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Comparison of Formaldehyde Contents
in Utensils, Container and Packing Materials

According to Analysis Methods

Tae—-Hee Kang

Department of Food Industrial Engineering,

Graduate School of Industry, Pukyong National University

Abstract

Formaldehyde, classified as a carcinogenic, is primarily known
for uses in industrial and medical fields. However, utensils,
container and packing materials with daily use such as cups and
bowls are also exposed to-formaldehyde.

Depending on the purpose, there are many analysis methods. In
case of Korean Food Standards Codex, extraction test is notified
as formaldehyde analysis method on utensils, container and
packing materials.

In this research, it selected the samples of paper,
melamine-formaldehyde resin, silicon rubber, urea-formaldehyde
resin and starch for the UV-VIS spectrophotometer method
which is formaldehyde analysis method using acetylacetone and
HPLC method which measures by derivatizing the 24-DNPH to
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find out which of these methods gives more accurate result by
comparing and monitoring the test process.
The limit of detection and quantitation of UV-VIS

spectrophotometer used in research were 0.035 mg/L and 0.117
mg/L., respectively, and the coefficient of determination (R of
calibration curve was 0.99970. The limit of detection and
quantitation of HPLC-PAD were 0.0018 mg/L and 0.00599 mg/L,
respectively. The coefficient of determination (R*) of calibration
curve showed 0.999334 meaning that the hmit of detection and
quantitation, measurement reproducibility @ and  correlation
coefficient of the analysis instrument were very superior.

After comparing UV-VIS spectrophotometer method and HPLC
method, more accurate result can be obtained by HPLC method.
In addition, HPLC method could detect a very small amount of
formaldehyde that UV-VIS spectrophotometer method could not
detect.

Based on the research result, it believes that these two
methods are proper ways to analyzing formaldehyde on imported
or domestic utensils, container and packing materials.

Only if the safety regulations are consolidated accurate result

can be expected by HPLC method measuring formaldehyde.
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Table 1. Separation of materials from samples

Materials

Samples

Paper

Coffee filter paper 5 type
Baking paper 5 type

Paper foil 5 type
Disposable cup 5 type

Box 5 type

Inner packing paper 5 type

Malimine-Formaldehyde resin

Kids melamine bowl
Children Spoon and fork
Heart spoon

Mixing bowl

Dot pattern-tray
Rectangle tray

Flower pattern tray set
Leaf pattern-tray set
Fruit pattern tray

Baby spoon

Silicon rubber

Heart mold

Silicon muffin mold
Handy rice paddle
Silicon muffin cup
Pan ladle

Silicon paddle
Silicon mold

Bag clip

Ricepot O-ring

Ice cube tray

Urea—Formaldehyde resin

Maple pattern tray
Color ellipse tray
Square tray

Kids tray

Brown tray

Starch

Children mini cup
Children spoon and fork
Rice paddle

Disposable bowl

Chopsticks
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Melamine, Urea, Silicon

Extractionin 60 °C Extractionin 60 °C
deionized water 4% glacial acetic acid

30 min in 60 °C dry oven

Paper, Starch

Extractionin 25 °€ Extraction in 25 °C
deionized water 4% glacial acetic acid

10 min in 25 °C dry aven

Coffee paper

Extractionin 90 °C Extraction in 90 °C
deionized water 4% glacial acetic acid

5min in 95 °C dry aven

Fig. 1. Extraction of samples for formaldehyde analysis.
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Sample 5 mL

Acetylacetone 5 mL

10 min, Heatin

g in water bath

Cooling in'roo

m temperature

UV/Vis,

425 nm

Fig. 2. Pretreatment for formaldehyde analysis by UV-VIS

spectrophotometer.




