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ABSTRACT

Background: Benzalkonium chloride (BKC) has been extensively used as a preservative in industrial products
and in hygiene, medical, and cosmetic applications. Humidifier disinfectant (HD) products containing BKC

have been used in South Korea.

Objectives: This study was aimed to review types of products containing BKC, to summarize the regulations
in the US, EU, Japan, and South Korea, and to review the health effects associated with the use of HD.

Highlights:
- Benzalkonium chloride (BKC) reported

Methods: We reviewed and summarized documents which were searched through PubMed and Google I s B e

Scholar with the key words: BKC and asthma/contact dermatitis, humidifier disinfectant-associated lung .
eyes and respiratory tract.

injury (HDLI), and more.

Results: Regulations in most countries including South Korea do not allow its use as disinfectants in spray-
type of products for medicine, cosmetics, and household products. Two types of HD containing BKC
(800~1,270 ppm) were marketed in South Korea from 1996~2003. Health effects reported from people who
used products containing BKC were allergic contact dermatitis, erythema, and respiratory disease, including
asthma. Two people who responded as HD users containing BKC only were confirmed to have developed
asthma. HD-associated lung injury (HDLI) was reported by consumers who used both HD containing
polyhexamethylene guanidine (PHMG) and HD containing BKC.

Conclusions: In conclusion, the use of BKC as a biocide has to be controlled considering the route and pattern
of exposure. Products containing BKC as preservatives were reviewed with exposure routes and sites in the
human body such as skin, eyes, and the respiratory tract. HD containing BKC was clinically evaluated to be

associated with asthma.

Key words: Benzalkonium chloride (BKC), humidifier disinfectant, humidifier disinfectant-associated lung
injury (HDLI), asthma, contact dermatitis

- Two humidifier disinfectant (HD)
products containing BKC were sold in
Korea between 1996 and 2003.

- A couple of asthma patients were associated
with BKC HD product users.
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2020¢ 59 7| 7hs7] AAl TR H &4 (humidifier
disinfectant-associated lung injury, HDLI)2 %5t B2 =
Azl 7HE7] AdA 22 polyhexamethylene guanidine
(PHMG), oligo—(Z-)ethoxyethyl guanidine chloride (PGH),
chloromethylisothiazolinone (CMIT)Z} methylisothiazolinone
(MIT)9] &5 =312 &9t AHE-H, oI5t CMIT/MIT)O] .
o] &S0l i 7h57] AvtAl AFCEls AlHS d52
B ARER O] AFFEOIAIA AR SOt ¥ &4l
HDLIZ} WEREH. 201749 E7H] HDLI &%= AlEE, &
¥g 1 75o] 9tk

J2ie) 7H7) ARAR AHE E O 4R depa
& (benzalkonium chloride, BKC)°] thaljA&= A7} A9] = of
VA ¥k FANZHA] BKC7F 7h57] A= AR AlES
ZA| 715719 119 71571 AltAIA ol o F 119 7}
57] AldtAA = 19969FE 20039714 1,104,0007H(250
mL/70)7} Tl Ao 2 B =k shisFo 2 W 400
N AE S Al AR Bt T2 ols AEe ARSAR e
& 4= gtk 7hs7] AtA FAIE 9] Aol 2AE A
A} & BKC ?Ht AI&EQL ‘119 7H571 AletAlA AlEte AR
Tk QI 27o]al, ZA| ZhE7EH @ AREARE 102
& PHMG 59 87420 Bl st 7} 2tk A& 2 4
B wejdet 9%k 1 S e 71254 AR gl
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Z2Ln = x4 _‘g_o]
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t}. sfjQ]ofA BKC«] %Zﬂ 3} ZAF= ﬂ,joq%} ol e
o 2 o 3R FAIAY AAA e 240

& 123tk BKCE Qg A% 932 BKC7} 3 AlE<
AHERE AFOAIA UERd A7 B3 A E E ARt =wd
HIAE et 1 232 sh&do|gHo] A9l PubMed
o} F=8=AM(Google Scholar) oA EA™S
nium chloride” & 71 =9Fo9] “BKC”, “BAC”, “BAK”, “BZK’,
‘ADBAC” 53} A2FH<?l “asthma’, “contact allergy/dermati-
is”, “humidifier disinfectant-associated lung injury (HDLI)”,

a3 AE Al sigehe

‘benzalko-

“cosmetics”, “biocides”,

Table 1. Physicochemical characteristics and uses of benzalkonium chloride (BAC)

