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Abstract: Marker pens belong to school things that are controlled by the regulation system called safety
confirmation under special act on the safety of products for children with the formaldehyde criteria of 20 mg/
kg. With nine marker pens available commercially, formaldehyde in marker pen ink was analyzed by present
test standard where marking on a fabric swatch with a pen and extracting the swatch in water and derivatization
with Nash reagent followed by UV/Vis spectrophotometeric measurement (Nash-UV/Vis method), giving not
detected results or a false positive result in case of a colored water extract. However, the contents of formaldehyde
in ink of nine marker pens were determinded to range between 3.2 ~93.2 mg/kg with three results above the
safety criteria of 20 mg/kg by HPLC/DAD measurements on DNPH derivatives of formaldehyde (DNPH-HPLC/
DAD method) in ink dissolved directly in water using an ultrasonic bath. Therefore, the DNPH-HPLC/DAD
method with the extraction of ultrasonic dissolving ink in water is proposed as a proper method for analyzing
formaldehyde in ink. The proposed method has advantages of lower detection limit and accuracy with colored
extracts as well as a simple and fast extraction. The accuracy and precision of this method was estimated to
be 90.1 ~105.4 % and 0.6 ~ 3.3 %, respectively by spiking tests in the ranges of 20 mg/kg and 40 mg/kg using

matrixes such as highlighter pen ink, board marker ink, chalk marker pen ink and painter marker ink.
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Fig. 1. (a) History of regulations related to safe management of chemical substance and products in South Korea and (b)
Mapping of safe management of formaldehyde in the regulations.
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Table 1. Test methods for analyzing formaldehyde in marker pen ink

Test method Extraction

Derivatization Measurement

Dissolving ink in water
using an ultrasonicator

HPLC/DAD
(detection at
Amax © 360 nm)

Reaction with DNPH reagent

(1) Marking 5 lines of 10 cm with a pen on a white fabric

swatch washed and ironed at 80 °C

(2) Shaking a fabric swatch using a water bath (40 °C,

60 min)

UV/Vis
(detection at
Amax © 412 nm)

Reaction with Nash reagent
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Fig. 2. Calibration curves for Nash-UV/Vis and DNPH-
HPLC/DAD measurements of formaldehyde.

-8 5}o] DNPH-HPLC/DAD WO 2 F Ut slo| =2
et g2 5 F0l(32~84) mgkg Bl £
3%°1(145~299) mgkg B &P 1Fo
mgkgO 2 F gk HAT ofloAlEHY %ﬁ%“ﬂ(ﬂ
el ﬂﬂﬂ.ﬂ e HEF] ik g2 W FLdlet
o= 71391 20 mgkgES FLEH 9= F 30| oF
A7)ES 23eliTy. e, W] Sade) I

10 cm®] 2de 574 2719 & SHRFE
g & Nash-UV/Vis o2 Zdd|slo|=
W 9% 5 wHE 52 100~ 1000 mgk
5\ k/ﬂ ﬁJ,].7} 1,].9L1:]_ 741] o}:/ﬂ ﬁJ,].
UV/Vis ’\3—*]‘5340 e H) 3 94

_4 O
1
= o

(e B o
Uy

mlm

r1r

iy

111

N

A

L

¢

_\ﬂ

"

r"O

2

fqr -

O
=
o 12

2
Ole ofs
r%l E 3 m os mlm =
LT o
e [ s

A}8-E = phenol-formaldehyde, acetophenone-formal-
dehyde, cyclohexanone-formaldehyde 52] #|x o2 &
A Qo™ 1 formaldehyde releaser ¥ E] 2] WA o=
71Q1%e] &4 QU4

32. OidHE A3 A
UV/Vis AHEY

Fdsto] =7} Nash AleFa} wh-gsto] A
Nash-F Lol sto] = F=A= Fig. ()9 2] Hd
34 412 nmE Zte AHEHS HolH, EUYH 5}
= 557 1.5 myL 9 oF 0239 FF=E 2k
a2, Fig. 3(b)~3(HlA & 4 %ol Ao ¥
412 nmE ZH= UV/Vis 28 EgtE glon, o] -‘é
& %oll= DNPH-HPLC/DAD ®H S 2+ 299 mgkg
(Fig. 3(e)) -2 93.2 mg/kg (Fig. 3(H) ZLr|sto]l=