Sample 25 mL

Citric acid buffer solution 4 mL
2,4-DNPH solution 2 mL

Shaking, 40 °C, 1 hr

Deionized water 50 mL mass up

HPLC-PAD, 354 nm

Fig. 3. Pretreatment for formaldehyde analysis by HPLC-PAD.
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Table 2. Analytical conditions of HPLC-PAD for formaldehyde

analysis
HPLC-PAD
Detector Photodiode Array. Detector
Column Cig(46 mm ID. x 250 mm, 5 pm)
Column 'oven temperature 400 C
Mobile phase 55 % Acetonitrile
Flow rate 1.0 mL/min
Wavelength 354 nm
Injection volumn 20-—11kg
Run time 12 -min
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A3 2 uF
1. &4 717154

1.1 UV-VIS SPECTROPHOTOMETER

HZ3HA(limit of detection)®] 7% Signal/Noise ratio tH] 31}
E, AH3A(limit of quantitation)= S/N ratio tH] 10v] =2 3}
SAAT. 1 A, E A AMEE E3FEAY HESA R
A A= 242 0.035 mg/Let 0.117 mg/LAth. 2471719 A4
qE =A3s7]) 9ste] 0150 me/Le] EFLAS A xste] 33 w
kel SAsY. a2 A, A7 ZFRY sR(mg/L)e
0.15889, 0.15863 % 0.15803- o2 Hirz+= 0.15852 Sow, x+H
2= 0.000440] 3L, HHiEF=AAS] 45 0278 %U= & F AU
F=89 05 mg/L, 1.0 mg/L, 1.5 mg/L, 20 mg/L, 3.0 mg/L %
0 mg/L & o]l&sto] HEFES4da A 23E Fig. 49 Table 4
of detdi e, A4 AFRY)7F 0999705 e

W~

Table 3. Result of repeatability test by UV=VIS spectrophotometer

(Unit : mg/L)

at 425mm

Compound Avg.l) sp? RSD?
n=1 n=2 n=3

Formaldehyde 0.15889 0.15863 0.15803 0.15852 0.00044  0.278

b Avg. means Average.
2 SD means standard deviation.

¥ RSD means relative standard deviation.
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0.6 q

Abs.

.I} [} T T
o 1 2 3 4

Y=0.1308x + 0.0061

Correlation Coefficient =0.99970 Congl¥hig)

Fig. 4. Calibration curve of formaldehyde by UV-VIS
spectrophotometer.

Table 4. Linearity “test results by UV=VIS spectrophotometer

(Unit : absorbance)

Grade Concentration (mg/L) Intensity
0 0.00 0.0048
1 0.50 0.0683
2 1.00 0.1366
3 1.50 0.2049
4 2.00 0.2732
5 3.00 0.3995
6 4.00 0.5257
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1.2 HPLC-PAD
2 Agd A8¥ HPLC-PADe HE$A 9 AZeA= 742
0.0061 mg/L 0.0184 mg/Lth. 0.020 mg/Lo] FF=& NS Az}
ol 717191 AdAE FAH ] flste] 33 nbEsle] At 1
Az} 747ke] FEg A0 FE(mg/L)E 0.02002, 0.02002 2 0.02004
ZF= 0.000010] 32, AoiFFH
A= 0104 %9 & = dAh #2805 me/L, 1.0 mg/L, 1.5
mg/L, 2.0 mg/L, 3.0 mg/L, 40 mg/L &HS o] &ate] AT S
3 A3E Figo 58 Table 6] Uetl e AAA5=(R)7}
0.999334% L}ERRETE.

=}
=,

o,

Table 5. Result of repeatability test by HPLC-PAD

(Unit : mg/L)
at 354 nm
Compound Avg.l) SD? RSD”
n=1 n=2 n=3
formaldehyde 0.02002 0.02002 0.02004 0.02003  0.00001 0.104

)
Avg. means Average.

2 SD means standard deviation.

¥ RSD means relative standard deviation.
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800000 -

700000 -

600000 -

500000 -

Area

400000 -

300000 -

200000 -

100000 -

0 T T
0 2:5 1 13 2 2.5 3 3.5 4 4.5

Y=174180x - 2405.3 Amount (mg/L)
Correlation Coefficient =0.999334

Fig. 5. Calibration curve of formaldehyde by HPLC-PAD.

Table 6. Linearity-test results by. HPLC-PAD

Grade Concentration (mg/L) Retention time(min) Peak area
0 0.00 5.785 0.000
1 0.50 5.785 75592
2 1.00 5.786 177307
3 1.50 5.785 2534772
4 2.00 5.786 354614
5 3.00 5.789 521903
6 4.00 5.804 690434
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Fig. 6. Chromatogram of formaldehyde standard by HPLC-PAD.

