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A study on the case analysis of Nitric acid chemical accident and
establishment of preventive measures
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Abstract This study was based on nitrate chemical accidents at home and abroad. Toxic gases due to
adverse reactions are generated in the workplace, laboratory, hospital, container damage, and chemical
misinjection. Through a case review of possible situations and safety, this study analyzed various cases
of accidents, accident status, accident type, cause of the accident, location of the accidents, etc. from
2014 to 2018. The plans for improvement in education and nitrate accidents were reviewed. As a result,
36 nitrate chemical accidents were investigated, including 16 careless worker accidents, eight
transportation accidents, and 12 facilities shortages. Nitrate chemical accidents are occurring
continuously. Based on this, the range of toxic effects using CARIS was calculated at the worst-case
scenario, and the effective response range was measured through the damage impact range. For this
purpose, the impact range was predicted based on the strengthening of safety education, emergency
action plan and correlation, and the quantified data was identified. In addition, the reliability of the
scope of impact was reviewed based on the correlation formula that could facilitate the evacuation of
residents, and it was applied to actual accident scenarios of the workplace to present the effects of the

accident response and preventive measures.
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Table 1. Nitrate chemical accidents by Year
(unit : case/year)

Type Number of chemical accidents

Year Accjgg;ilt(A) Eé::ig:estc(g Ratio(B/4)
2014 105 10 9.5%
2015 113 7 6.2%
2016 78 7 9.0%
2017 87 8 9.2%
2018 66 4 6.1%
Total 449 36 8.0%
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Fig. 1. Statistics for yearly Nitric acid chemical
accidents.
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Fig. 2. Statistics for yearly Nitric acid chemical accidents.
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Table 2. Type of causes of Nitric acid chemical accidents

(unit : case/year)
Type Causes of the accident
Year Total ;Zizgf:;illeiz Torr?rl \ZE:?: Carelessness
Accident
2014 10 3 3 4
2015 3 0 4
2016 0 2 5
2017 4 3 1
2018 2 0 2
Total 36 12 8 16
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Fig. 3. Statistics for type of yearly Nitric acid
chemical accidents.
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Table 3. Type of Nitric acid chemical accidents

(unit : case/year)
Type Type of chemical accidents
; ; ; -Value
Year Total Spill/Leak Abnor.mal explosion P
age reaction
2014 10 9 0 1
2015 7 6 0 1
2016 7 7 0 0
<0.05

2017 8 0 0
2018 2 1 0
Total 36 32 1 2
10
3
5
3
1 =1
0 0

SpilfLeskage Abnormal reaction explasion
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Fig. 4. Statistics for type of forms of yearly Nitric

acid chemical accidents.
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9] 27L& Ytk d7IEE= F, E3AZE
ERPG-2, &2 1.5 m/s, H7|2%+= 25T, 191 &5
L= 50%E AAstoint. B 4o AR A e
F71E0® A4 1.75 m, %°] 5 m, &F <& 12 w'?l

ERCER CERELT L)

Table 4. Conditions of accident scenarios

Parameter Condition
Risk factors Toxicity
Damage effects model Toxic
Equipment shape Vertical cylinder
Storage conditions Liquid
Equipment diameter 1.75 m
Equipment height 5 m
Leak height 0 m
Operation pressure 1 atm
Solidarity pipe diameter 2 inch
Atmospheric stability F
Toxicity levels ERPG-2
Wind speed 1.5 m/s
Atmospheric temperature 25T
Atmospheric humidity 50%
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Fig. 7. Damage distance of nitric acid
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Table 5. Damage distance equations of nitric acid

Corelation
Order Equations coefficient
(R2)
1sr y=0.058x+103.470 0.9611
2nd y=3E-06x2+0.0933x+55.807 0.9905
3rd y=5E-10x3+0.1271x+37.451 0.9963

where, x = storage(kg)
y = damage distance by leakage(m)
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Table 6. Comparison of damage distance by equations
and KORA in case of nitric acid leakage

Order A factory(m) B factory(m)
equbaZion by CARIS equbaiion by CARIS
st 378.1 161.7
2nd 308.7 290 146.1 148
3nd 3423 155.1