B9| Nash-Z2H|5t0|=9]

rlr
# SR

_4



120

Kwang Seo Park, Yong Shin Kim, and Eun Kyung Choe

Table 2. Comparison of present test standard and alternative test method proposed for analysing formaldehyde in marker pen ink

Related regulation

Samples

Concentration of formaldehyde measured (n=3)

(mg/kg)
Test method 1, Test method 2,
alternative method present standard
Mo Safety Test Matrix/ Color of i i i i
Regulation confirmation  Products Direct dissolving of ~Marking on a swatch
Amnex 11 part Color extract ink in water using  with a pen and water
an ultrasonicator/ extraction/
DNPH-HPLC/DAD Nash-UV/Vis
1 Highlighter Ink Water-based/ Yellow 145+ 0.2 not detected™
pen A Yellow
2 Highlighter Ink Water-based/ Yellow 32+ 0.8 not detected™®
pen B Yellow
Highlighter Water-based/ not detected®
+
3 pen C Ik eltow Yellow 4802 (2,389 = 249)°
. School things Board Ink Oil-based/ Pale grey 266+ 0.9 not detected®
Special act on (Marker pen) ~ marker A Black
the safety of Board Oil-based/
Ink Pal 84+ 0.6 t detected®
products for Safety criteria  marker B Black ale grey not detecte
children for HCHO : Board Oil-based/ a
20 me/kg marker C Ink Black Pale grey 73+ 1.0 not detected
7 Chalk Ink Oll-bgsed/ Colorless 53+0.2 not detected®
marker White
Paint Ink  Oil-based/  Colorless/
j: a
8 marker A Ink  White  Turbid 2915 not detected
Paint Oil-based/  Colorless/ a
9 marker B Ink White Turbid 932+ 129 not detected

“Absorbance peak having A, 0f412 nm was not observed.
PFalse positive results might be resulted from careless routine readings at 412 nm, for an example in No.3. High value shown in No.3 was

due to yellow color of water extract.

FHHFS e ABE XFE Utk FRF FE29
o] §-A1 AFE<Q ¥FF e UV/Vis 2 ERE Fig. 3(b)
9 Fig. 3(c)ollA #FET 4 QlSo] = EZo] F
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ATt Fig. 3(b)ollA R F3% 0.5 "L F57F
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Ae] vzt Eguste]=e] B2 Holx] ¢t

I
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E
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mg/kgl B ZAE AT Fig. 3(d) 2 Fig. 3(HolA e}
7ol Al w4 412 nme] A= FFHA FUA
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i
b o2
[ o
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ni7ke] 2H ER(Fig. 3(e)@ S4=7} H
FEo|th Y2 A F F& =T A &
9] 5% Hsly 105 ¥ 1552 7|8 A8
AIE Fig. 3(e) 2 Fig. 3(DNA & & A&
T HIE F713 o) thejHE oA 3
stol =7t HEH A %Th Nash-E & d3lo] =
TA9 HAE Zhe AT 2HEHLS TU 5]
EELA9 REEAS 02 mgl 2vfo]A3 &
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(a) Formaldehyde-Nash
calibration solution

(b) Highlighter pen ink B
(Extract : Yellow color)

(c) Highlighter pen ink C
(Extract : Yellow color)