353.1—=233.1 Formaldehyde
rﬂ?{:h PEngle 3 643 Farnfaldehyde
\
."lll .\\\
222.7222.7 / \
N, ]
o \x__“_ ' / \\
s / N
¥ \\
'|'. f’f \\
b J/f \\\‘\\R‘H
] ] ] ] ] 1 [] [] | ] 1 [] [] 1 1 [] [] | ] 1 [] ] | ] ] ] ]
250.00 300.00 350.00 400.00 450.00
nim

Fig. 7. Match plot of formaldehyde standard by HPLC-PAD.
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Table 7. Extraction efficiency of formaldehyde by extraction

solvents

LOQ

Extraction

(mg/L)

Recovery Mean + SD(%)

Fortification(mg/L)

solvent

0.1170

100.34 + 1.03" V

0.1500

Deionized

water

0.0059

99.99 + 0.72%

0.0100

4% Acetic acid

solution

Mean with different letters within same columns are significantly different

)

as the results of Duncan test(p<0.05).

1
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7] wZoll obMEolAlE Ay} 24-DNPH 4] o

ted 0.150 mg/Le] =
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e
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Fig. 8 Yehlideh. =

el
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iy

1} felgol gl= Ao vehde

—r=UV/Vis =8—HPLC
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0.12
0.09
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Fig. 8. Stability assessment of formaldehyde by time after

derivatization.
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3. 717 9 87284 %
3.1. FolA

oAl 6/l TFOR o] 7 IFWE 5 7hH o AEL A
Wate] Ada .
311 719 oA
Av olzpAE BAG A (Table 8), HFFEA B2 o)A =
zgdys =t A HA kT, HPLC RA AL 3 74 e] 7
Joll A 0.042 mg/L °lA41-0.046 mg/Le X&dds=7 3
=5 Q. Fig. 9¥ HPLC ®#AWHoA doRl~AZufE T o],

o
el
ul(l
{7
=
ol
[
Az
1%
iIn)
i

X
o
jih)

2
<
N

Fig. 102 XFddlsl= #Fw3 A& So34d2 Alag Ao

Table 8. Result of formaldehyde content in coffee filter papers

(Unit : mg/L)

UV-VIS.spectrophotometer HPLC-PAD
NO.
13] 23] 33 wWAvg" [lsD? 13 23| 33 Avg” sD?
1 0.000 0.000 0.000  0.000™  0.000 0.000 0.000 0.000  0.000"  0.000

2 0.000 0.000 0.000  0.000™  0.000 0.000 0.000 0.000  0.000®  0.000

3 0.000 0.000 0.000  0.000°  0.000 0.042 0.043 0042  0.042*  0.001

4 0.000 0.000 0.000  0.000°  0.000 0.044 0.044 0.043  0.044*  0.001

5 0.000 0.000 0.000  0.000°  0.000 0.046 0.045 0.046  0.046"  0.001

Y Avg. means Average.
? SD means standard deviation.

9 Mean with different letters within same columns are significantly different as the results of Duncan
test(p<0.05).
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Fig. 9. Chromatogram of coffee filter paper by HPLC-PAD.
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Table 9. Result of formaldehyde content in baking papers

(Unit : mg/L)

UV-VIS spectrophotometer HPLC-PAD
NO.
13] 23] 33" —Avg! SD? 13] 23] 33 Avg' sD?

1 0.000 0.000 0.000 0.000" “0:000 0.052 0.052 0.052 0.052*  0.000

2 0.000 0.000 0.000 0.000"  0.000  0.056 0.056 0.056 0.056"  0.000

3 0.000 0.000 0.000 0.000° 0000 0.051 0.051 0.051 0.051*  0.000

4 0.098 0.096 0.097 0.097"  0.001  0.051 0.052 0.050 0.051"  0.001

5 0.000 0.000 0.000 0.000°  0.000  0.047 0.047 0.048 0.047*  0.001

v Avg. means Average.
? SD means standard deviation.

3 Mean with different letters within same columns are significantly different as the results of Duncan
test(p<0.05).
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Table 10. Result of formaldehyde content in disposable cups

(Unit : mg/L)

UV-VIS spectrophotometer HPLC-PAD
NO.
13 23] 33 Avg)  sSD? 13] 23 33 /' Avg! sD?

