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Abstract - Process safety management(PSM) system was implemented in Korea since 1996. It helps reduce
and prevent the occurrence of chemical accidents. There has been no review on the feasibility of the threshold
quantities of the existing 21 species and the newly added toxic substances such as hydrogen bromide in the
PSM system. The threshold quantities of the target toxic substances(25 species) of PSM were compared with
domestic and foreign PSM systems similar to those of Korea. Also, we proposed the toxic harmfulness and
hazard equation consisted of inhalation toxicity, NFPA index and others. According to this equation, high risk,
medium risk and low risk are classified and reflected in the adjustment of threshold quantities. From the above
research, It is expected to help to reduce confusion and burden of the workplaces due to the difference from oth-
er PSM system and improve in the threshold quantities.
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(@) Submission of process safety report

(Within 30 days after receipt)

® Motification of assessment results

@ Motification of assessment results

MOEL

Assessment / Verification
( adequacy, conditional adequacy,

@ verification of sites

request for verification )

{ Within 1 month of receipt of the

inadequacy)

Notification of verification results
{ Within 15 days of verification)

(6) Administrative measures

Fig. 1. Assessment and verification procedures of process safety report.
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Table 1. The comparison of the threshold quan-
tities of between PSM and RMP

Threshold quantities(kg)
Substances B R
Methyl isocyanate 150 -
Phosgene 750 750
Ammonia(anhydrous) 200,000 20,000
Chlorine 20,000 10,000
Sulfur dioxide 250,000 -
Sulfur trioxide 75,000 -
Hydrogen cyanide 1,000 1,500
ﬂuongzzlrr?f;grom) 1,000 1,000
Hydrogen chloride(anhydrous) 20,000 20,000
Hydrogen sulfide 1,000 1,000
Phosphine 50 500
Toluene diisocyanate 100,000 20,000
Hydrogen bromide 2,500 -
Benzyl chloride 750,000 10,000
Chlorine dioxide 500 20,000
Bromine 100,000 -
Nitric oxide 1,000 750
Boron trichloride 1,500 -
Boron trifluoride 150 -
Chlorine trifluoride 500 -
Fluorine 20,000 1,000
Cyanuric fluoride 50 -
Nitrogen trifluoride 2,500 -

a) Threshold quantities of manufactures, handlings & stores
b) Threshold quantities of keeps & stores
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Table 2. The comparison of the threshold quan-
tities of among PSM(Korea), PSM(USA),
RMP(USA) and COMAH(UK)

Threshold quantities(kg)
Substances PSM” | PSM | RMP | COMAH"”
(Korea) | (USA) | (USA) (UK)
Methyl isocyanate | 150 1135 4,540 -/150
Phosgene 750 454 227 300/750
Ammonia 50,000/
(anhydrous) 200,000 | 4,540 4,540 200,000
. 10,000/
Chlorine 20,000 | 681 1,135 P
Sulfur dioxide | 250,000 454 2,270 -
.. 15,000/
Sulfur trioxide | 75,000 | 454 4,540 .
. 5,000/
Hydrogen cyanide| 1,000 454 1,135 20,000°
Hydrogen fluoride 50,000/
(anhydrous) 1,000 454 454 200,000°
Hydrogen chloride 25,000/
(anbydrous) 20,000 | 2270 | 2270 250,000
. 5,000/
Hydrogen sulfide | 1,000 681 4,540 20,000
. 200/
Phosphine 50 454 2,270 10,000
Toluene 100,000 | - 4,540 -
diisocyanate
Hydrogen 50,000/
bromide 2500 | 2270 ) 200,0007
Benzyl chloride | 750,000 - - -
. L. 5,000/
Chlorine dioxide 500 454 454 20, )
. 20000/
Bromine 100,000 681 4,540 100,000
Nitric oxide 1,000 114 4,540 -
Boron trichloride | 1,500 1,135 2,270 -
o 5,000/
Boron trifluoride 150 114 2,270 20,000
Chlorine 50,000/
trifluoride 500 454 ) 200,000d)
. 10,000/
Fluorine 20,000 454 454 20,000
Cyanuric fluoride 50 45.4 - -
Nitrogen 2,500 | 2,270 - -
trifluoride

a) threshold quantities of manufactures, handlings & stores
b) lower tier/upper tier requirements

c) category 1 of toxic hazards in COMAH

d) ategory 2 of toxic hazards in COMAH

e) category 3 of toxic hazards in COMAH
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Table 3. The harmfulness and hazards for toxic substances

