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ABSTRACT

Objectives: This review revisits phossy jaw, a form of occupational bone necrosis caused by exposure to white
phosphorus used in nineteenth—century match manufacturing. It traces the legislative history of white phosphorus
regulation to draw lessons for contemporary occupational health and chemical management.

Methods: A narrative literature review was conducted using historical records, the occupational health literature,
statutory sources, and clinical studies on phosphorus necrosis and bisphosphonate-related osteonecrosis of the
jaw.

Results: Occupational exposure to white phosphorus during compound mixing, dipping, cutting, and boxing
caused phossy jaw in workers, with a reported mortality rate of approximately 20%. Public concern, the 1888
Matchgirls’ Strike, and the 1906 Berne Convention inspired national bans in Germany, the United Kingdom, the
United States, and Japan. In South Korea, yellow phosphorus matches remain prohibited under the current
Occupational Safety and Health Act.

Conclusions: Bisphosphonate-related osteonecrosis of the jaw has been described as a “second epidemic” of
phossy jaw, indicating that this century—old occupational disease continues to inform modern pharmacology and
chemical management. The prohibition of hazardous substances and substitution with safer materials, supported
by legislation, exemplifies the prevention—centered approach taken by contemporary occupational health
systems.

Key words: Berne Convention, bisphosphonate, occupational disease, phossy jaw, white phosphorus

*Corresponding author: Mimi Min, Tel: 010-9407-7665, E-mail: lovesme@ajou.ac.kr
Professor, Department of Environmental and Safety Engineering, Ajou University, Suwon 16499, Korea
Received: June 5, 2026 Revised: July 14, 2026, Accepted: July 16, 2026
Cheolhee Yoon https://orcid.org/0009-0004-2465-2270 Taesun Kang https://orcid.org/0000-0002-3876-8539
Seungho Jung https://orcid.org/0000-0001-8339-441X Mimi Min https://orcid.org/0009-0004-6126-578X
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

220



L ME

2 A9 AR Q| 2Al B3] AdEo] Ao
AlZHE 58 & AJdEo] A= =2 ALY Ade
o7t 2 Zd7lelA dof St g5 AlolA= 4y
o] go] Izl HE5oE HAE|E S=H], ol& IA
AF5 - 5AR=0] W™l (white phosphorus)?l =&
=lo] g AARE AT AJHRA phossy jawe} A&5H
o] SjAslk= AlZo] St ot ol2gl siAS Aol HE
Ao wet gebd 4= qlom, fAke] Ao A HZAR]
A7 Y= AL oflth 2 A4+ o]#gt sf4S
HIo 2 wig] F=o|gh= AU JARE FIstkal 19
71 AdF AxGollA DAEeE ¥ =E3t phossy jaw2]
Y S ARQETARS] A AESEIAL i

19A17] A4S} Al7]0] g2 dA8gelA 71 B
HA o2 AMEH F3t EgoH, A ARYS 5
Aoy Ao s wi=EA st tHCrass, 1941). 1
gy A 2] Wl S9kE ARH ¥R o]E
HAFotd sAolA AgAR APES dovl= ¢
o] Hot}. & =F2 d(olgh= YAl oA &
disto] wiglo] E2j8lsld £/} phossy jaw?] d4
4 R Ay EAS Asta, A AR T4
A dAE =g X5 HEST oJo] 1906d HIE
Aok SR 749 g A Al YRARE AT
B gk AI7] A AR AoE ofAFY o] Agto] &
oJofE FAREI TS| thA| FEEHA H S
IR ol B AP A Aol &Y
AEAT ssEd o] = e =9t}
g

N O,

Rl

. -1

_

e Ho

o A=

o] B89t Az A0 wE v 7R
shant. A, 194171 A At =Eehd, A
o ASH wEhg thE gAt Bde dESIY =
, Qloll oot Hw FjAter WY kgs tE A4

L

X of A

AA, phossy jaw®} H|AZATZY0|E & € 3
AHbisphosphonate-related osteonecrosis of the
jaw, BRON))S| <& ohe etdes 4 =
A5t Bopo Qi BRS AwSIYT: WA, 2] 1t

Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(3): 220-226

S=(phossy jaw)dt &2 A ™AL 221

A W, FAEE, 1T St Ador AN
g AEsllch. s B Tl 8% ol
olA% Fo SstAoM, Selete] @Y WP
s EEY R ECEREE TR

2. K= =3 He

Am 39 A7 W 9l= Aol A 2 17
M715E phossy jawZF AFAA AbEERl 204 7]
%, 18|31 BRONJ7} 21" 20009 & dAj7t
A& EZLoIA T F2 AMo]E= phossy jaw, white
phosphorus, yellow phosphorus, phosphorus necrosis,
bisphosphonate-related osteonecrosis of the jaw &
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Table 1. Physical properties of phosphorus

Property

Value

Standard atomic weight (g/mol)

30.974

State (room temperature, 1 atm)

Nonmetallic solid of various colors

Density (20C, 1 atm)

1.823 (white), 2.2-2.34 (red), 2.36 (violet), 2.69 (black) g/cm?®

Melting point (1 atm)

44.2°C (white), Red phosphorus has no simple melting point

(high—-temperature transition/sublimation).