1 0.000 0:000 0:000~_ 0.000" 0,000 0.051 0.030 0.052  0.051"  0.001
2 0.000 0.000 0:000 “.0:000°  0.000 0.049 0.051 0.049  0.050"  0.001
3 0.000 0.000 0.000  0.000°  0.000 0.048 0.047 0.047  0.047*  0.001
4 0.000 0.000 0.000  0.000"  0.000 0.048 0.049 0049  0.049*  0.001

5 0.000 0.000 0.000  0.000"  0.000 0.047 0.049 0.047  0.048*  0.001

v Avg. means Average.
? SD means standard deviation.

¥ Mean with different letters within same columns are significantly different as the results of Duncan
test(p<0.05).
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Fig. 13. Chromatogram of disposable cup by HPLC-PAD.
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Table 11. Result of formaldehyde content in paper foils

(Unit : mg/L)

UV-VIS spectrophotometer HPLC-PAD
NO.
13 23] 33 Avg)  sSD? 13] 23 33 /' Avg! sD?

1 0.000 0:000 0:000~_0.000® 0,000 0.000 0.000 0.000  0.000™  0.000
2 0.000 0.000 0:000 “.0:000°  0.000 0.044 0.045 0.046  0.045"  0.001
3 0.000 0.000 0.000  0.000°  0.000 0.044 0.046 0045  0.045"  0.001
4 0.000 0.000 0.000  0.000"  0.000 0.043 0.043 0.043  0.043*  0.000

5 0.000 0.000 0.000  0.000®  0.000 0.000 0.000 0.000  0.000™  0.000

v Avg. means Average.
? SD means standard deviation.

¥ Mean with different letters within same columns are significantly different as the results of Duncan
test(p<0.05).
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Table 12. Result of formaldehyde content in boxes

(Unit : mg/L)

UV-VIS HPLC-PAD
NO.

13 23 33 Avg.) = sD? 13) 273 33] Avg! sD?
1 0409 0409 0409  0409° 0000 0076 0078 0072 0075  0.003

2 0.000 0.000 0.000  0.000°  0.000 0.045 0.046 0.045  0.045"  0.001

3 0.005 0.007 0005  0.006”  0.001 0.073 0.073 0074  0.073*  0.001

4 0.000 0.000 0.000  0.000°  0.000 0.050 0.049 0.049  0.049*  0.001

5 0.032 0.034 0032 0033”0001 0.066 0.067 0.066  0.066"  0.001

Y Avg. means Average.
? SD means standard deviation.

9 Mean with different letters within same columns are significantly different as the results of Duncan
test(p<0.05).
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Table 13. Result of formaldehyde content in inner packing papers

(Unit : mg/L)

UV-VIS HPLC-PAD
NO.
13| 23] 33] Avgl sD? 13| 23] 33] Avgl sD?
1 0.000% 0.000 - 0000 0.000°> 0000 0053 0055 0053 0054° 0001
2 0.000  0:000 < 0:000- 0000° 0000 0076 0077 0076 0076  0.001
3 0.000 0000 0000 ©.0000° 0000 0071 _0070 0071 0071*°  0.001
4 0.000 0000 0000 0000° 0000 0046 0047 0046  0.046"  0.001
5 0.000 0000 0000 0000° 0000 0096 0097 0096 0096 0001

)
! Avg. means Average.

? SD means standard deviation.

9 Mean with different letters within same columns are significantly different as the results of Duncan

test(p<0.05).
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Fig. 19. Chromatogram of inner packing paper by- HPLC-PAD.
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Table 14. Result of formaldehyde content in malimine

—formaldehyde resins

(Unit : mg/L)