Toxicit: iteri
Substances | NFPA oxicity criteria(ppm) Health hazards of GHS
IDLH | TWA |ERPG-2|LC50
Methvl Acute toxicity(inhalation:vapours)(1), acute toxicity(oral 3, dermal 3),
isoc ari;lte 4/3/2 3 0.02 0.25 7.47 | skin corrosion/irritation(2), serious eye damage/eye irritation(1), specific
¥ target organ toxicity(1), reproductive toxicity(2)
Phosgene 40/ 2 o1 05 49 ) Acute toxicit'y(.irﬂlfllation 1), skm corrosion/initati('n%@), serious eye
mg/m | damage/eye irritation(2), specific target organ toxicity(1)
Ammonia Acute toxicity(inhalation 3), skin corrosion/irritation(1), serious eye
3/1/0 300 25 150 |2,000| damage/eye irritation(1), specific target organ toxicity(1~2), reproductive
(anhydrous) ..
toxicity(2)
A icity(inhalation 2), ski sion/irritation(1), seri
Chlorine 4000 10 05 3 203 cute t0x101t.y(}n ?latlon ), 9 n corroslon/lmtatlc.)n.( ), serious eye
damage/eye irritation(1), specific target organ toxicity(1)
Sulfur dioxide | 3/0/0 100 5 3 2520 Acute toxicity(in.hfllation 3), serious eye damage/eye irritation(2), specific
target organ toxicity(1)
.. 10 (0375 . e . .
Sulfur trioxide | 3/0/2 - - skin corrosion/irritation(1), serious eye damage/eye irritation(1)
mg/m3 |mg/ |
Hydrggen 441 50 ) 10 142 fAc'ute. toxicity(inl?a'lation 1, oral 1, d.erfnal 1), serious eye damage/eye
cyanide irritation(2), specific target organ toxicity(1)
Hydrogen Acute toxicity(inhalation 2), skin corrosion/irritation(2), serious eye
fluoride 4/0/1 30 0.5 20 342 | damage/eye irritation(1), specific target organ toxicity(1), reproductive
(anhydrous) toxicity(2)
Hydr
Y o.gen 4.2 | Acute toxicity(inhalation 3, oral 3), skin corrosion/irritation(1) serious
chloride o 0 ! 20 mg/ | | eye damage/eye irritation(1), specific target organ toxicity(1)
(anhydrous) 8 Yy ge/ey , Sp! get org; Y
Hydr?gen 4400 100 10 30 444 Acute toxicity(in‘hfllation 2), serious eye damage/eye irritation(2), specific
sulfide target organ toxicity(1)
Phosphine 4/4/2 50 0.3 0.5 11 | Acute toxicity(inhalation 1), specific target organ toxicity(1)
Toluene 0.34 | Acute toxicity(inhalation:vapours)(1), skin corrosion/irritation(2), serious
.. 3/1/2 25 0.005 0.15 . e ..
diisocyanate mg/ | | eye damage/eye irritation(2), specific target organ toxicity(1)
Hydrogen 30,0 30 ) ) 1,430 Acute tox.ic'ity(inhalation 3), skin corrosion/irritation(1), specific target
bromide organ toxicity(1)
Benzyl 074 Acute toxicity(inhalation:vapours)(1), Acute toxicity(oral 4), skin

~y 3/2/1 10 1 10 ) corrosion/irritation(1), serious eye damage/eye irritation(1), specific target
chloride mg/ 1 ..

organ toxicity(1)

. Acute toxicity(inhalation 1), skin corrosion/irritation(2), serious eye
Chlorine N . . .
dioxide 3/0/4 5 0.1 0.5 32 | damage/eye irritation(2), specific target organ toxicity(1), reproductive

toxicity(2)
Acute toxicity(inhalation:vapours)(1), acute toxicity(oral 3), skin
Bromine 3/0/0 3 0.1 0.5 - corrosion/irritation(1), serious eye damage/eye irritation(1), specific target
organ toxicity(1)
Nitric oxide | 3/0/0 100 25 15 870 | Acute toxicity(inhalation 3), specific target organ toxicity(1)
Boron 3012 ) ) ) 1270 Acute toxicity(inhalation 3), skin corrosion/irritation(1), serious eye
trichloride i damage/eye irritation(1), specific target organ toxicity(2)
Boron 4071 25 ) 30 1180 | Acute toxicity(inhalation 2), skin corrosion/irritation(1), serious eye
trifluoride mg/ni | damage/eye irritation(1), specific target organ toxicity(1)
Chlorine 403 20 h 150 Acute toxicity(inhalation 2), skin corrosion/irritation(1), serious eye
trifluoride damage/eye irritation(1), specific target organ toxicity(1)
Fluorine 40/4 25 h 5 905 Acute t0x101ty(1@?latlon 1), Sel’lOl..lS eye .d?mage/eye irritation(2), specific
target organ toxicity(1), reproductive toxicity(2)
Cyanuric 4000 3 Acute toxicity(inhalation 2, dermal 2)
fluoride skin corrosion/irritation(1), serious eye damage/eye irritation(1)
Nitrogen s . . -
trifluoride 1/0/0 | 1000 10 400 | 6700 | Acute toxicity(inhalation 4), specific target organ toxicity(2),

