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ABSTRACT - The purpose of this study was to investigate and evaluate the safety of the wet tissues. In this study,
we analyzed sterilizing preservatives and the presence of harmful substances in 62 wet tissue samples in the market.
The contents of preservatives, formaldehyde and methanol were analyzed by HPLC and headspace-GC, respectively.
Cetylpyridinium chloride was detected as 7-13 ppm in 5 samples. Sodium benzoate was detected in 46 samples rang-
ing from 200 ppm to 3500 ppm, and 9 ppm of methylparahydroxy benzoate was detected in 1 sample. Propylparahydroxy
benzoate was not detected in any samples. 5 ppm of methylchloroisothiazolinone and 140 ppm of methylisothiazolinone
were detected in 1 sample. Formaldehyde was detected as 0.0069-1.796 ng/g in 59 samples. Methanol was detected
ranging from 2 ppm to 51 ppm in 22 samples, and 4 samples showed more than 20 ppm of the legal limit. The pH of
the wet tissues was 4.0 to 8.2. Continuous investigation and monitoring are necessary to ensure safe distribution of

products.

Key words : Wet tissue, Preservatives, Methylchloroisothiazolinon, Methylisothiazolinon, Methanol
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Materials and Methods

eSS P

A HEA T T2SAIH b E (Methyl parahydroxy
benzoate, mPHBA )3} I2}5-A] 12 8R4k 2 3 (Propyl para-
hydroxy benzoate, pPHBA), W€ S Z 2 o] AX|o}F =
(Methyl chloro isothiazolinone, CMIT)< Dr. Ehrenstorfer
GmbH (Augsburg, Germany)A}2] ¥FFS Fujste] A&
sIsler, w2 o] x|olEE]=(Methyl isothiazolinone, MIT)
7} 34 € 9] 2]t (Cetylpyridinium chloride), X5 < d]
3] =(Formaldehyde)= Sigma-Aldrich (Saint Louis, MO,
USAALY] RFEFS AFE8ITE b ) EF (Sodium
benzoate)<> U.S. Pharmacopeial Convention (Rockville, MD,
USAAHE] AlFS Fullsted ARE-&FiT). e A

of AlgH ol EYEZ L Burdick & Jackson (Ulsan,
Korea)Ale] AFS A3t o, B2 SR/t A=
ZoTE ARSI

34l

A&m AAge] Ae¥ X233 XE Branson 8510
(Branson Ultrasonics, Saint Louis, MO, USA)E A}&-3}%1
oh SH RN ER, SebSAI Y, ek A QR
Frhz 2 o l‘écéi of AH&¥ #A7]17]= Agilent 1260
Infinity Series HPLC system (Agilent Technologies, Santa
Clara, CA, USAYE AH&-stlon, S22 o|Ax|olE
g, HEolaAolEeE, dsAlE s, X524 3]
= F2& Waters 2996/2998 Photo Array Detector (Waters

A O B O

| S/N_CHS | /N—CH3
Cl S

Fig. 1. The chemical structures of methyl chloro isothiazolinone
(CMIT), A, and methyl isothiazolinone (MIT), B.

Corporation, Milford, MA, USA)E AH&-3}3 T} WEhe &
2L Agilent 6890N GC-FID (Agilent Technologies, Santa
Clara, CA, USA) ¥ Network Headspace sampler, Agilent
G1888 (Agilent Technology, Santa Clara, CA, USA)E A}
galelh. 24 AP WYFe ol ax|olEeE, vde)
axolEeli, b, AN PIIES, TEAUE &
Aof|= Capcell Pak C18 (250 mm x 4.6 mm i.d. 5 um)<}t
st e E|t]E E4oll= Hypersil BDS Cyano (250 mm
x4.6mm id. 5um)S AREEAL, WEHE A= HP-
INNOWAX (60 m x 0.32 mm i.d. 0.25 um)Z A-&3}th.
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Table 1. Operation conditions of HPLC

Parameter Column Detector Mobile phase
. CAPCELL PAK C18 MeOH of 0.01 M NH,H,PO,- THF-D.W.
Sodium benzoate (250 mm x 4.6 mmid,5pm) DA 234nm (225:60:715), pH 3.4 with H,PO,
*mPHBA and **pPHBA CAPCELL PAK. CI8 PDA, 254 nm ACN-D.W.-Acetic acid (55:44:1)

(250 mm x 4.6 mm i.d., 5 um)

