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Formaldehyde Monitoring of Hygiene Products in Domestic Market
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ABSTRACT - By the standards and specifications for hygiene products, three test methods for formaldehyde are spec-
ified for each item type of hygiene product. After derivatization using acetylacetone and 2,4-dinitrophenylhydrazine (2,4-
DNPH), formaldehyde is analyzed by spectrophotometer and high-performance liquid chromatography (HPLC). Validation
of the three test methods was performed on tissue, diaper lining and waterproof layer, and panty liner products. The results
of linearity (R?), limit of detection (LOD), limit of quantification (LOQ), recovery rate (%) and reproducibility (%), showed
that all three methods are suitable for analyzing formaldehyde in hygiene products. After derivatization with 2,4-DNPH and
acetylacetone, formaldehyde was analyzed at 0, 3, 6, 9, 24 and 48 hours by HPLC. Formaldehyde derivatized with 2,4-
DNPH showed no statistically significant change in formaldehyde peak area over time (P>0.05). But, acetylacetone-deri-
vatizated formaldehyde showed a negative correlation coefficient (r) over time (P<0.01). We investigated the residual
amounts of formaldehyde in 205 hygiene products distributed in Busan. Among 74 disposable diaper products tested, 73 had
low concentrations of formaldehyde (0.13-29.87 mg/kg). Moreover, formaldehyde was not detected in any of 78 tissue, 27
disposable paper towel, 12 disposable dishcloth, 7 paper cup, one brand of paper straw and 6 disposable napkin products.
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B A ool M2 e Mo AgHd F552 ¢
AEF dWor FHEdsEA 7Ee Ve 3 AlE
HE SA] dZel LT FEol wet 5L
= AIEE AT AAEY 3 E4Wel vEA g
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FA4He] HEE B AU, 71T R T2 V)
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Table 1. List of hygiene products used for analysis

Materials and Methods

HEr=
oo A f5 F9 IEF 2057 tideE X
E4dE|lE AFY 2UHYS AAEIH 98EE 53
H2 = A 787 (P14 s34 4071, P48 sgA] 38
), 43& 71AA 747 1b014 NAFA 457, AL 7]
371), ¥3]8 e 277 (71%1E

A7 2670, 408 1487270
9 2471, F=ehd 37]), 43§ A7 127, L3 FolF
77, 438 FolHAl 67, UG Folwt) 17eldich
A RE A3 7NAA AFS A 677, dEAL 47,
B =t 271, vl 1710103, YA fre BF =4k Al
FO2 UehsthTable 1). A5l freH= HEjgeld A
Fo gjRo] oope|Eo g §7te AF R Yeht, YA
&Foz AuE U3 WEtold] FAAF7E /I

H ol

EFEY Y NY

R8N} AJoF A Zoll= ELGA water purification system
(ELGA, High Wycombe, UK)Z AJ4tel GATE AMS-315
3, FEAISE AJoF AlE D HPLC E4]0) A3k ol 5At &
] = acetonitrile (HPLC grade, Merck KGaA, Darmstadt,
Germany)< AF8-3Hth A2 oll= acetylacetone (Wako
Pure Chemical industries Ltd, Osaka, Japan), acetic acid

4

(Merck KGaA, Darmstadt, Germany), ammonium acetate
(Sigma-aldrich, St. Louis, MO, USA), 2,4-DNPH (Aldrich,
St. Louis, MO, USA), citric acid monohydrate (Merck
KGaA, Darmstadt, Germany), dimethyldihydroresorcinol
(Sigma-aldrich, St. Louis, MO, USA), ethyl alcohol (HPLC
grade, Merck KGaA, Darmstadt, Germany), trisodium citrate
(Merck KGaA, Darmstadt, Germany), dimethyldihydroresorcinol
(Sigma-aldrich, St. Louis, MO, USA) ©| &390, X5

Item type No. of samples No. of imported products
. Tissue 40
Toilet papers .
Toilet paper 38
Diapers for children 45 4(Japan 3, USA 1)
Disposable diapers Diapers for adults 26 3(Thailand 2, Japan 1)

Adult sanitary rug 3

. Kitchen towel 24

Disposable paper towels

Hand towel 3

Disposable dishcloth 12
Disposable paper cups 7
Disposable paper napkins 6
Disposable paper straws 1

Total 205




Table 2. Analytical conditions of HPLC for formaldehyde detection
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Column

Column temperature

Detector

4.6x150 mm, 5 pm (Capcellpak, Shiseido, Osaka, Japan)

40°C

Acetylacetone-derivatization : UV, 412 nm

2,4-Dinitrophenylhydrazine-derivatization : UV, 354 nm

Mobile phase
Flow rate

Injection volume

Acetonitrile : Water =55 : 45
1.0 mL/min
20 pL

gddl= BEEZLS AccuStandard (New Haven, CT,

USAY ] 1,000 mg/mL 552 A&t
SYZ Y AR
NZE S8 =0 g Te T2AY e AP 2
%ch}%?_%ji} :37_/\] _Or]/\g%_%i_o 7]% m %7:] X‘"S }\g%
Z AFH 4, ZEYEE|E A1 ‘ﬂé, A2 xﬂ:;HJ )Ql'Ji_”iE-_zE_
REaR Lo FSIny. Adel Fulele AY Fegx