Sl - St 7}~ 83 2] A21 A4% 2017 8¢



Table 4. The classification of other toxicity ha-
zards for toxic substances

S

Table 5. The classification of toxicity criteria con-
centrations for toxic substances

FUFND FFE F NG5S 2 Eou, :

f
Score | Sum o Classification for sum of other Score Toxicity criteria ..
Class of other . . Class of . Toxicity substance
.. toxicity concentration(ppm)
class | toxicity class
Methyl isocyanate(7), 1 5 1 < max. con. -
Ammonia(anhydrous)(8),
Chlorine(7), Hydrogen Methyl isocyanate,
fluoride(anhydrous)(8), Hydrogen Phosgene, Sulfur
1 3 7, 8 | chloride (anhydrous)(7), 1 < max. con. trioxide, Toluene
Hydrogen bromide(7), Benzyl 2 4 <50 diisocyanate, Benzyl
chloride(7), Bromine(7), Boron chloride, Chlorine
trichloride(7), Chlorine dioxide, Bromine,
trifluoride(7) Boron trichloride,
Cyanuric fluoride
Phosgene(5), Sulfur trioxide(5),
) 2 4~ 6 Toluene diisocyanate(5), Chlorine Chlorine, Phosphine,
dioxide(6), Boron trichloride(6), Hydrogen cyanide,
Fluorine(4), Cyanuric fluoride(5) Hydrogen
fluoride(anhydrous),
<
Sulfur dioxide(3), Hydrogen 3 3 50 <H;X.d con. Hydrogen
3 1 L ~3 cyanide(3), Hydrogen sulfide(3), chloride(anhydrous),
Phosphine(2), Nitric oxide(2), Hydrogen sulfide,
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Fluorine
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Table 6. The classification of harmfulness and hazard for toxic gases

Substance Fire index of | Reaction index | Rating score of | Other toxicity |Toxicity criteria Sum Class
NFPA of NFPA acute toxicity hazard concentration of risk
Hydrogen cyanide 4 1 60 1 3 69
Phosphine 4 2 50 1 3 60
Chlorine dioxide 0 4 50 2 4 60 High
Fluorine 0 4 50 2 3 59
Phosgene 0 1 50 2 4 57
Chlorine trifluoride 0 3 40 3 3 49
Hydrogen sulfide 4 0 40 1 3 48
Boron trifluoride 0 1 40 3 4 48 Medium
Hydrogen fluoride
(anhydrous) 0 1 40 3 3 47
Chlorine 0 0 40 3 3 46
Hydrogen chloride
(anhydrous) 0 1 33 3 3 40
Sulfur trioxide 0 2 30 2 4 38
Boron trichloride 0 2 30 2 2 36
Ammonia
(anhydrous) 1 0 30 3 2 36 Low
Hydrogen bromide 0 0 30 3 2 35
Sulfur dioxide 0 0 30 1 2 33
Nitric oxide 0 0 30 1 2 33
Nitrogen trifluoride 0 0 20 1 1 22
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Table 7. The classification of harmfulness and hazard for toxic liquids

Substances Fire index |Reaction index Rating score Other toxicity | toxicity criteria Sum Class of
of NFPA of NFPA of acute toxicity hazard concentr-ation risk
Methyl isocyanate 3 2 56 3 4 68
Benzyl chloride 2 1 52 3 4 62
High
Bromine 0 0 53 3 4 60
Toluene diisocyanate 1 2 50 2 4 59
Cyanuric fluoride 0 0 44 2 4 50 Medium
Table 8. The adjustment for toxic substances of PSM targets
Threshold quantities(kg)
Substances Remarks
Exist Modification
Methyl isocyanate 150 1,000 Increase
Phosgene 750 500 Decrease
Ammonia, anhydrous 200,000 10,000 Decrease
Chlorine 20,000 1,500 Decrease
Sulfur dioxide 250,000 10,000 Decrease
Sulfur trioxide 75,000 10,000 Decrease
Hydrogen cyanide 1,000 500 Decrease
Hydrogen fluoride, anhydrous 1,000 1,000 -
Hydrogen chloride, anhydrous 20,000 10,000 Decrease
Hydrogen sulfide 1,000 1,000 -
Phosphine 50 500 Increase
Toluene diisocyanate 100,000 2,000 Decrease
Hydrogen bromide 2,500 10,000 Increase
Benzyl chloride 750,000 2,000 Decrease
Chlorine dioxide 500 500 -
Bromine 100,000 1,000 Decrease
Nitric oxide 1,000 10,000 Increase
Boron trichloride 1,500 10,000 Increase
Boron trifluoride 150 1,000 Increase
Chlorine trifluoride 500 1,000 Increase
Fluorine 20,000 500 Decrease
Cyanuric fluoride 50 2,000 Increase
Nitrogen trifluoride 2,500 20,000 Increase
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