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ABSTRACT - In this study, we examined the residual amounts of formaldehyde in hygiene products to determine
the safety of these products in Gyeonggi-do. Formaldehyde is among the harmful substances that may remain within
certain hygiene products. On the basis of an analysis of formaldehyde in a total of 222 items (6 disposable paper
straws, 9 disposable paper napkins, 21 toilet papers, 13 disposable dishcloths, 16 disposable paper towels, 32 wet
wipes for food service restaurants, 25 disposable cotton swabs, and 100 disposable diapers), we detected traces in
three wet wipes for food service restaurants (1.87 to 4.45 mg/kg), which is approximately 9% to 22% of the standard
level (20 mg/kg). We established that all the hygiene products assessed in the study met the individual standards for
formaldehyde, thereby confirming that safe products are being distributed. In the standards and specifications for
hygiene products, the formaldehyde test method is regulated for application with respect to three categories based on
the type of product. The samples used in this study were of types for which method 1 or method 2 is applied, and the
limits of detection, limits of quantification, linearity, and recovery rates were reviewed to verify the validity of each
test method. When method 2 was applied, we experienced interference when performing analysis at a wavelength of
412 nm, which was associated with the influence of impurities in some samples of disposable cotton swabs and dis-
posable diapers. Consequently, in these cases, the results were compared after analysis using method 1. By comparing
the results obtained using method 2 with those obtained using method 1, the latter of which were unaffected by the
interference of impurities, we were able to detect formaldehyde at low concentrations. These findings accordingly
highlight the necessity to standardize the formaldehyde test method for future analyses.
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Table 1. The list of hygiene products used for analysis
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Item type s?r?li)?:s No. of imported products
Disposable paper straws 6 4 (China 2, Indonesia 1, Vietnam 1)
Disposable paper napkins 9 1 (China)
Facial tissues 11 -
Toilet papers 10 -
Disposable dishcloths 13 6 (China)
Disposable paper kitchen towel 13 2 (China)
Disposable paper hand towel 3 -
Wet wipes for food service restaurants 32 -
Disposable cotton swabs for adults 16 16 (China 15, Thailand 1)
Disposable cotton swabs for children 9 9 (China)
Disposable diapers for adults 36 13 (China 9, Thailand 2, Denmark 1, Japan 1)
Disposable diapers for children 60 14 (China 5, America 3, Canada 2, Greece 1, Japan 1, Sweden 1, Tiirkiye 1)
Disposable adult sanitary rugs 4 1 (China)
Total 222 66




48 Seo-Hyeon Song et al.

o

10072 (7418 7144 3671, ool 7147 6071, 418
A2 a7yl ATt A= HE2 AHEHE 667 (2F 30%)
o] #F9|2 RN, YA = = Azt d3]&
HE> 25 T Ax ARl 438 7IAA= =
=, v=, B= 5 oy bl Az AFol 5L
ATk ¥& A 117, sFAE SgA] 1071, H=E
4 37, AFHAE LS S 32702 BT Y Alx A

Z o] th(Table 1).

FYH8 = EFEZ2 Sigma-Aldrich (St. Louis, MO,
USA)AFS] 15 %35 % (certified reference material) & 2
HekeZ oPg3lel 89(37.9+1.4%)2 AHE-5F T

Al¥ o & 2 4-dinitrophenylhydrazine (2,4-DNPH), citric
acid monohydrate, trisodium citrate, ammonium acetate,
dimedone (5,5-dimethyl-1,3-cyclohexanedione), acetylacetone
£ Sigma-Aldrich (St. Louis, MO, USA} A|&S A1&-3}
% T}, Phosphoric acid®} acetic acid= FUJIFILM Wako
pure chemical Corp. (Osaka, Japan)A} Al #<S AF8-31S 2,
acetonitrile, ethanol, methanol> Merck KGaA (Darmstadt,
Germany)At A F& AMESHATH S/HTE 2ETAIR
(Lab Tower EDI 30, Thermo Fisher Scientific, Niederelbert,
Germany)Z 182 MQ.cm 22 FAH STHFE AN

Co=s

MA| FZwFE T2 3 (high performance liquid chromatography,
HPLC) #414 5898 RFANS 4% 244 T/
o 843te] 0.01-1.00 pg/mL FE7F HES ZA|5he] A}
|ata, BFEEA EA4E T892 STHRTA 34

