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Reference material for carrying out risk assessment on the hazards of chemicals
in order to prevent fires and explosions owing to runaway reactions and incompatibility
(Abstract)

Yoshihiko Sato®®, Yukiyasu Shimada'®, Haruhiko Itagaki®®

Since 2011, many major chemical companies have reported several major fire and explosion
accidents. This indicated that risk assessment in terms of chemical handling was insufficient, owing
to alack of understanding of their chemical reactions, which was a common point of the cause and
background of the major accidents. Therefore, it is necessary to promote a proper understanding of the
chemical reactions of these substances to carry out an appropriate risk assessment.

However, obtaining information on heat and gas generation resulting from
chemical reactions is often difficult due to lack of sufficient resources to actual measurements. In
addition, a detailed risk assessment method that considers logical and effective risk-reduction
measures requires significant specialized knowledge and effort; therefore, there is a possibility that
scenarios that lead to fires and explosions (hereinafter called scenarios) and risk-reduction
measures will not be effectively studied. Further, since specialized knowledge is required to
identify the chemical reactivity hazards and to examine the scenarios and risk-reduction measures,
effective communication of the information regarding such studies may not be conducted. As a
result, it is difficult to implement the measures outlined in the appropriate risk assessments of the
chemicals, to prevent fires and explosions. Therefore, to carry out more appropriate risk
assessments and thereby establish a safe working environment, it is necessary to provide the
following information at the implementation stage of a logical risk assessment and risk reduction:
the identification of chemical reactivity hazards and a list of sample scenarios and risk-reduction
Measures.

This document provides the reference information for carrying out risk assessments
to prevent fires and explosions owing to runaway reactions and incompatibility, targeting the batch/
semi-batch processes. Based on the premise that the risk assessment and risk-reduction measures are
carried out following the procedure compiled by JNIOSH, this document compiles the following
reference information at the implementation stage of the risk assessment and risk reduction: the
identification of chemical reactivity hazards, sample viewpoints on considering the scenarios, typical
scenarios, and risk-reduction measures to prevent fires and explosions owing to unintended chemical
reactions. It also introduces support tools, databases, and accident cases that can be used when
identifying the chemical reactivity hazards and scenarios in fires and explosions owing to runaway

reactions and incompatibility.

5 Chemical Safety Research Group
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WHLIZ-bDOTHS.

1990

ERFESDFT B LD AN-TZ RT LEZHSLER (FEHD) L, 2, 3 AE L
ok, AT —LPEFT 272 DBE) LIk, BRI SN2 Y o4
NER OKiE) LS L, @i Liz.

1982

AKAFRFIRERFRCO MY Zaa A Yo7 XVEE (TCCA) ORETRIZE N
T, AKREHTIERE L7z TCCA DOBiKEAT 5w LR SE L7z, Z 05
HERE O SSRIE PR 24T o TRy, BFEMEDRR Y IC XY, Pk Ktz
Z > T TCCA DA TWRZAEZE TRA LIZ72), TCCA LK &3
BRI ROSZ B SR Z U, RS U TR AERREAE L.
COBRICE Y 94T A BNERPEICRD L L BITTRED SRR TAG L
7-.

1981

FH R THICBNT, Ny FRABERUF O FIR TES, NEIZER- TR L
g~ raxv s Blb~ 72 v v niEGte) BANTHTeizd, v 7 X
T LI Z DFIZE ENTWIKG & DAL & & L CTRIMIIK TR EDTE
A, WEPNB LA L TRIEL, WEK 10m RO L2 ) BARICIHZE L TR
FHEICHE T Lz, 2 ORf, JFORNCOWIZEER LANBEIC X0 885, <1
W 246 kG E A STz,

1978

0-F ¥ L U DRI EAT O Wk 7 & VRIS FR BT, E AR
MU AF =23 L, TR 7 2 VERIERNICA > T2, ZOKBFIRIC &
DHEOK~ LA VERE OGS LT, XV, v~ LA VEREZRY, SHICTRHAR
§k & PG L TRIRBE K& A Uiz, HEshIc 2 O 0 ARRK LT, BET A
2By 7D BEA R L2 b 0.
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1971