N-Alkyl-N-benzyl-N,N-dimethylammonium chloride; Alkyl dimethyl benzyl ammonium chloride; ADBAC;

Chemical name (INCI) Benzalkonium chloride (BZK, BKC, BAK, BAC)
TUPAC name Benzyl-dimethyl-tridecylazanium
Synonyms
BC50 BC80; Quaternary ammonium compounds; quats
CAS number 8001-54-5
Chemical formula C,H,N*
Molecular weight 318.6

Vapor pressure, mmHg

Formular ®_C,Hzopnsq
H;C CHsj
n=28, 10,12, 14, 16, 18
Appearance
yellow solutions
Solubility Very soluble
Density 0.98 g/cm’
Usage

transfer agent

100% is white or yellow powder; gelatinous lumps; Solutions BC50 (50%) & BC80 (80%) are colourless to pale

Preservatives as biocide such as bacteriocide/fungicide and algicide/biocide, a cationic surfactant, and a phase
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“regulation” 5 FQ0](keyword)E 7| E= Z3lolo] HASH
T, A At A #Rof sigete £ Yo E 8
AE 23k B3 WA A A EUR-Lax (FE2AR),
EPA (M]5), SALEH (L), =7FIEATAEHE ) 5 =
i) s 713e] 34 Al EoA AlFst= ARE S5 &

At

al
=

Xk
=

. Zat % 1
1. SCl=iety SE41t 8
BKCE= A=A, AtA, AA|, BEA 5o & de] AHEE=

ol AHPEGAQ] A4 5 (quaternary ammonium com-

pounds)-Q] %]%0]13}.4) Alkyl dimethyl benzyl ammonium chlo-

rideZ = 2™, BKC, BAC, BZK, ADBAC & o]2] ofoj2

FHA]ETH(Table 1).

BKC= W4, 742, 94, A A=, 4 574, ¥Y,
A1E AP 94 A &= 5 AFIE AlEQ A= tgsiA
L) B3 - 2 ol AFgshe 2FAl9] ArA (YA
B ARSEAY IF AGA, v R Hg AlE 2E 39 AlE 5
7 9BE-E 5O AFA(REAZ AHGEE HE Bt
S uEtol ARt ARERE 7hg7] At AlFS 5, SO,

SrE FE 5 4RO A AlE A A=) A A
AI3] A Aol

2. el x|
BKC 2 Aol tiet 4 44 @2 /8, v, &
2, =3} Blasial A eH(Table 2). 2 YA 3H
£S5 Aoz Ak

2.1.EU

EU AP EA] 117%] Regulation (EU) 528/2012 & Decision
(EU) 2016/1950™7%& AREA & 227 AE 5 87) AElA]
BKCO] AMg& FARITE ARG ARt H=0= Aoy &=
A Aoz A8 e AT = & 7Hsdol A
= AdAE ZIETH(Disinfectants and algaecides not intend-
ed for direct application to humans or animals (product type
2). °] 71l wEd BKCE 7H57] AR AHSte 2
TF71° le2E Aol 27] feel 1 Argol At 7t
&7] @R AR Ao YO R JlF HHHYOR w2
7] Wi&olct.

SAZAY FAE AHHEH Regulation (EC) No.
1223/20099] &A1 1I'70|4] BKCE AHE 3 4ol e

Table 2. Regulatory status for the products containing benzalkonium chlorides (BKC)