[e)
alo] 0.15-2.25 pg/mL F=7F HE2 2A|ste] ARSI

M 9 |

AALE T TEYUSIE B2 AFFEMHA
Al TRAgFe] 71 2 4, A5 ANEE AEY 4
EFELUS=E 7E A, U A2 2 T 2 &)
o 71E 2 Ey o V7 2 87120 AYY,
2. A AJEY, 227 2ELUSIE ARl wet Al
Ak A1E FENS A" F24Z(BS-21, Jeio Tech,

Table 2. Analytical conditions of HPLC

Parameters Conditions
Column (4‘6C jplcseélrﬂill{,(sjlflm)
Oven temperature 40°C
Detector PDAY, 354 nm
Mobile phase 55% Acetonitrile
Flow rate 1.0 mL/min
Injection volume 10 pL

YPDA: photodiode array.
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(Acquity UPLC H-class, Waters, Milford, MA, USA)$}
UV-VIS spectrophotometer (Lambda 465, PerkinElmer,
Daejeon, Korea)& AMHE-3ITE #2418 ZH2 Capeell pak
C18 (Osaka Soda, Osaka, Japan)2 A3}t

Ae A&ste AFHA0Y948 edwe eHwY

1.0 goll 4% ZAHS 718 50 mLZ 3 98 Ajggoow

shath SR, A58 Bhd, 438 FolHl, 43§ 3
FE= 1 em® B 2 mLY HEE 25°C /5 = 4% %

koA 1087 WA A 108) A5t AJFPgRoz
StATh A8 9 53 89E 0.7 mLY 72 3k
2mL H}o]Zol]l ¥ 0.4% 2,4-DNPH <12+ 0.1 mLE 7}
3 5 Wasle] EE0 F o A 308 WA
acetonitrile 0.7 mLE 7}3}e] HPLCE £33t B4%

7L Table 29} 72t}
A2HS A8she 438 W52 WAE AA g
< Hsta, 43§ 7|AAE S HrEss &
1%1_

| 22} 1gS Al (@21) 250 mL Sap2~=0)

)

£ 100 mLE 7}3l2 vl 3 40°C 32

FEoiAnh et FE2d 9 2FENS 5 mLY FHs

Z}zZb Aol Wil oA "ol EAI 5

ZH EEI40°C F2rxoA 3087 FAT & 7ol

Agox 3087 RS T} UV-VIS spectrophotometer

2 412 nmollA FREE ST FE0e] eyt

EcEe 9FS BAs] A8l

T k) 2 OuEeE XYY 6=
717 2 871240 7lE 2 44, &

Al et d3]8 Wf(EolA)= 1 em® § 2 mLo

H &2 25°C SRFIA 1027 WAg A A8

2 39tk Algey 2 2F89 25 mLAS 77 st

o] 50 mL W&ZEgaTe €3 AL 4 mL 2

2,4-DNPHAIY 2 mLE 713 & WE3le] gjuj 2 EE0]
o

Fr 40°Col| A 1217 WA Bl A8 & B2
2 3 b HPLCE EA3IAtt. #4272 Table 29
7},



2N 4T

Ao e A FFEIAA S A F-oJkE
Lok Al-AA# FAHEE A AN 824
gl A HAF Aol wht SISk TE). R BFEE
A 7t B E ARE sl 92 AHE HAFNE A4
39, “FFA S (coefficient of correlation, R?) 7S F3}
o] ZXAS FRISIATE &3 (limit of detection, LOD),
A &S (limit of quantification, LOQ)= &A%k 354
g A 71€712 e @l 247 33, 10ME wet
o] A=) 34E AE A iR R =
7t AEEA e AEFR NG =SH 7, A, 438

e
ﬂ

WE AFE NAANE AL BEEAS Al 7R
sEe Arkelel AR W Adwd ne} §484 A2
3 o BAY Ane A7) sEsh wmalth 33 u