BDS HYPERSIL Cyano
(250 mm x 4.6 mm i.d. 5 um)
CAPCELL PAK C18

Formaldehyde (250 mm x 4.6 mm i.d., 5 pm) PDA, 355 nm 0.01M HC1 ACN (40:60)

Cetylpyridinium chloride PDA, 259 nm 0.01M CH,COONH,-ACN (25:75)

*mPHBA : Methyl parahydroxy benzoate, **pPHBA : Propyl parahydroxy benzoate

Table 2. Operation conditions of HPLC 2o AEle] TFAML A3l ATgA 9 35S A
Parameter *CMIT and **MIT o] ALE-3lAh HA= 045 um PDVF ZHE A8-31

Column  CAPCELL PAK C18 (250 mm x 4.6 mm, 5 pum) e § HPLCE #A3H3t). 412712 Table 23 2}
Detector PDA, 276 nm
A : D.W, B : Methanol

Time A B AEHS FEsdE ke AEWY 5 veEEe]
0 70 30 A Az rtE e Iy = F Ao wEt A3k v
Mobile phase : 750 3(5) EFE 1mLS AEsHA FHs 7o Eo] A Z@]—o]—?ﬂ
10 s 95 LOLE 3lo] EFYN S vHET) o] 98 5 WHAE F
13 70 30 ol AM 3t TEHE A3} @%k/d el ﬂ?% }‘]ﬁq
16 70 30 of AH&stsitt. AAl 3mLE FHste] 7AA=vETH =
*CMIT : Methylchloroisothiazolinone, Sl Esvol 2] wet AlFsitt. A% 712 Table 3
**MIT : Methylisothiazolinone ¥} 2t}
SF3ATh HPLC #41%7& Table 134 72t} ZELHsle T
A S e ke AWy 5 2528
HuZzRo0lAR0ERl=D HolAROISEE e = PO wel ATk TRV S HEES FRT
Aaol W g AP AB|FEMAA 20143 £ = FAale] 5 WA vhE T Aol g Pyew 4
QPR RDAR AL E wFAANE A e Aol REAOE ZAIT of HEANS ARA B
A ALATARA D BFA B0 F NAITE F58 A0l Aath B 108 A Esd)
olzAEEeEs v dolaAolEeE Aduel wek 4 S= APHeR AAd F Bole HPLCE A8

gt HAZZ 20| AXgEe = H oA o}E&g] o} B ZAE Table 134 72t}
= EEEL WBLE HEANS Axse] 6 AZ

Table 3. Operation conditions of Headspace and GC

Parameter Headspace Parameter GC
Vial Equilibration temp. 70°C Column HP-INNOWAX (60 m x 0.32 mm, 0.25 um)
Loop temp. 80°C
Inlet temp. 200°
Transfer line temp. 90°C niet temp 00°c
Equilibration time 10 min Oven temp. 50°C (5min) — 10°C/min 150°C (2min)
Shake High Detector temp. 240°C
Pressurization time 0.5 min
lit rati 10:1
Vent (loop fill) time 0.5 min Split ratio
Loop Equilibration time 0.1 min . .
Carrier flow 1 mL/min, N,

Injection time 0.5 min
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FENIE dAn AGPE F pH AW o 0
2 Agsteleh. AL 9484 B It A,

2} A5 o] &3t s~eTtAE 34
ato] 53] wHE SAste] AFAS AT 12 39
BAA(y=Sx+bo2 FAAF)E TotL A
(Linearity)S 7 E3}o] Table 10 YR ATE. A8A ()
£ HAFE R0 A 0}ET =L 1.0000, v o] x| ol

=2 09997, 3t E Y E 0.9999, St AU EF
o E

)

0.9995, ZeFSAIRMA FAIAIE 0.9995, THeb-5A] b4 @Al
=23 09995, WEHS 09991, E2LHF = 09998 |

I A A9 FARRE gho] vel g7t A4 o) yEkstt

T~

dEetA, g

7Z 3 (Limit of Detection, LOD)$} 7 #3HA| (Limit of
Quantitation, LOQ)= 2144 Al@ellA 3 13} 3]HWA

2oz Al 71L7)(S)E T3t ¥l W A}(o)
£ olg3te} ol Aoz TRt Zhate] AEAA L A
3 A= Table 49 YERH AT,