Country Type Regulatory concentration Reference
EU Preservatives allowed in cosmetic products 0.10% EU, 20217
Human hygiene banned EU, 2016"
Disinfectants and algaecides not intended for direct application banned
to humans or animals
Veterinary hygiene banned
Food and feed area banned
Wood preservatives banned
Construction material preservatives banned
Preservatives for liquid-cooling and processing systems banned
Slimicides banned
UsS Cosmetic Ingredient Review (CIR recommendation) 0.10% Us, 2008"
- - US EPA, 20067
Japan Rinse-off (not used for mucosa) - Japan, 20007
Leave-on (not used for mucosa) 0.050g/100 g
Possibly used for mucosa 0.050 g/100 g
Korea Rinse-off 0.10% MEDS of Korea, 2020
Others 0.05%
Cleaners (spray) 0.3% (general), 1% (car) MOE of Korea, 2021"

Cleaners (non-spray)
Air fresheners (spray)
Deodorizing agents (spray)

10% (general use), 25% (car)
1% (general use), 0.5% (car)

0.9% (indoor), 1% (goods),
0.5% (car)
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(rinse-off) 301 A&l 3% (30,000 ppm)7HA] 3-&=H, o]<]
HE AEAAE 0.1% (1,000 ppm) S ZIHA] PE= 74
o qlrt.

2.2.01=

BKCOf| thet P & APEA A= A 925 (Food
and Drug Administration, FDA)¥} -4 X S % (Environmental
Protection Agency, EPA)°lA ©3tct S3&0] H-9- vl
oAl BKCO gt A= gltt. vl SE d=AES Y3
(Cosmetic Ingredient Review, CIR)= 2008 H7} By
53 oFE YR E AME A BKCE 0.1%7H4] QPdsieka gt
5|37 Qiek 20199 FDAE 7S &4 Ad#-9] Yuke|eFE(0TC)
A=A Argol sl AES A3 2016199 2L A5
H EZEEAR} JSHIA|ER 5 287 82 SAIFARE
BKC, g ¥FE, o]AZ2UAFTZo] thgt Ik HFohH
o B 97 Aw} Basithn Luge

EPA= BKCE & R IF S = IeH BT 2 &Y =
49 A% I5H2E B/, 95 &) 54004= s
Fo2A WEAIAIE ofeka EF3cEY 20064 W=t &
ARE 7HYolA Fa ZH 07 BKCE 7H5710] AFgst= A
= AL BKC7t AHE S = A, 85 HEs HIA0 b
oF Ut} o] HI1A(20069)°14] EPAE 7HEoIA At/
5202 BKCE 7h5710 AREsto] 24A17F & Al k& o
Al(Margin of Exposure, MOE)7} Ad%1 10, &of 42 9-H& 4=
Folahi yral), 28t ekt 2A7L AL W BRCE 7
£7100 AFESHE 22 2AE

23. 92

20009 AHE SHE dEo] Hgt 7|E(Standards for
Cosmetics, Ministry of Health and Welfare Notification
No.331 of 2000)°] A5t 3F §&=EE 100 g BKC
| 318 oS Ak ek Hupol] AFREA] gkom A
o] Y= AlE-2 AlRto] glov, Aol WA = Aol A
FS 0.050 g/100 g, 182 Hutoll AHEE &= Qe AlFE2
0.050/100 gO.& ‘=& Alstsict

2.4, 9t=

ol A= BKCO thal] AHE 3 Ao] Ui AlFoll A+ 0.1%
(1,000 ppm), 7]€F AE) A= 0.05% (500 ppm)E 3-8+t
@EHE HA7|E 5ol et FARIEFEHEA TA] A
2020-123]).!Y ToJoFQlE HZA| 27|13, (A]E 0 oFEordA]
TA] A2021-68%F, 2021. 8. 9)0llAE Q& A=A AE
% BKC T A& stoto] Hejr(EF T Ando]) AHg
o1 S AL HARITE AREAYO] o] AR BR(ALY
o]) -&7]0] o] AbgatAL BejA] AR&o1A] k=t A 5t
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I Qe BKC 3 QJoFEe] B ARGAT F9 ALY B2
W7 FEERb 20214 119 12 A1F oA)e 7o) dg=lo] 9
=4