412
03y 412|nm ol | ;nm 10 412;nm
’ "\ Nash reaction : )
3 3 T after dimedone reation @ 08 | Nash after dimedone
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§ g T g 064 | E Blank
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»n » \ 1/ - w 04 [y
2 2 05{ | /| o N !
< < Nt i \ < 0.2 \“\//’ \
|\ Waterextract N
, , , , ‘ 0 — 00 M ———
400 500 600 700 800 300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm) Wavelength (nm)
(d) Paint marker ink A (e) Board marker ink C (f) Paint marker ink B
(Extract : Turbid) (Extract : Pale grey) (Extract : Turbid)
05 412: nm 05 412; nm 05 | 412: nm
1 : 15 lines + : "
@ 047 ! o 04 i . o 04 ‘ H 15 lines
2 | | e 1 155"":‘:9(50'20 mglL) e ! 10 lines
® 03] | © 03 1 ' < 03 : 5 lines
£l e I =
@ 0.2{ |\ After Nash reaction o 02 ) » 02 !
o — T 2 {1 —Blank < H
< | < NG < .
041 1~ Waterextract 01 011 L
e — I\_g_,_:_ ——
0 . . . . . 0.0 R ; , , 0.0 — . - ,
300 400 500 600 700 800 300 400 500 600 700 800 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Fig. 3.

UV/Vis Spectra of various marker pen ink after Nash reaction with water extract of a fabric swatch marked with

each pen showing cases why the Nash-UV/Vis method is not proper for measuring formaldehyde in ink using the
condition of the test method 2 : Contrarily, formaldehyde concentrations were 1.5 mg/L for (a) and 3.2 mg/kg, 4.8 mg/
kg, 29.9 mg/kg, 7.3 mg/kg, and 93.2 mg/kg for (b), (c), (d), (e), and (f), respectively as measured by DNPH-LC/DAD.

(a) Highlighter pen ink
(Extract : Yellow color)

(b) Board marker ink
(Extract : Pale grey)

yellow

excess DNPH
0.09,xtract

HCHO-DNPH

N[
Ink C
(No. 3)

Ink B
(No.2)

Ink A
(No. 1)
5

Retention time (min)

excess DNPH
0.09
. “ HCHO-DNPH
| InkC
0.06 | ’ (No. 6)
2
re, Ink B
0.03/ I (No.5)

extract

Ink A
(No. 4)

Retention time (min)

(c) Chalk marker ink
(Extract : Colorless)

(d) Paint marker ink
(Extract: Colorless/Turbid)

excess DNPH
0.10 )

AU

0.05 |
|| HCHO-DNPH

Ink
~ (No.7)

Retention time (min)

excess DNPH | [ HCHO-DNPH
0.10 1 /
=) Ink B
< 0.05 (No.9)
HCHO-DNPH
\ 1 Ink A
0.00{——— T (No.g)
2 3 4 5

Retention time (min)

Fig. 4. HPLC/DAD chromatograms of various marker pen
ink dissolved in water using an ultrasonicator and
derivatized with DNPH : (a) Highlighter pen ink, (b)
Board marker ink, (c) Chalk marker ink, and (d)

Paint marker ink.
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Fig. 5. Diagram showing the ranges of marker pen ink weight on each fabric and their resulting absorbances measured by the
Nash-UV/Vis method (the test method 2 in Table 1) and theoretical relationship between them to detect formaldehyde

of (10 ~ 100) mg/kg in ink.
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Table 3. Accuracy and precision of the DNPH-HPLC/DAD method for analyzing formaldehyde in ink of various marker pens

by measuring recoveries from spiked samples

Amounts of 20.4 mg/kg 40.8 mg/kg
formaldehyde
spiked sion (9 RPN
Samples Accuracy (%) Prem(sl,]lggl)( %) Acc(tl/ze)wy Prec(lls;lzo;) (%)
used as matrix
Highlighter pen ink A 101.7 1.0 - -
Highlighter pen ink B - - 97.9 1.0
Highlighter pen ink C - - 94.7 1.5
Board marker ink A 95.5 0.6 - -
Board marker ink B - - 102.2 1.4
Board marker ink C - - 105.4 0.7
Chalk marker ink 90.1 1.2 - -
Paint marker ink A - - 98.3 1.1
Paint marker ink B - - 94.6 33
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AA7NE 20 mgkgS 2ATE & F AN
HEvpL BWE HolEnrle] A v

Ay fraste] 202 BEsEh,

2 AT 20199 BRI AldoR
=718 )eA13] o)y §FATAN (No. CAP-17-
01-KIST Europe)2] A< Rro} 3 = 5T
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