfonic acid 7790-94-5
58 ez Nitromethane 75-52-5
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Table 3. Hazard rank of hazardous chemicals (continued)
. Names of Chemicals
Hazard Ranks  Serial No. - CAS No.
Korean English
4 | e Methanol 67-56-1
5 il A Benzene 71-43-2
7 v g o} rl Methylamine 74-89-5
9 o3lud Vinyl chloride 75-01-4
15 e gaAE Methyl ethyl ketone 78-93-3
(No. onTotal 1 17 of=1d Acrylic acid 79-10-7
19 UEZulA Nitrobenzene 98-95-3
25 o g dt]olwl Ethylenediamine 107-15-3
28 E2q Toluene 108-88-3
32 oA EAte " Ethyl acetate 141-78-6
61 HAE A Hydrogen peroxide 7722-84-1
33 Al SV E Sodium cyanide 143-33-9
38 el3loldd Zinc phosphide 1314-84-7
41 UHEFH Sodium 7440-23-5
45 I, Sulfuric acid 7664-93-9
59 Ao H Ammonium nitrate 6484-52-2
1 60 A Apal Hexamine 100-97-0
(No. of Total 12) 62 oA 1A E Potassium chlorate 3811-04-9
63 AXZLF Potassium nitrate 7757-79-1
65 IR A= Potassium permanganate 7722-64-7
65 I A 4F Potassium perchlorate 7778-74-7
66 AL} EF Sodium chlorate 7775-09-9
67 HAALEE Sodium nitrate 7631-99-4
© ZARe FE2A TA @ FZAFL WIx(Accident frequency)
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Table 4. Example of workplace exposure risk (WER) by expert group

Manual Accident Exposure A+BLC  Risks
demand(A)  frequency(B) level(C)
Process Work types LI
2 3 1 2 3 1 2 3 3~9 1, 1V
Chemical loading and unloading from tank N o 4 I
truck
Fluid chemical transfer using electric or N o 4 I
pneumatic pump
Fluid chemical transfer using hand driven
e o . 7 I
dine & portable pump
Loa g Transportation of chemicals by public road
unloading, wavs . . ° 4 I
transportation Y - -
Transportation of chemicals by vehicles o R o 4 I
within workplace
Loading and uflloadmg of chemicals in o o N 7 I
enclosed containers
Loadl.ng and unloading of baggage packed o o o 6 I
chemicals
Manual washing of containers . . . I
Manual washing and treatment of metals . . ° I
Feeding and mixing o'f liquid chemicals in o o N 3 v
opened system containers
. Cleaning of filter bags and dust filters ° . . 7 111
Operation Cloani ; -
eaning of process equipments(open . N o 4 I

system)
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Table 5. Final workplace exposure risk with work types

Process

Work types

Risks

Loading &
unloading,
transportation

Chemical loading and unloading from tank truck

Fluid chemical transfer using electric or pneumatic pump

Fluid chemical transfer using hand driven portable pump

Transportation of chemicals by public road ways

Transportation of chemicals by vehicles within workplace

Loading and unloading of chemicals in enclosed containers

Loading and unloading of baggage packed chemicals

Operation

Manual washing of containers

Manual washing and treatment of metals

Feeding and mixing of liquid chemicals in opened system containers

Cleaning of filter bags and dust filters

Cleaning of process equipments(open system)

Switching of process lines(open system)

Conveying of product or intermediate products (open system)

Moving of opened containers or chemical container bags within process area

Feeding and mixing of solid chemicals in opened containers

Centrifuge or filter pressing, and drying of solid products(open system)

Cleaning of small spills within process area

Conveying of products in open system (liquid or solid chemicals)

Uploading of solid products in storage area (bulk or bagged)

Sampling within process area

Laboratory tests in fume hood within process area

Feeding and mixing of chemicals within enclosed containers

Centrifuge or filter pressing, and drying of solid (closed system)

Manual moving of enclosed containers within process area

Inspection of liquid transfer equipments

Uploading of enclosed product containers in storage area

Waste, disposal

Collection and sorting of waste chemicals

Transportation of chemical wastes within work site

Off-site deporting of chemical wastes

Stacking and storing of chemical wastes within work site

Emergency
operation

Manhole opening of chemical reactors

Indoor chemical spills

Indoor chemical spills from pressurized containers

Indoor chemical spills from pipings

Outdoor chemical spills from fluid transfering equipments

Outdoor chemical spills from pressurized containers

Outdoor chemical spills from pipings

Indoor chemical spills from atmospheric containers

Outdoor chemical spills from atmospheric containers

Indoor chemical spills from process instruments

Outdoor chemical spills from process instruments

Sigla|gEgegI=22I=2—~mamg~—~EmamgmE 88 "8 EH|=Z22=2=2 =22~ |~ 8=28|H
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Table 5. Final workplace exposure risk with work types

Process Work types Risks

Maintenance works within enclosed space

Maintenance works on process equipments in operation

Leak inspection on process equipments in operation

Maintenance - - -
General maintenance works on dissembled equipments

Non-destructive inspection of process equipments

General maintenance works in open space (during shut-down period)

Drainage operation

General maintenance

Others Security inspections around storage area

Cleaning of storage area
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General inspection and patrol
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