Boiling point (1 atm)

280.5C (white)

olog AMeAct 9F 1,100 Lo AWM 60g9 A
Lolth= 7150] o, HRHEL= o] E40] 57| 59
A HE Y @442 ek, 1S Vs A
Sh= Tg]20fo A4 FEgt phosphorusghs Ol&2 &
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At 27lol= AE, AFE L A7 vEhsed,
LEo| A&EHY gyl &I AP JPEEA
G F5o] FAEU. XP7]ole ARG ZHO|
=0l "olx U Fio] TEEHUHMiles,
1972). ¥¥2 &3] ofgigof JFEHAL, =& A}
Zo| olF oA ¢ Ef9 4g Wrh= Bt kS
2 Py FEQofl= Qlo] HzEo] e Aoz &
HA Qth &Rl okE X737t gld FAol= AL
st 9w E Q¥ o R FAotes W] F2 9&otq
own ol oA A ot WP Vs FoiE
A =& 7|7to] 454E Wy 1ol =Ud whY,
22 3 YoMz #idhof] 2H LEEHA] G ARE
oAM= o] Ao A9 TAE|A] it} o]#gt
AP W19 1= Z3} phossy jaw W48 Abo]] BeiAdo]
H|w A o2 AZ|RE QIAE 9SS HojEtKFelton,
1982).
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39| T W2l Z=(phossy jaw)dt 2 FHQ ™AL 223

Exposure Exposure

Setting splints Heat drying

Compound mixing Dipping

Cutting & boxing

D Mo exposure

C] White phosphorus exposure (mixers, dippers, boxers)

Figure 1. Match manufacturing process and the stages of white phosphorus exposure
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1) 19063 HIZ &2t

Phossy jaw?] Tlal7} ZA|H o2 L&A HA 1906
H 9 AQA HEoA A A|lxof Wi ARE-S FAI5H
= ZA|Foko] HZA=tHBerne Convention, 19006).

o] Fok2 wWig] AiFo] A FH ofye}t =3t Huj7A]
Aot o, £, diut3, A, oo}, EAlH

=} S o] AYsiaa 1912¢ 19
19 Fasdrt. d=2 o AE FAlol= AEsHA]
Ao} o]& A= B ol FA RAE ut

P WY e Bt T B4 A
z2H o] - B9 w54 Boo AFA
Algrd kol ik olEgt HolA HIEFFE Al
B oofyz} Qi wui7hR] A FAIFOEN =73
A Foleds A5 s =4 327 28
Hol & Al & 5 Qo 3 HIEFE B
A =5 7]7(International Labour Organization,
ILO) A"l A 719 5 stU=E B7HE7]|% e

BN rlo

tlo o
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F=ollA 1802l A8 AL55Y A7 &l
st W(The Health and Morals of Apprentices
Ac) AT A5 S22AE 488 27 o
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Table 2. Chronology of white phosphorus regulation in match manufacture

Year Country/body Legislation or event

1888 United Kingdom Matchgirls" strike at Bryant and May

1903 Germany Law prohibiting yellow phosphorus match manufacture

1906 International Berne Convention prohibits white phosphorus in matches

1908 United Kingdom White Phosphorus Matches Prohibition Act

1912 United States Esch Act, a prohibitive tax on white phosphorus matches
Prohibition of yellow phosphorus match manufacture

1921 Japan (enacted 1921, enforced 1922)

1981 Republic of Korea Enactment of the Occupational Safety and Health Act

2019 Republic of Korea Wholly amended Occupational Safety and Health Act;

yellow phosphorus matches remain prohibited
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Phossy jaw (1858-1906)

Cause: white phosphorus (P)
Setting: occupational (match factories)

Exposed: mixers, dippers, boxers

BRONIJ (2000s—)

Cause: bisphosphonates (P-containing)
Setting: pharmaceutical therapy

Exposed: osteoporosis / cancer patients

Shared clinical phenotype

Osteonecrosis localized to the jaw, with a mandibular predilection
Exposed necrotic bone and a tendency to chronic infection

Phosphorus-based etiology; described as a “second epidemic” of phossy jaw

Figure 2. Comparison of phossy jaw and bisphosphonate-related osteonecrosis of the jaw
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