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Abstract

Ammonia, which is closely related to our lives, has a significant impact on our lives as a
representative substance for crop cultivation. Recently, it has gained attention as an efficient and
productive hydrogen/storing substance that can replace fossil fuels. Efforts are being made to utilize
it as a renewable energy source through thermochemical and electrochemical reactions. However,
the use of ammonia, which encompasses the era, carries inherent toxicity, so a comprehensive
understanding of ammonia safety is necessary. To ensure safety in the transportation and storage
of ammonia and chemical substances domestically and internationally, national and organizational
standards are being developed and provided through documents and simple symbols to help people
understand. This review explores the chemical characteristics of ammonia, its impact on human
health, and the global trends in safety standards related to ammonia. Through this examination, the
paper aims to contribute to the discourse on the safety and risk management of ammonia transport
and storage, crucial for achieving carbon neutrality and expanding the hydrogen economy.
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Table 1. Storage properties of compressed and liquefied hydrogen, methanol and ammonia.[5]

C d Liquid
Properties Ompresse taul Methanol Liquid Ammonia
Hydrogen Hydrogen
Storage method compression Liquefaction Ambient Liquefaction
Temperature, C 25 -253 25 25
Storage pressure, Mpa 69 0.1 0.1 0.99
Density, kg/m’ 39 70.8 792 600
Explosive limit in air, %vol. 4-75 4-75 6.7 - 36 15-128
Gravimetric energy density 120 120 201 18.6
(LHV), MJ/kg ' '
Volumetric energy density
4. 8.4 15.8 12.
(LHV), M/L ° ? ° 7
Vol tric hyd
clumetric ydrog=n 42 70.8 99 121
content, kg H,/m’
i ic hyd
Gravimetric hydrogen 160 160 125 178
content, wt%
Catalytic Catalytic
Pressure . . .
Hydrogen release release Evaporation decomposition decomposition
(T » 200C) (T » 400T)
Energy to extract hydrogen, B 0.907 163 306

KJ/mol-H,
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Aqueous Alkaline Electrolyte:
Anode : 2NH,+ 60H — N,+6H,0+6¢ (1)

E°=—=0.77V vs. SHE

Cathode : 6H,O + 6e” — 3H, + 60H 2)
E°=—0.83V vs. SHE

Overall : 2NH; — N, + 3H, (3)
E.=0.06V

AOR Aloj|A] O*ﬂﬂ XﬁHélQ] F= L 2=
< FEYotet o] 2(0OH)= 4H[s}
;u/\ = u] x-']x}.< /\ﬂxéo]._L(/\] 1) 22 31Y

A %H 9 OH o]2& AYASHHA] 2). 9]
0.06 V9] & Al A% 2+ A 2= €99
Aow [t ¥Fgo|H, A3 HA| ¥h-gof 2
Q3 o2& ZQt9l 1.23 VEL € Fo (4]
3), dejstdone duey LS A8t
FrLiol Asfurg- sAs) wkgo] Hls] ok 95%
2 o|A] AB[FORE A5 7hsolth(13, 14]

Skrlr_%‘&rﬂi

e

oAl QI NGER ) Pmiole] &
%94 9 2o oe 45 2 7%%%7}
39l ARolth. £ FUAL $40) ofF

o2 AFRSly Q= OPE_L]O]—_,] oFA A 745_
S| ArgolA] L2 v RS A Qi FEy
or F84E T £¥L ¢ YT LotH1A

s,

2.

rHT

E
2.1 ZZL{0f OH Bzl

L dEYof Qb e A A&HH o
2 A7t 9o, rAS slelEA )
3 @A AE g B35 TE7t o] FoIX| AL Q)
o}, TAlo] w2 H3kE B85tk s 7MY dE
Q1 u]= A]AHIQ] NFPAS} OSHAOA&= 29}
Zo] Y E st deH, FAo IE Aol
Uebdeh, 1912 vl g 3o A AAgE
NFPA 704 Fire Diamond& YeRH 13 o]t}

29 4712 8420 NFPA 704% 19609 1]
= 34 99t ¥3](National Fire Protection
Association)o|A] 1 oA Hx A&
Eehe 532 gEoj3on, X P42
U2 AT Tttt HARlIE AMESEERE NFPA
704 BATS JA THsHL oS 4 Aot 1
b}, ol w%- Y H HETS AFohH, o] ZFE

< 1 AAE HEC] of7] wjZof IdF HY F

ool
(o]

i



374

HyungKuk Ju et al./J. Surf. Sci. Eng. 56 (2023) 371-379

=0l °ol&

o 1Eu

EELRERE L
E3L, vl=olA= OSHAZL 2
Al71o]

Fig. 1. Fire Diamond created for emergency situations by the National Fire

Protection Association NFPA 704 standard. Blue means

hazard,”

“level of health

red means “flammability,” yellow means “(chemical) reactivity,”

and white means a code that provides information about other hazards.
Each category ranges from 0 (not dangerous) to 4 Divided into 4 levels (very

dangerous)
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Table 2. Table between NFPA 704 and HazCom 2012
(https://www.osha.gov/sites/default/files/publications/OSHA3678, " OSHA New Quick Card)

NFPA 704

HazCom 2012°

Purpose

Provides basic information for emergency personnel responding
to a fire or spill and those planning for emergency response.