Fig. 8. CARIS nitrate toxicity range

& o) ot AE I ERE vigez
AT A9 ARErt w2 o= BUIE £ 9
£ 7120] He AAS #R2)0] 19 7Pk A
Eotuat gk 1 A3 E9E 096 ~ 0,998 &2
BAS FE 2 AT FH9 FEY 2de
8519t

Aol AL e 2320 0.9905, 3AH2o]
0996302 UeRFon, A4S A, B AR AluE] e
o] tiYste] AZHEGITE A AL 23} AlAA]
oA QA& 0.5%= AA FFAY 4t 7P FAkRE A
I7F ZEE T B ARG 23 ALTARR oA 2ake
1% A3t gho] =&t whabA Aake 22F AAHEA
Ao] 7pgAgsictal whstoict.

Doy Hox



7‘521}\

SHOMARL AR 0 S48 JREele] o A7

gl

4. A=

QAT 2014415 E 20184711 WA 2] sfst
Bjste] ozte) Zuat AuThS ZHolA 2

EZo19it}. 20149 RE 2018W7HA] AR
Sfshtol § 4407 F A4 SpAlaE 364
(80%°F AT UNBARE A WA WA WEsh
e Ao Uehon, of W A&Hoz waskel @
529] QPTe PAERE S 5] A
L olele Aol

RS B AAES B2 98 26, A
39, WA AR PR} BASL, Eet o) vh
o Hoo] Auee 2AL Agstel ko AT
=4 38 AFEAE APgste] Fuiths Ael st
7] 9% 12 ARE ABBAL O ALt o] A
QA Ak ALk 0o 28 le] AlHEE AFtol, The

A, DALY ZARE At AL P4 B
AP A7} gol WYSEOm, [T okl I
ol BUE S TE3to] Auoldofg G vk
PALSI} WYRAAZE FYoa, AP EFF B
WHE Agtel, A7l FAGFANE Hsted, )
AFFuole Ago] Bag Aow et
.

S, Abae ZeiolA] Al u), Aol §3o] 7k
A UL A 879 ATE 24T Bt et
A $o2 Azt 1670]902, ol Fol7] 919
At e Hdo] Bad 4 AAE S4l hane] 2ot
2 YA Aol ZAY A0 VL ABK
AE WSol Mmst, AP TR0 Pk
g 9 S 271987 5 2L

At @] S WS AEusel 18

1)

B o

Z20] A~ ol-

AR, ATTS Sl A ShshAlT o
0 FYALEE whsol
ArdgtS E51 B2 H

ovT1ToE o 20

495

9 vleiste], BA|Bel Adstt AeA o] fold
3, A oyl 9 Fee] QAT Aedthe B8
of, A W WAEEo] A4 olRold 4 Ut
Agagel 2Aste], BLAoA APk gl

athe B Wohe ALY Bast U2
geec

A, AR S8 QaraelE Abde] serstel o
"oldl Asle AAsH: A Bek A AFARE %
ofslo] eI olSste] HgstEl ArE vetsle]
of Fulchs] Ago] 4-YaAlTt. WA ol mE ot
o Al M gstel T ARl CARIS AA| e
9] Ao} B Qo] Ak WL 23 A AL
27 JBBAN] el A48 051%E YERIAL B
AAE 2ATEAC] s 9248 5.20%, 3% 4
TPl ol ©AHE 4.90%) At E&H g ot
oh Ak B @70) 2% ATTANR y=-3E-06x2
+0.0933x + 55.8070] g Age Ao FhekEt
£ 284 WFAAE vl Asle] Bt
B, Hoh Bk Fultne gozA ANsE ol
A5 uagie Agshen wgol | ik

=
=

o]

References

Lee. T. H, J. D. Park, S. J. Lee, B. S. Bang, K. P. Kim,
M. S. Kim, and J. S. Park, “Characteristics of chemical
substance accident in Korea”, Korea Journal of
Hazardous Materials, Vol. 3, No. 1, pp. 35-39. June
2015.
https://www.dbpia.co.kr/pdf/pdfView.do?nodeld=NO
DE06527100