UV-VIS HPLC-PAD
NO.
13] 23] 33 Avg! sD? 13] 23] 33) Avg? sSD?
1 0.000 0000 0000 0000° 0000 0059 0060 0059 0059°  0.001
2 0264 0267 0265 0265 0002 0089 0090~ 008  0.089" 0.0l
3 0061 0059 0059  0060° 0.00L 0079 0078 0078 0078  0.001
4 0.000 ~ 0000 0000 0000° 0000 0076 0076 ' 0076 | 0.076*  0.000
5 0504 0505 0504 0504 0001 0618 0621 0619 | 0619°  0.002
6 1.005% 1.005 * 1.007 ~:L006* 0001 0408 0407 0408  0.408°  0.001
7 1147 1144 1144 1145 0002 0258 0257 0257 0257° 0.0l
8 1554 1557 1554 1555°  0.002 0371 0372 0373  0372°  0.001
9 0041 0043 0042 0042 0001 0134 0133 0134 0134*  0.001
10 0054 0056 0054 005" 0001 0159 0160 0159  0.159°  0.001

v Avg. means Average.
? SD means standard deviation.

¥ Mean with different letters within same columns are significantly different as the results of Duncan
test(p<0.05).
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Table 15. Result of formaldehyde content in silicon rubbers

(Unit : mg/L)
UV-VIS HPLC-PAD
NO.

13] 23] 33 Avg? sSD? 13] 23] 33 Avg SD?

1 0012 0011 0011  0011° 0001 0103 0104 0103  0.103*  0.001
2 0022 0022 0024 0023 0001 0102 0104 0102 0103  0.001
3 0029 0027 0027 0028° 0001 0064 0066 0064 0.065  0.001
4 0117 =~ 0113 0113 0114 0002 071 0173 ° 0171 | 0.172*  0.001
5 0.000 0.000 0000  0000° 0000 0065 0063 0063 [0.064* 0.001
6 0.000%  0.000 - 0.000 -0000° 0000 0061 0061 0063,/ 0062" 0.001
7 0.000  0.000 0000 _0.000° 0000 0067 0068+ 0067 0.067°  0.001
8 0.000  0.000 0000  0.000>—0.000—0072 0072 0072 0072  0.000
9 0358 0361 0358 0359 0002 0062 0063 0062 0.062°  0.001
10 0.000  0.000 0000 0.000° 0000 0063 0061 0061  0.062"  0.001

1
) Avg. means Average.

? SD means standard deviation.

9 Mean with different letters within same columns are significantly different as the results of Duncan

test(p<0.05).
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Fig. 23. Chromatogram of silicon rubber by HPLC-PAD.
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Table 16. Result of formaldehyde content in urea-fromaldehyde

resins
(Unit : mg/L)
Uv-VIS HPLC-PAD
NO.
13] 23] 33] Avg! " sD? 13 23] 33] Avg) sD?
1 0134 0133 0135 0134° 0001 0232 0234 0232 0233 0001

2 0.125 0.127 0124 0125  0.002 0.271 0.271 0272 0271  0.001
3 0.197 0.195 0199 0197  0.002 0.288 0.287 0.287  0.287"  0.001
4 0.112 0.113 0114 0113  0.001 0.273 0.275 0274 0274 0.001

5 1.553 1.555 1554  1554"  0.001 0.179 0.181 0179 0180  0.001

v Avg. means Average.
? SD means standard deviation.

¥ Mean with different letters within same columns are significantly different as the results of Duncan
test(p<0.05).
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Table 17. Result of formaldehyde content in starches

(Unit : mg/L)

UV-VIS HPLC-PAD
NO.
13 23] 33 Avg! sD? 13] 23] 33 Avg.) sD?

1 0.000 0.000 0.000 7. 0:000°  0.000 0.059 0:061 0.060  0.060"  0.001

2 0.000 0.000 0.000  0.000°  0.000 0.098 0.099 0.098  0.098"  0.001

3 0.115 0.117 0114 0115  0.002 0.057 0.058 0058 0058  0.001

4 0.000 0.000 0.000  0.000"  0.000 0.053 0.055 0.053  0.054*  0.001

5 0.000 0.000 0.000  0.000"  0.000 0.051 0.053 0.051  0.052*  0.001

v Avg. means Average.
? SD means standard deviation.

3 Mean with different letters within same columns are significantly different as the results of Duncan
test(p<0.05).
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Fig. 27. Chromatogram of starch by HPLC-PAD.
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Fig. 29. Result of formaldehyde content in paper by UV-VIS

and HPLC-PAD.
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Fig. 30. Result of formaldehyde content in melamin, silicon

rubber, urea and starch by UV-VIS and HPLC-PAD.
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