ELFLHNICBNT, 7o b 7% VIEIC R BiRE Ok & fikE
HRH, IR L KB & o 7 MR U CEMRDHEH L, KK & 7o o7z, JRIRNE,
Ry X DERAEDT AR OIZD X v 7 NITIRA L fiffilc 10 id@me(k
IKERBFEFIRC L O RL, Wil (Lo VA Y TFAANLE ) — LD
BEY) ARRUC K DBRMEREAXENER LI b s.

1971

BRSO TR EICB N, 2= a7z = VAL T 2=yl R
AL TV, IHE TR & U C MU LR R A EAR R TR tk, HEICSH &
TIdTT 2y 7 w2V E 2 A, HOHBRIZZOT Y 70 b BEREH L, K
JRSEANERE LT, RN, 28R ok sy LB A AU LTk # &2 AT
OTRIESE LTo Dy, BRI OBEOTORERIGEREZ Lizbo L Bbhd.

1970

BETHEIZBWNT, M=y, Tba—)UHE, 7XLVEERIE = taet/lo—
A, HhE AL VAR 10 o REEE S BB ORGE L, A v TF %
Blo 7223 10 53121 0@3 Lic. IR & LTk, EHR A N OH % M 5 Rp il
BERIEPBEEBAIET= brEr—RZHFKL, RAITBRZ THBBEAIZES
WZHEK, K7 v A N Y T VT I ORI X B UG, RS
FZALATBEORERUKIE, NET bk,

1967

EET X OREMOT- DD TRRIZB W T, MENEIAE Lz ELT
S o Uk 2 — MR V& E LIEED, hEE Lo ek
DASTZ KT MEICH S TREHOKZ > 22— F bt LIAATE. 2Dz,
FORT NLEMUE U CNED LB LIk, IReT 2 o, Hbgk, An
FOSLTIBIEZR L, 44088K LT,

1966

AR TIS CTOE LGS OERDOOITICHENT, S SnizitBy 2z v —
T — (RRITWEME D DI1F) [T AT, —BEi I AdL, BiR A > F 2o
THIREORTEZ V- L 25, E—D—DERHRNZIFN TV T, B
REMETHEED TOZBRIER Uiz, JRIENE, S EZE CihE o Hfn &
WER RS THY, BV IBREEMENECT, ZOHESICEER, B
Bz bnfcbo b Bbhd.

1965

EFTHITIBNT, = ba Mz D AVR ALTRIGERICTRINE, Y v 7
v MCWEAKDOIEANE BRLET 2B RE O R s &AM &, Bk E IR
L CEGICRUSHE PR U 2 728, BOSZEDMESE Lz, JRIKNE, BUGED
PEHOAHEICRREZEL, Ly EENEYPEMEA L L0 L EbiLs.
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WERNS Tl (B, IBEUE, TIETRARE) OFREROH

EEOHBEE Z RM OIS B0 5 e (B, JRRE, FET A RE) OBEF
DIAEDFI 2 LTI,

(1) BERBDFIE DB
FTAPE BT K L, RRAE T ty, KRD BT 2 NS LTI, R ABLIC
AT LEVERS 5.