Lee. T. H, D. J. Lee, J. D. Park, and C. H. Shin, “Study of
the Charateristics Analsys of Laboratory Chemical
Accidents”, Korean Institute of Fire Science &
Engineering, vol. 30, No. 3. pp. 110-116 . June 2016.
https://www.kci.go.kr/kciportal/ci/sereArticleSearch/c
iSereArtiOrteView.kci?sereArticleSearchBean.artild=AR
T002122948

Lee.]. S, M. S. Jung, M. S. Cho, Y. S. Ahn, K. J. Kim, Y. S.
Yoon, J. H. Yoon, K. S. Seok, “Review on Detection
Analysis and Environmental Impacts for Nitric Spill
Response”, Korea Journal of Hazardous Materials, Vol.
2, No. 1, pp. 25-30. Dec. 2013.
https://www.dbpia.co.kr/pdf/pdfView.do?nodeld=NO
DE02270605

Shin. C. H, H. S. Lee, T. H. Kim, and J. H. Park, “Analysis
on Chemical Accident Characteristics of Facilities
Handling Hydrochloric acid”, Korean Institute of Fire
Science & Engineering, vol. 30, No. 6. pp. 14-22 . Nov.

[4]


https://www.dbpia.co.kr/pdf/pdfView.do?nodeId=NODE06527100
https://www.kci.go.kr/kciportal/ci/sereArticleSearch/ciSereArtiOrteView.kci?sereArticleSearchBean.artiId=ART002122948
https://www.dbpia.co.kr/pdf/pdfView.do?nodeId=NODE02270605

A1)

3l:=82] #2138 A3%, 2020

(5]

(0]

(7

(8]

9]

[10]

(11]

(12]

(13]

[14]

(15]

2016.
https://www.kci.go.kr/kciportal/ci/sereArticleSearch/c
iSereArtiOrteView.kci?sereArticleSearchBean.artild=AR
T002185300

Ministry of Environment, Investigation of Distributed
Quantity of Chemicals, 2013.

National Institute of Environmental Research, Impacts
Assessment and Management Plan after Chemical
Accidents, 2006

Enviro Technical Information for Problem Spills,
Environmental Canada, 1984.

https://openlibrary.org/books/0120870301M/Environ
mental and technical information for problem spills.

National institute of chemical safety, Key-Info
Guideline(2014)
National institute of chemical safety, Technical

guidelines for selection of accident scenario, 2014.
http://nics.me.go.kr/front/main/main.do

Korea Occupational Safety Health Agency, Fire
explosion effect andThinking Model Analysis(II), 2017

National institute of chemical safety, Off-site impact
assessment evaluation guide, 2015.
http://nics.me.go.kr/front/main/main.do

National institute of chemical safety,
DOI: https://icis.me.go.kr/pageLink.do

National institute of chemical safety, 2016 Emorgency
Response Guidebook, 2017.
http://nics.me.go.kr/front/main/main.do

National institute of chemical safety, CARIS(Chemical
Accident Response Information System).
http://nics.me.go.kr/front/main/main.do

Jo.G. Y, Lee. I. M, Hwang. Y. W, Moon. J. Y. “A Study on
the Simulation of Damage Distance for Toxic
Substances Leakage”. The Korea Academia-Industrial
cooperation Society, Vol. 18, No. 4, PP. 599-607. 2017
http://www.koreascience.or.kr/article/JAKO20171815
5359710.page

496

0] & &(Hyun-Seung Lee) EsEE|

+ 20184 29 AE St Uyt
skl @t (HW})

- 20184 3¢¥ ~ &4 : I2avA
Uuicsbel B3l oﬂww)

20159 59 ~ @4 : A%
2UHAY AnEREAT

sfet

Al 2 (Chang-Hyun Shin) (Halg]
* 20009 2 : Eeiotal F3td

St 71 AF S (FEHIAD
20184 8¢ : SEUstw Fatty
5+9] obdZslu} (FshEMA]
20149 1€ ~ @A : SsEAL
AY FAATH

A

THED

=t

A, A8, AsiaEiAE


https://www.kci.go.kr/kciportal/ci/sereArticleSearch/ciSereArtiOrteView.kci?sereArticleSearchBean.artiId=ART002185300
https://openlibrary.org/books/OL20870301M/Environmental_and_technical_information_for_problem_spills
http://www.koreascience.or.kr/article/JAKO201718155359710.page