TS, SEEO] b el i) Agslst AlE A R ¢k
A 1A) 712 (R 1A A2021-150E]"0 Y] BAE A
FADL FF 71=QF FRl ti4 AEstst Al Eol 354
0 2 A8E= 719)ollA= BRKC7F §H A 2EE A=
AUtk 2By E5E R EE EEE AEE s 719)0lA Al
A (cleaners), A|AA|(removers), 38 T A|(gloss coatings),
L= HIX] A|(anti-rust additives), =-2A|(lubricants), JZA|(adhe-
sives), * & A(air fresheners), BF|A|(deodorizing agents)Z A}
85l BKCO| AHE 72 B 7gotal oA 7%
2 1A BR), oA SJopelE BEAEAE AR LA
X 23 o] 4] BKC £ 45A AZE BA5HT YA, 7
21} 719 o 9 B BHo2 of2] AFo] elT It A
o] AEof ExH v} Qlck BKC & 40| A& 4] 50|
A5, ofn] Aol EA1E AlE-2 AFF7t 34514 Eotal Q=
Zoltt. E IFet AlFE AHGL R QIS 17 IF 5= AA

AAI = gt

ik

3. 2 A Ay

BKC7E B 771 A AE A-gAe] A A, A
B AE, AT ST 5 FUACHTable 3. T2 35
AL WA, AFA 123 W4 5 25718l o
o 9gE 8 8L elsick

3.1. Ojgxset

BKC= Y RA=A(rritant) 2 F2] G4 lom, ojf 2
= A Y5f AFEE7|E FHeE 0 gHEQke BKCTF H3 7t
Z}(skin sensitization)o|t} LH 27| F= HHH(allergic con-
tact dermatitis)= 72| Y O7]A] Y=thal AAE7|% 5134
ok F T Ao A= olsh A7 FaFo] Lol EaEof
QUek m B Zkzro 7 B g Al 32 QAL 7He AL 49
A+ 59 AJAQ Zof w2 Folch P A @ A%A), I
o AYA|, A9k, 12] 443 (plaster-of-paris)°fl 2Jgh w2
Z At EE B E

3 A 27| HE uEY A B S AtollA=,
0.1% ==9] BKC &0l 27t 1429 5 29%(F 20%),””
6157 % 198%4(%F 32%)°] LF=27] FA vhe-g BHYh?
BKC7} 935 AR A4 ) 25 Y8 AolA(antiseptic
bath emollient) AF&-0.2 Q18] F4to] LpeERT AH)» £7] &
o] BKCZ I3} M u|edo] ¥haigh A 08 B up
pi=g



A3t Z 3 & (Benzalkonium chloride) A#%|2] & L 7 2 JHoj| chst

Table 3. Cases reported from benzalkonium chloride (BKC) disinfectants-containing products users

Authors . Type of environment / . .
(year) Type of study No. of patients materials used as biocide Types of disease Concentration

Grafetal. Commentary Decongestant nasal spray Rhinitis medicamentosa NT*
(1999)®

George et al. Case report 1 Albuterol nebulizer solution Paradoxical BAC 1.5 g (in
(2017)"" bronchospasm cumulative dose

of 3 g of albuterol)

Lechien et al. Case report 3 Steroid nasal spray Contact allergy NI
(2018)*

Orsini et al. Case report 1 Dorzolamide eye drops Palpebral erythema NI
(2018)*

Tartari et al. Case report 1 Disinfectant Erythema multiforme-like 0.10%
(2020)” lesions

Daoetal. (2012)”" Patch test 142 (definite ACD to  Patch test Allergic contact dermatitis 0.15%

results BAK and/or BEC 1,
possible 13)

Lee & Kim Case report 1 Dorzolamide eye drops Allergic contact dermatitis 0.10%
(2015)*

Lee & Kim Patch test 40 (30 with bronchial ~ Albuterol nebulizer solution Bronchoconstriction 600 ugX3 times
(2007)* results asthma, 10 normal

controls)

Ling & Highet ~ Case report 7 Antiseptic bath emollient Erythema and 6%
(2000 desquamation

Mauledn et al. Case report 1 Detergent Airborne contact NI
(2006)™” dermatitis (eczematous

eruption)

Oiso et al. Case report 1 Shampoo Erythematous macules NI
(2005)*

Isaac & Patch test 615 (198 tested Personal care, household, and/  Allergic contact dermatitis 0.1% aqueous
Scheinman results positive to BAK) or occupational products
(2017)®

*NI: Not indicated.