Informs workers about the hazards of chemicals in workplace
under normal conditions of use and foreseeable emergencies.

Number System:

1-4
1-most severe hazard

Provided on Label

* Special Hazard*-White
*OX Oxidizers
W Water Reactives
SA Simple Asphyxiants

NFPA Rating 0-4 4-least severe hazard
and OSHA’s 0-least hazardous * The Hazard category numbers are NOT required to be on labels
Classification 4-most hazardous but are  required on SDSs in Section 2.
System * Numbers are used to CLADDIFY hazards to determine what
label information is required.
* Health-BI .
Flam:atb'l‘t u;ed * Product Identifier
. ility-
e ) « Signal Word
Information Instability-Yellow * Hazard Statement(s)

* Pictogram(s)
* Precautionary statement(s): and
* Name address and phone number of responsible party.

Health Hazards on

Acute (short term) health hazards ONLY.
Acute hazards are more typical for emergency response

Acute (short term) and chronic (long term) health hazards. Both
acute and chronic health effects are relevant for employees
working with chemicals day after day. Health hazards include

Instability in yellow section

label applications.
acute hazards such as eye irritants, simple asphyxiants and skin
Chronic health effects are not covered by NFPA 704. . 4 X P Py R
corrosives as well as chronic hazards such as carcinogens.
s NFPA divides flammability and instability hazards into two .
Flammability Y Y A broad range of physical hazard classes are listed on the

) separate numbers on the label. . . i . X

Physical Hazards . X label including explosives, flammables, oxidizers, reactives,
Flammability in ted section X K X
on Label pyrophroics, combustible dusts and corrosives.

Where to get
information to
place on label

Rating system found in NFPA Fire Protection Guide to Hazardous
Materials OR NFPA 704 Standard System for Identification of
the Hazards of Materials for Emergency Response 2012 Edition.
Tables 5.2, 6.2, 7.2 and Chapter 8 of NFPA 704

OSHA Hazard Communication Standard 29 CFR 1910.1200 (2012).
1) Classify using Appendix A (Health Hazards) and Appendix B
(Physical Hazards)

2) Label using Appendix C

The hazard category numbers found in section 2 of the HC2012

Supplemental information may also appear on the label such as

Other compliant SDSs are NOT to be used to fill in the NFPA 704 K . o
di d any hazards not otherwise classified, and directions for use.
iamond.
website www.nfpa.org/704 www.osha.gov OR

ww.osha.gov/dsg/hazcom/index.html
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Table 3. Emergency Response Plan Guidelines Values (ERPG)
Classification Value (ppm) Calculated Value (mg/m?)
ERPG-1 25 18
ERPG-2 150 105
ERPG-3 1500 1050

ERPG-1, Airborne concentration at which most individuals could be exposed for up to 1 hour without experiencing other than
mild transient adverse effects.

ERPG-2, Airborne concentration at which most individuals could be exposed for up to 1 hour without experiencing or
developing irreversible or serious effects that could impair an individual's ability to take protective action.

ERPG-3, Airborne concentration at which most individuals could be exposed for up to 1 hour without experiencing life-
threatening health effects.

Table 4. U.S. Environmental Protection Agency guidelines [16]

AMMONIA 7664-41-7 (FINAL) EXPRESSED IN PPM
10 min 30 min 60 min 4 hr 8 hr
AEGL-1 30 30 30 30 30
AEGL-2 220 220 160 110 110
AEGL-3 2700 1600 1100 550 390

AEGL-1, Airborne concentration level at which individuals could experience notable discomfort, irritation, or certain
asymptomatic, non-sensory effects. However, the effects are not disabling and are transient and reversible.

AEGL-2, Airborne concentration level at which individuals could experience irreversible or other serious, long-lasting adverse
health effects or an impaired ability to escape.

AEGL-3, Airborne concentration level at which individuals could experience life-threatening health effects or death.

Table 5. Occupational Standards (UK)

LONG-TERM SHORT-TERM
EXPOSURE LIMIT (LTEL;8HRS) EXPOSURE LIMIT (STEL;15 MINS)
Workplace 3 3
exposure limit p;sm mglém p%m m%/sm
(WEL)




376 HyungKuk Ju et al./J. Surf. Sci. Eng. 56 (2023) 371-379

Table 6. Public health guidelines (England/Wales)

Drinking water standard

0.5 mg/L (as NH,)

Air quality standard

No guideline

Soil and health criteria values

No guideline

Fig. 2. Health effects of ammonia concentration
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