(Jeio Tec., Dae-Jeon, Korea)S AFE-311L, 5 4l &
34 = A(UV-1900, Shimadzu, Kyoto, Japan)2} HPLC-PDA
(Acquity UPLC I-class, Waters, Miford, MA, USA)E A}-&-3}

G}t ALE 3 AFubHe et 7

44, 93 E B 5 A A8t 9483
lem®@ 2mLe] H|E&E 25°CE g 255 ZwE =
(3§ AF FE 4% 22hHE 7t FolFe]
SHTE 7H5 AL AARAE Qo] 25°CellA 10
w5 Ao AFPLdow st A|Fed 2 gF
25mL, FAEN 4mL B 24-DNPH A} 2mLE
3lof 40°CoA 1417E A Bl FeoR A F 8 7t
3t 50 mLE 3} HPLCZ #4131 tH(Table 2).

3§ 7IA A= A2yl wet kWSS st
o Z}z} A A2 F 125 g”i]—% 250 mL Tz Y
40“C§ 718t =79 100 mLS 718F 3 40°C 324320

A EEo] FH 6027 %% T o3t o SmLE
Aol Yar ool E Al SmLE 7hE 4 F
40°CoA 3087F EE0] FIL A2olA] 3087 WA & &
B =A 412 nmell A —E—%E% %Xé‘é}iiﬁ‘r.

ﬂ“ﬂi}oltﬂ~ 4

Ag AAs AL FAE i A A2 & AL% —‘%7%194 40
Hj €] ZE"(.T’_%X} AE FFAF 7

Obo e oox du o

_\; LA Ho ) rle

F40°CF2TENAN 603 FF F
ok A1EE9 10mLe oA EolE A
T 40°ColA 3027F 7Feste] §¥e & HPLCE X5
3= s 48k tH(Table 2).
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Fig. 1. Chromatogram and match plot of formaldehyde standard by HPLC.
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Y, BEWY T BV
B fEA AES S5l AFA AAAe) Y@

[¢)
FBATF(RY), AEH, A FSHAIE TSI TH(Table 4). X
FEHslE EE&do HAFHS A o A 24-
DNPH/HPLCH | X = 0.9991, o}A| € olAlE/EF3 =4
0.9999, olAl oM E/HPLCAAE 0.999582 LERY, 37}
2 A oA 25 }”}74]T(R2)7P 0.9990] 40 = =
248E e

thEZFQ YAEFo) Tzt TSLH =2 AETA 9}
A 257 = Table 49 Z2th 2 A doA ZTELH S| = A
A 35 A& 2 AHeHAE JAEFe] 71 ¢

MRL)] ¥8] 3 WA ek, EEAEs=e] 4 ¢

%]
A0 F8E HNF5187]15(Maximum Residue Level,
.
Mg fAgh Age Al e R et s oA o] A

3 AFIAE AN G =2 S T Ao Kang™
2 FolA 71T 8714 EZELUS| =] HEIHA, A
A S 2,4-DNPH/HPLCY 0.006 mg/L, 0.018 mg/L, °}A€

oM E/AFF =AY 0.035 mg/L, 0.117 mg/LE HI1319,
AR A A|F3 B A FANE GAFS AFE Folg
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T ATk L3E 7IAANA FAGE 2 T ATl
£ 2,4-DNPH/HPLCH 0.024 mg/L, 0.081 mg/L, oF¥|€o}
A E /A2 F A 0.009 mg/L, 0.029 mg/L, oFAEolA =
/HPLCY 0.005 mg/L, 0.018 mg/L=E, o} € o} E/HPLC
7 7P W& wEollA A 7ol Ths ettt Balst
Ak, 2y 2 Aol A= 2,4-DNPH/HPLCH 3 oA
Yo E/HPLCY Atololl= zel7t gle ASE Ueh,
FEAsE Al H A fEd A7 9 28
Aoz AztAnt. AMEeto|]e] opa oA E/HPLC 4
NMe HEEA 0.006 mg/L, A FEA 0.017 mg/LZE <l
Hol, d 5o A7 22 AHE YEiETH.
HEEE % ¥ 2MPH e !l—’.“—% U UE=/d B2t
AAEE 3 B WE I5E LS 1
wakz] flated, B, 438 7IAARH, BrF), o
& AMEgto|HE MR RE slo] &&3 o A&
o] 71 4 #49 #+¥¥ MRL &=
E*ﬂﬁr ate] 43] whEate] AT 2 A9 AEY
80%°]/del F2d IFed AT F AU, S
%,\L Ato] 9] ol HAH%RSD)R] WHEA (repeatability)
20% oW 2 %3 35}%th(Table 5).
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st A7 3, 2153 2 10°C AL §A5H4
4877k HPLCZE 33] wHi =4 slo] AR e 4

t}. 24-DNPHZ F=Ast € 25ds =9 4§ A
3ol e TEYE|E BaAe] FAH %91*3-8— B
O|R] UTHP>0.05). W, ol Dol ES R
EEYUSE WA A7k folAR] AHAAE Bie
gl (P<0.01), oM E-Z5 L3 = WA A7k}
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Table 4. Limit of detection (LOD) and limit of quantitation (LOQ) for formaldehyde by test method