3.2. QI &It

BKCE %o W HEAZ to] A= &2 F sHU=E,
Qg &N HEA F oF 70%2] AlEo AHEHth= Bt
Ak Hotolo gHpE HEAE E3] 7|7 HAAAS ALR
Sfjof of= =W Rfof|AlA §IEot= I H A S ocular
surface disease, OSD)2] Q910 & 2| EH} 3239 Bul ol]z},
SHA QR X9 BKCTF /b FET} ARG = sh= A
o] H Aglof|A It

ZQtokA o] AFEE]E= BKC = 0.004~0.02%0] A|gt, 37
7VE Zhab AN ZE AL 2§ BKC EA4JA1E AAoflA] H]
WA W2 0.001% s=OIAE A9 s A7) 30& o1
Q1 739 Zhu Ayw| A ;o] A7+t Afo] B E 3 ek )

3.3. 357|2&t

BKC7} 907l Ao & ®Hyg 38 55743 HAlo|th

BR1ONA HA T A2 B8 A AP =E2EUS I
AL SRtk B a7t Qlnk BKCZF S5 vlEEolA
(nebulizer) -§HO & QITF 4] ot3}e] 7}5/do] A& A|7]=
o ok 17k ojeh Bt Y2 I QA BKCE |
Eto]A &HojA EESIHARE 0.5% EF-HE(albuterol 5
< Salbutamol) H|'E+ &N, = 2.5 mgd 50 pg2l BKC7} &+
e HEZolAE eh=ollA HA] gRpoA Foet A F
gelof Hls Fofet ©F 715 Asket 713A] 7Rl F4do] B
H QI BKC T vlEEtol A A& shatollA] 78] 73
&, 24] 5o B o] BAE A= AMSEH I k' BKC
7} SE FEFI] AFEOE QIS v ¢ HE mR A
#5349 BKC AgA g g 71ALE," A% H4 -9
7 A2 B A 5o 24 WA A B o]e]
o= Didecyldimethylammonium chloride (DDAC) 5 T} A|
4hEEo] HAE oItk oJilo] AT A= 7t 555
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x| - 270 - UstLt - 5

o jorE 9 7}
@ 5ol 4o

4. 7t57| 27N ®MIFe| 12 2

41. HE 5 8k

Qo Al BKC7} 7157 AHAI R AHEH Atele 2hs &= ¢l
o). BKCE 7H5710] AwA 822 AHEH A= Seuet
7} et} A E7HA] BKCE AdAlZ AHSe 7157] A&
2 2712 119 71571 AFAIALGEEAD) & Sl 7H57]
FHEA) oIt ‘119 7H571 AldAA = 199695-E 20034
7HA] & 1,104,00070(250 mL/7H)7} B E|Qict. o= Al HA
2 w2 mhfgolnt. ‘Al 7H5719H 2 1996E+HH 20004
7HA] BKC7t A A2 AHEIRAL, 20009 5FE 2003E7H4]
£ SA 719 5 AlE § Y= PHMG A+#0] AH&-
H Ao g FAHrt 20039FE 201187 LA 7h5719
W LARR 7HE7GH o 2 Al E o] vhylo] wufjE|Qict
2000400 A4t A3 AFE A= 4 A3 PHMGZH BE
ATk o] Al7|ofl= BKCE AdAIE AFEEH LA 7h57 |5
It PHMGE AA|Z AMHESE ‘SA] 7157 |d W 0] A 5o
TofE]97] fEo 2 SFAHHEh A 7hE7I9 S SAE
I 7H5713H o] AEkE]7] A1 20008 F#71A] BKCE At
A= AHES A0 R Y T2 of SAEHE + 7h5TY
' Al ZollA BKCeF PHMGZ} o] £0] = AEE g2ly]
c}.
7457) AtA AT 4 16A LA E-RAL LS (0]
ot E29)) BaA0ANE 7157 AdA Al A8 24
A BKCE AwA2 AHES Al 57 T AlE W 5=
58 AFLY 119 7+ AAAE 37 AlZolM 247t
1,270 ppm, 960 ppm, 1,250 ppmo] AZEQAcE? 17} A2
19974l A4k Zo]a, U] 271 A& A AEE el
o = QIglet LG3she] Wi B4 Apgof| oJshH A& 5 BKC
9] FFL () 0.08% (0.8 pg/mL, 800 ppm)Hct” o] A
Eo] A4 AEL Tego 51°] 0.1%, BKCE 0.08% (800 ppm)
2 F]o] gtk & Ao 4] 1S AA AR =7t 1.64)
oA} &2 AL & 5 Qi ‘119 7k AdAIAY A& YA
7391, 9, F4(quality) #e] 5ol tig 2APF " Qste} gt
H, 7}47) A QA (bulk)ol A BKC 52 HFsts 714
2 Park et al. (2020) 0] I3 B 1A 0f| 2}A|5] A o]
At