% A5 ORI & o OB 100

BB
(Wi T DR

0.9 Kb (BH) Ko #GRE

13 ADRERERNIE < B S THRRRTRE

1.6 REH S 5 S TH R A& U RV IR

2.3 T ARSI T 2 fEBRgip (BT aTHg)
157U T A % 3% C 5 TR %

4.0 0TI AL U LTME. RIEICKEEZLET 5606503, Bt
3 0%

46 10~20 F Tty 2 Jf& U 2
TR BRSNS 2 L 51K 2 iR

8.1 10~20 Fo Tk & 70 2 T

9.5 8 TIMADIRFUCEL, 20 B CH 2 EDOKE RSBEANBTEK
HREL D) 2AD

11.6~ #9 15 73 NS AKAMEAE S 396 K 3~ 2 BREE

125 KREMBBIKT D, HBEVNETTAF v 7 Fa—TNET BRNTF
L —

25.0 RRIEBEIC L O KA ERIEAT DHR/h= 2L X —

375 7t AERITHE & 5 2 D DI oy iR

(2) BRREDFREEOH

JEEEIC X DBEEA~ORBICKH L TE, RASIIRTLEVERSHD. 2k, BT
Lo TALS, Wl SRR, IR < (b 2 BIKEORBIIC LT, AMEICHS
ZRIET. B L2 b O L LTV D RS ORIC L - THE L 57, A L7

00 YBSTRPRICI S, T E = FOBES T X AL MEEL, A 25 6E3 1, pd8, & 517 &I (ERK
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BT AL, ANIH L THRRICRE B G252 5.

# A5-2 BRIETE LRI IZ X o TE U AR OEEE DL 101

JE71 (kPa) BEOBRE

1 T ADEEE S D — R 7RES

2.8 WD/ S Tk

35~7 K INDZEH T A3 @S S b

5 FRNEDOWELH 1T 5

7 EDRL ROBEICHBO—EPBIEESND
9 B OB OREN DTN T D

14 FOBESL RN —HET S

14~21 Kb 7 ) — b7 m y ZEERRIES LD
16 W DK X I pkE

28 B EREYIMEIND

35~50 FERMIFEET D

Z OIS, BEREIE, ANMEO T CRHCEIR E IilcBEE2 5 2 5. SIRICEE Z KT 4 i
M7REJID33R AB-3 D L D IR ENTWD. i EET 5 L& VWMENE, 70kPafe i o5 E T+
LERTWAS.

# A5-3  SEICHRE A MIF T ik AR RS 102

BB E (%) v'—7BE (kPa)
1 20.7
2 245
5 33.8
10 457
20 62.1
50 103.6
99 513.0

(3) LN RO IRE D

RIS BROBARST L » THIEME S K S8, RIS 5 M8t o A
NPT L 2 B BENND S, BRI, HAROIFWENRR L7581, Uy
ZERCT B 2 & TSNS I B L, TR S RITBEARLS. T,

WLk RS, SRREITE - CBRNE 7 e k5N R 7w 7, JLiE (2016), p.78, # 5.2 % HLITERL.
02k, LfRE, HRREPEEA - CBRNE T o iRy K7y 7, HLE (2016), p.89, % 5.4 % FLICTERK.
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TR DACZEE DSIRIE L7235 800, W) SR LW IIEL BT 5 2 4T, Ak
WCHHEASEEITEBENR DS, (EFWEORBEDBRERICB T 22M4mHEY 27 %
FHIT 572, K AS-4ITRTHRA RIRIEN B STV 5D,

F A4 BOFFFIIHV LN EEWEOAFIEICEET 2 KR 2 FEE 108

i1 HERS EEOBER E):p)
IDLH? NIOSH"s At % 39 UL IRE R RE 7R R~ DB A AL | FBE Db
U2 AR @y, & D WIS O BE W &2 15 5
B
AEGL™2 | EPA™S BEEMEDONRIIKT D L E VB —fRnRDOB#E
ERPG'3 AIHA™ BRI OBEFE T IR E D 72 8O DR #HE
SPEGL'* | NAS/INRC'®

*1 IDLH (Immediately Dangerous to Life or Health): i Hif5R 5 i g

*2 AEGL (Acute Exposure Guideline Level): 2PEIE< BB A KT A4 VRE

*3 ERPG (Emergency Response and Planning Guideline): B 2GRSt IR A A KT A~

*4 SPEGL (Short-Term Public Emergency Guidance Level): 4GB /ARER & A & A PRFE

*5 NIOSH (National Institute of Occupational Safety and Health): [E 7557 &AM e CRE)