Residue Level of Formaldehyde in Hygiene Products 49

o A BF 1
A

==

& BT

7t Agw el LoDS LOQE 54 &

FAo] R 3 0.9999 o)<l A

A, A1 elA

0010 mgL 2 0.029 mg/L, A2WolA 0.034 mgL 2

0.104 mg/Li

A 1TH

24z} e TH(Table 3).
ESLH 3= carbonyl”] 9} DNPH7} wt

1_—1—13

o FAE FEAES 345 nmollA] HPLCE 4] }%

o2 A2

Hal Azt ol ABme] EE0

= 24o] F5de st

A2He x5S

o
== T
b

]1:7]_ o‘l_,ﬂ]lﬂo]_xﬂi =i o]—l:l—n—o]_Q__,J—

=]
kg5l AR =@l 313HE(3,5-diacetyl-1,4-

dihydrolutidine)&

412 nmel|lA #3343

Yo ZEIUS T B weh Wl kA %
2 A 8R00] e, Argel va) Azt

TAZR BAsE= v

9o}o

2890 ol EXAXE PHOZ hrol JUEE kol A¥Ee] THAWHNSE FFT 5 Atk 4 ¥
Hx }(relatlve standard deviation, RSD)Z AAFs} A T}, AWl LOD, LOQE A8 Al AR =202 el
1};\; 19)
Results and Discussion A Jeeot AUeE Hlastr] s N%ﬂﬁi?j
a8 BElF, 594, U308 /147, 4318 W8S Y
BN AT 25 NEE 8o 8582 HESAT AYEE H A4 5
AP 4L S8 LE5Lel= FFEAS AN £ =5 7R 025, 14, 24 FEO REFS HUKE
21 A] 0.01, 0.05, 0.10, 0.50, 1.00 mg/L TE==Z, A2y & A3, 3§ 7AAE FF w2t M8 7o) vfst
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Table 3. LOD, LOQ and linearity of formaldehyde by test method
Test method LOD" (mg/L) LOQ? (mg/L) Linearity (R?)
2,4-DNPH/HPLC 0.010 0.029 0.9999
Acetylacetone/spectrophotometer 0.034 0.104 0.9999
" LOD: 3.3%06/S, limit of detection.
ILOQ: 10%6/S, limit of quantification.
Table 4. Recovery rate (%) of formaldehyde by test method and item type
mebod  temope T Conen B o
5 mg/L 4.95+0.132 2.67 99.0
Wet wipes 20 mg/L 19.85+0.050 0.25 99.3
40 mg/L 39.43+0.257 0.65 98.6
2,4-DNPH/HPLC
1 mg/L 0.89+0.023 2.59 89.3
Tissues 4 mg/L 3.80+0.025 0.66 94.9
8 mg/L 7.72+0.026 0.34 96.5
) 0.1 mg/kg 0.09+0.004 4.79 86.5
C](?t‘:opn":i‘gﬁs 0.4 mg/kg 0.38+0.004 1.17 93.9
Acetylacetone/ 0.8 mg/kg 0.76+0.006 0.82 94.8
spectrophotometer 0.20 mg/kg 0.19+0.005 2.46 94.0
Disposable 0.75 mg/kg 0.7520.007 0.96 99.4
diapers
3.00 mg/kg 2.99+0.031 1.02 99.8




50 Seo-Hyeon Song et al.

T2 FArskdnh Ay A2y 25 EES T
2 FEHEE 80% ©]/d2] 3Fgo] ER1EII, RSDe A
1HNA 0.25-2.67%, A2 A 0.82-4.79%= LFEFRTH
(Table 4). ©]&= AOACS} CODEX A ZolA AT Hr
H 3)5g Mo vEske 23R MEAE gust 55

oA,

eI THeY A Ha

AYSF 2070 sl TANSES J1F R FA,,
139§ ER ANE L F, F ZELAHE A
Fol ek TEAUIE AFFL 4 &
W (FolAl), Qg FolWl, HA, U5§ BF, U
38 BHOIAE BE AEHA Wtk ol MY A7

A

0.100
oos0{ Blank
0.080
0.070
0.060
0.050
2 0040

0.030

0.020

0.010

-0.010

-0.02

000 050 100 150 200 250 300 350 400  4.50

0.100

Minutes

500 550 600 650 700 750 800 850  9.00

0.090 Standard
0.080
0.070
0.060
0.050

2 0.040

0.030

0.020

0.010

0 250,00 26000 27000 28408 29900 XG0 31000 2500 39000 MAM 35000 36300 00 000 WOM

>Form aldehyde - 5626

0.000

-0.010

-0.020

=

000 050 100 150 200 25 300 350 400 450

0.100

Minutes

500 550 600 650 700 750 800 850 900 950 1000

o0s0{ Wet wipes
0.080
0.070
0.060
0.050

2 0.040

0.030

0.020

0.010

0.000

-0.010

-0.020

e 2460

’} Formaldehyde - 5.623

=

000 050 100 150 200 25 300 350 400  4.50

500 550 600 650  7.00 750 800 850 900  9.50 1000

Minutes

Fig. 1. Chromatogram and match plot of formaldehyde standard (0.5 mg/L) and wet wipes by HPLC.



Table 5. The results of formaldehyde in wet wipes for food ser-
vice restaurants

Concentration Specification

No.

(mg/kg) (mg/kg)
1 4.45
1.87 20
3 2.49
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Fig. 2. Formaldehyde spectrum change by dimedone treatment.
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Fig. 4. Chromatogram and match plot of disposable diapers by HPLC.
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