¢

32

42 3715 F8 sk

Park et al. (2020)-2 BKC 3+ 7H57] AHdA] A1Z w0t
A& A E4EHE Hat ARFHmL/AIRD, ¥ A, 3]
£ 5 ZA3 37] % BKC =& 555 34510 557 =
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oh 7Hg 8 o, 37] F BKC B 540.8 pg/m’2 F78=91
ok 371 T A RS B AE 30 moA Hi B AlES
1= 6AIZE AHEBAL $7)= AIRME 132 Fokal 7H S wfof]
7] % BKC 5=7F 53.3 pug/m’2 F3=|9Ict BKCO] I
A v JRF EAS 13 o BKC YA Hohd, A7)
e BX 50| 37 F vk B2 EE 557 JE 5o

1343 37 5 2 5%
7], 1%, A9} 5ol A= T2 & = Qlvh 371 F BKCE
AFH ok EAsHs B2 obd HaE vl gitk ¥7] 5 BKC
£ AFI57] 18k A (sampling media)2} 57 2 5o thgh

ol

of & Mr rr

01C_J|lj
o
=)
i
4>
ek
R
oS
re
-
=

S

43.387| =8 A

KOSHA (2019)®0] 4] 135 A4l FUEA Al1g Ztof
Al JgFo] TEFE F A == (lowest observed adverse effect con-
centration, LOAEC)= 0.22 mg/m’%{th. o] ZH2 ofhA] A9
ANE W] JFo 7 BRAYERAGA S 2)0kL, LOAEL (lowest
observed adverse effect level)9A] NOAEL (no observable ad-
verse effect leve) 2 EA(EGA S 3)3 gholth ol 5 &A1Y
2 Bod g 39 A% 9% A% o2 243 ol
o} 2 Aol 24T 37] 5 M BKC BE(53.3 pg/m)e
o] 712 olsfolAI, T B7] % BE(540.8 ug/m)E o] 7]
#2 2v @A 233k Johnson™- 2018 BKCO] gt =
7] 542 2T =R, BKCE 1% EHEHo| T &
U T 3 T AN A oA BEAZ A
Sk A2 75ttt 222 WRH:

oo 2 ol

4.4, 7t57| HoH| MSoil chet Loy Ak
119 71571 AldAA Alge G52 = AR JlsiAts 2
HE AlFE AREAL 179)01aL, FA] 7h57] g AlETHE
A8 TaiAtE 108E S AE AHEA 30%)01 %t o]
= Ad=EEAA7 e o] AlST 7H7] Al ws) A
w0999 Aol 24€ A2 78 BKC AHE AEE ¢+’
ol /N Qi 2F7] & E2 FHH X 771 A
A T3 £APF 20139 A2 AR, AS7HA] &
A R AlE2 20009 o] 5ol A4t AH|Folwt. BKC 2+
AEe] 27 w3 /S 7851 HsiA= BKC i AlE
o] e A171(1996~2003') 57t 1+ A 4] 5
714 SHUCR 97 o§ ArE EASE S 1T

.
% 9 Hole:

W ol
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v. &

BKCE S JollA ¢kt A=A, A4 X 5A] vEeolA
(nebulizer), 3H3& 5ol AwAZ FHASH A=Ak $-
gyt Aet £ Al7] 59H1996~2003 0.2 F43h)
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