. 2,4-DNPH/HPLC Acetylacetone/spectrophotometer Acetylacetone/HPLC
Item type Unit ~
LOD" LOQ? LOD LOQ LOD LOQ
Tissue (mg/L) 0.003 0.012 0.027 0.083 0.004 0.012
Disposable Lining (mg/kg) 0.004 0.011 0.024 0.072 0.003 0.011
diapers Waterproof layer  (mg/kg) 0.006 0.018 0.032 0.096 0.007 0.024
Disposable panty liner (mg/kg) 0.004 0.011 0.029 0.098 0.006 0.017

DLOD : 3.3x0/S.
2LOQ : 10xc/S.
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Table 5. Recovery rate (%) for formaldehyde by final concentration and sample type

Concentration (mean+SD mg/L or mg/kg)

Jtem type Final Re;gvDer}ﬁ (%)
concentration (%)
2,4-DNPH/HPLC Acetylaceton/spectrophometer Acetylaceton/HPLC
4.052+0.033 3.949+0.014 3.910+0.013
Tissue 4 mg/L 101.3 98.7 95.1
0.32 0.37 0.57
0.187+0.007 0.186+0.014 0.188+0.003
0.2 mg/kg 93.5 91.3 93.9
4.24 5.31 1.24
0.218+0.004 0.242+0.012 0.228+0.002
Lining 0.25 mg/kg 95.0 96.8 91.3
2.00 3.15 0.48
2.881+0.006 2.920+0.011 2.885+0.009
3 mg/kg 96.0 97.3 93.3
Disposable 0.22 0.011 0.31
diapers 0.189+0.007 0.200+0.015 0.187+0.004
0.2 mg/kg 94.4 100.1 93.5
3.55 4.90 1.29
0.234+0.005 0.239+0.013 0.230+0.004
Waterproof 5 1 o/ke 93.6 95.6 91.9
layer
2.12 3.98 1.08
2.953+0.045 2.940+0.006 2.926+0.008
3 mg/kg 98.4 98.0 97.5
1.58 0.21 0.26
0.369+0.004 0.360+0.013 0.370+0.010
Disposable panty liner ~ 0.375 mg/kg 98.4 96.0 98.6
0.004 3.03 1.96
Table 6. Formaldehyde peak area (mean+SD) of formaldehyde by time after derivatization
Time 0.25 mg/L 0.375 mg/L 4 mg/L
2,4-DNPH Acetylacetone 2,4-DNPH Acetylacetone 2,4-DNPH Acetylacetone
0 80823+204.8 34458+117.3* 113738+420.3 44669+212.0* 925240+648.0 359902+392.2*
3 80748+348.0 33465+280.1* 113431+306.4 427244+35.8%* 923781+2336.8 357714+463.7*
6 80326+234.8 33048+218.9* 111750+903.5 42856+143.7* 924803+1190.4 357315+161.3*
9 80175+32.5 33059+40.3* 112479+1094.3 40330+141.5* 924573+1612.2 357025+156.4*
24 80808+550.2 297114£254.5* 113485+285.9 39798+161.7* 923576+1622.0 355866+289.4*
48 81071+514.7 28446+281.2%* 111514+1089.5 36303+114.9* 923536+975.5 342679+269.8*

Value were significantly different by regression analysis. * P=0.001.

-0.944, 4 mg/L=

& ZEL=

#2519t vt 33

0950024 LS9 A
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& BAEAL )
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FHATE BT o

ol FobE

3ol value

olRe™ (0.25 mg/L

ILZ0
Rl

Bstel FAST A7 A Agae ol
©] 7% B value =-125.680, T
value = -13.471, P value = 0.001, 0.375 mg/L E=q A= B

= -153.514, T value =-11.391, P value = 0.001, 4 mg/
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Fig. 2. Formaldehyde peak area (%) by time after derivatization.

L EFNEe B value=-324822, T value=-12.116, P
value = 0.001), A17¥0] 73355 vjau o] 7hadE Zo
Z A& 5 UTH(Table 6).

W D IHAHFS vt Fig. 20 YeplSdoh 2 2
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Table 7. Formaldehyde content (mg/kg) of disposable diaper lining and waterproof layer

Item type (No. of samples) Lining

Waterproof layer Total

Diapers for children (45)
Diapers for adults (26)

0.00-15.65(4.09+3.57)*
0.00-15.21(3.44+3.55)

Sanitary rug for adults (3) 2.27-15.50(6.76+7.57)

0.13-15.42(5.88+4.12)
0.00-29.87(3.34+5.92)
4.25-6.98(5.87+1.43)

0.00-15.65(4.98+3.94)
0.00-29.87(3.39+4.84)
2.27-15.50(6.324.90)

Total (74) 0.00-15.65(3.97+3.74)

0.00-29.87(4.98+4.88) 0.00-29.87(4.474.36)

*Min-Max (mean+SD).
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