*6 EPA (Environment Protection Agency): BREZ{RET CKR[E)

*7 AIHA (American Industrial Hygiene Association): >K[E T34/ =

*8 NAS/NRC (National Academy of Science/National Research Council): £ 7 45 2 — CKE) /WFgeitss CRE)

723, AEGL X TNERPG IZDWTIE, 1 oD EICK L CREET HHEFHEIC L - T
3ODLULTHIHENTWA. £72, AEGL IZOWTIE 5 >0 X< T (1043, 3043 1
Wi, 4 WEfE], 8 HEM) IS L TED LN TEY, ERPGIZOWTIE 1 RO IE < BRI T
EDHNLTNWD., FAEND L-LDEFRELFE A5 T RT.

08 JE - I BT, 5 3 RIETA IR O B ANEICR D BT AR T 2 TS, B 31 Rtk T 2%
FOE LW, WL 284 4 H 8 H, https//www.nsr.go.jp/data/000146617.pdf, 24 TopakE, £k - 2Ty v
— X2 [ 7av 20, b5 L3R (2012), pp. 219-221 % BIZ/ERR
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# A5-5 AEGL M (XNERPG D Ll L # D iE R 104

B Lp B
AEGL-1 AN RPHEN T S LD IR
22 L—Riy7e b O TIES O IR & RIFFIZEIE LG5
AFCL AEGL-2 AR SUT RN DI 5 H FRREHEN T S 2 RE
AEGL-3 MR SN DB IR TT D L TSN DIRE
ERPG-1 RPIER DT DR DN U 72\ e KR
ERPG ERPG-2 TECH) 7 R R P TBYRE ) DA R 3 A U 72 W e KR B
ERPG-3 BOESUTIE AR 22 E 3 A 72 e KR

FNFNOHBNC LD EZEDOENCE - T, IE BRABZIIRE LS BAR-TL . £,
HEEREMOMREL LTS RBO LTINS B OIXRV. L LRBS, THBT B AR
ENTWD Az B F— hORERTEA X MEEE T, BIRTEA X MZBIT D
T A DFEREE & LT, IDLH & 5\ % AEGL (AEGL-2 X% AEGL-3) 2 W5 Z L 3%
WBEIRENTWD. F7o, KEEPA, FEMA (EMBRAFEEHT) LO'DOT (EiE) 7
LARINTWDHA RTA4 O TIE, HEAERFHOFESR T, AREVET ST,
SPEGL & %\ % ERPG-2 DEZEAT 5 Z LM RE IR TV D, AR ST 5 IR
RUE STV DTS A LU ISR T

- IDLH
National Institute of Occupational Safety and Health (NIOSH), Immediately Dangerous To Life or
Health (IDLH) Values, Table of IDLH Values, https.//www.cdc.gov/niosh/idlh/intridl4.html 1%

+ AEGL
Environmental Protection Agency (EPA), Access Acute Exposure Guideline Levels (AEGLS)
Values,

https://www.epa.gov/aegl/access-acute-exposure-guideline-level s-aegl s-val uestchemi cal 1%

+ ERPG
American Industrial Hygiene Association (AIHA), 2020 Emergency Response Planning
Guideline™ & Workplace Environmental Exposure Levels™, AIHA Guideline Foundation (2020).
American Industrial Hygiene Association (AIHA), Emergency Response Planning Guidelines™,

https://www.ai ha.org/get-invol ved/ai ha-guideline-foundati on/erpgs'®

104 BRI [E N R PR EBE SR AR AT ST 220 « RRDORVEREE v v 2 —, dialEstt - vk o A+
RICBET D7 7 = NHA XA, http:llwww.anshin.ynu.ac.jp/renkei/pdf/guide 4.pdf, p.5, 2 1 X 0 Hfe.
105 2021 4= 12 H 21 H fifesd.
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