LOD =33 x o/S
LOQ =10 x 6/S

A= WAEAEEZo|Ax|olEE]= 0.042 mg/L, W2
o] 2X|o}Ed = 0.063 mg/L, BIHEIHYF 0.042 mg/
L, SHABFRIEF 0.237 mg/L, HhSA|SA ke 0.318
mg/L, JEFSAQFA B Z 23 0,405 mg/L, WIEHS 4.837
mg/L, EELU3]= 0.400 mg/Lo| AT},

o=, BAH= UFREN FY I
AL 2 AP A fFRAEAToEA fre ¢ EFA 62 F5S e E ddEEAE £
BUEE gRlsy] S8l darEA B W, x59u A3 A= Table 59 ) PRIV EFS 7P Bol
3= FEAS 5 3] b S F8AY HASE e ARSske BEAR 46 FEA ARES ZoR UEste
1 1 A= Table 49} 2T} AOAC (Association of official 7, &% X=% 200~3500 ppm=E AHE-$H= 5000 ppmE =
analytical chemists)oll =W 3482 80~110%, FHiE I3t AF2 UATH
FHAE 11% o]at= 4 stal Slvt. A E R =] 4x]o} gl 7= ehSAIREA L ERE 1 FEelA HEH
Ed=, WAool =, GsEEYE 47 1my oW, AEFE 9ppm= ARE7]E oWt kA &
L, PN ER, SepSAIRA MY, aekS ARy AR AF AFEA e depile gkl sPdE] B
PR WEE, IS EE A4 Smg/lLlld A FEE Bol AREI e Aielth 92 548 1A
WEFAAE 0.11-2.17%% kel 2H-sH B2hS & v JEFA gFdoly 75 dd=rls 48 5 e
T AN Ao g delx Arph. el R o] AMES e vl AR
dEde] AEHA G AR BEFS TSl 3] SZE 4000 ppm, S EE 8000 ppm AHE-0] 7hs
TEE Flste] HSAS Bt AR EA B AEE, Stk dA) S9] JES B A ool ¥ sPE
EFLU =S AT} HEs REES HUbete] 8 o] EgFste] 10000 ppm ©]Et7HA] AFEE = 1AL, EUSH
Table 4. Linearity and quantity values, precision and accuracy of standard solutions (n = 5)
Parameter LOD LOQ Linearity (r°) Precision Accuracy
(mg/L) (mg/L) Conc. (mg/L) RSD (%) Recovery (%) 95% confidence interval
CMIT 0.012 0.042 1 1 0.59 95.8 93.77~97.98
MIT 0.019 0.063 0.9997 1 0.73 98.3 97.30~99.27
Cetylpyridinium 0.012 0.042 0.9999 1 0.79 98.3 97.59~98.91
chloride
Sodium benzoate 0.078 0.237 0.9995 5 0.53 101.6 101.20~101.94
mPHBA 0.105 0.318 0.9995 5 0.11 99.6 99.07~100.11
pPHBA 0.134 0.405 0.9995 5 0.23 97.9 97.73~98.04
Formaldehyde 0.105 0.400 0.9998 5 0.19 100.7 103.66~105.73
Methanol 1.451 4.837 0.9991 5 2.17 108.1 107.54~108.63




Table 5. Analytic results of six preservatives in wet tissues

Detected Content Legal limit
samples No. (ppm) (ppm)
CMIT 1 5 1
MIT 1 140
Cetylpyrlfilnlum 5 7-13 200
chloride
Sodium benzoate 46 200~3500 5000
mPHBA 1 9 4000
pPHBA : : 4000

*Results of total 62 samples.

Table 6. Analytic results of methanol and formaldehyde in wet

tissues
Detected Content Legal limit
samples No.
Methanol 22 5~51 ppm 20 ppm
Formaldehyde 59 0.069~1.796 ng/g 20 ng/g

*Results of total 62 samples.

H= CIRAM = $-2lot g3 7 .
W71 A R ARES] BAIZE S WAFRRE0) A
AotEe = wHo|aX|ofE=o] 1 FHAA FA
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OS2 HoAH, MAIEEo|nAotE= SppmE 27
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Z2=3:1) EFEY AM-sEE Tppm FEolH F7HE
o] otEEE 138 ppmE AMERSS & S AT W
AF 7 2ol a0l =3} W Ho|hxolEE=(3:1) EF
90 ARSPEE AR $ Aojlle AlFel tisiA W 15 ppm
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