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Development of High Performance Liquid Chromatography
Technique for Determination of Contaminated Formaldehyde

in Mushrooms and Drug Capsules
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MIuenazMsdiu formaldehyde AmAA high performance liquid chromatography
Wanndu Tagi formaldehyde 0¢1ug1oyius  #2e 2,4-pentanedione 1Az ’IN15LBNAITUU monolithic
RP-18  column Ta8A3793aMiANeIAAY 412 nm  Hmsaneian1zilFlumsiiife formaldehyde
derivative Lﬁ@lﬁ”lﬁ’mm'laqqqa 94/1/52 N9V mobile phase HIHLAUAD methanol-111 (50-50 v/v) 1u
10 mM citric acid buffer ﬁ pH 6.5 ‘F‘i%ﬁﬁl@L‘]JHiJMiﬂWﬂ"‘UEN retention time, peak area 9% peak height GRVERT!
formaldehyde derivative 5#1 0.19, 0.54 1182 0.56% AL A1 detection limit (Rn¥fisns1dmdyanude
noise IMA 3) 11 0.08 ng/mL ﬁﬁﬁﬁwmsﬁummmﬁﬂﬂﬂizqnﬁi%’iumimﬂ?mm formaldehyde Tui¥ia

wazunilygaen

o o <
AN : 1A uﬂﬂﬂgam high performance liquid chromatography

Abstract

The high performance liquid chromatography technique for separation and determination of
formaldehyde derivatized with 2, 4-pentanedione has been developed by using a monolithic RP-18 column at
412 nm detection wavelength. The pre-column formation of formaldehyde derivative was investigated for the
highest sensitivity. The optimal mobile phase composition was methanol-water (50-50 v/v) in 10 mM citric acid

buffer at pH 6.5. The standard deviations of retention time, peak area and peak height for formaldehyde
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derivative were 0.19, 0.54 and 0.56%, respectively. The detection limit (determined by a signal to noise ratio of

3) was 0.08 ng/mL. The developed method was applied for formaldehyde determination in mushrooms and drug

capsules.

Keywords: mushroom, drug capsule, high performance liquid chromatography
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formalin 1¢ formic aldehyde Wudu T51wu3de
v 9

NeanuMsUuleuves formaldehyde lueinis

(1]

formalin

1 Y
aamsdulouuinnmsiie s lusylu

A

e lionnsaauazed lduiunining
dye/ = Awv A ' < =)
wenIINUIILIUITeA NN luiianond
formaldehyde ﬂuatjﬂizmm 400 pg/g [2]
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aasaal M lnanuiegaay 1iaties 91Reu
Y
999152329 uenanidelinaidoiilinmsiiau
@ @ A P 1 d’l
vo3a1 la ¥l nazaueudouas 4 laeasil
wuanse1nsliafsye meladada uazudu
wihen 11n31ameldsutess Wy formaldehyde
o < a
INTMIAYTTVUMTUOURY  TZUUNIUAY
a A ' = <
wiely  wazlianudssnomsiiulsanziia
3 1<
Tasmnizuzi5uiiadon1 formaldehyde N
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tailud1snonz1591ag International Agency for
Research on Cancer (IARC) [3]
9
wennniimstuilouves formaldehyde 1u
p1sudd fanunluvurumswaaualyasiain
gelatin 1N151AY formaldehyde  a4l1dqe 1ol
Tnsea$19ve4 gelatin 10@ crosslink [4,5] Hinald

Ay ya < v JE
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uadgasrvzgniii ldldussgens omsiasy
quan wSoeyu'lng umiliean191n formaldehyde
Lﬂumsﬁmf‘]m%’mjinmﬂ NIENINANFITUFVI
18 muali formaldehyde 1Huingimldmanlu
0113 dariumnaul$erlszansuiue ems
wsu nieayulnsfivssglunadgafudsed
ua:@imﬁmgﬂunmumﬂz@laﬁﬂﬁ’qmmwus}m
mmmﬂﬁgm‘fuﬁ formaldehyde ﬂuﬁﬂyauagj
‘ﬂ%ﬁgﬁluﬁm\li%} C18 bonded phase u
column1UM13ATIEH formaldehyde  AremATin
high performance liquid chromatography (HPLC)
Juded1aaae) wuludiednund [6] ianoy [2]
Lﬂé@ﬂﬁ’mN [7] polymer [8] blood plasma [9] textile
[10] aniin [11] wag sugar cane spirits [12]
uaﬂmﬂﬂyﬁmﬂﬁffmaﬁﬂ gas chromatography-mass
spectrometry (GC-MS) AT formaldehyde Tu
1981981 [13] imﬁgﬂ%’mﬂﬁﬂ flow injection
fluorimetric analysis lumsiasen formaldehyde
TufegunsoAuIaze1s [14] A1319 1 uda
malseuneumaiamsueniazMslsuuues
formaldehyde 10151992 U0 19
chromolithic C18 monolithic column [11] UNY
bonded phase C18 &inalH retention time Vo4
formaldehyde derivative L?’J‘ﬁlu mﬁ%’afrﬁﬁmmi
W unaiia HPLC 1ag 1% monolithic column RP-
18 115 UM5AT1ZH formaldehyde  TufI0E14
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INYUKTO limit of detection amad uagldarlu
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maan 1 1Wieudeumaianl¥dmsunSuna formaldehyde
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N13ANTICHUDY

. Method-Cotummn (loop) Detection Detection Retention | IDNT17
(derivatizing agent) limit (ng/mL) | time (min) | 81984
ifiavew (Shiitake | HPLC-C18 352 nm (DNPH)* 5 4 [2]
mushroom) 250 mm x 4.6 mm i.d.,
5 um (10 pL)
1 (spirits) HPLC-C18 365 nm (ethyl 3- 24 3 [5]
150 mm x 3.9 mm i.d., oxobutanoate)
4 um (20 puL)
1399d 919 HPLC-C8 345 nm (DNPH)* 200 11 [6]
(cosmetics) 250 mm x 4mm i.d.,
10 pm (10 pL)
polymer HPLC-C18 360 nm - 12 [7]
250 mm x 4.6 mm i.d.,
5 wm (100 pL)
blood plasma HPLC-C18 Fluorescence detector 460 8 [8]
250 mm x 4.6 mm i.d., (ampicillin)
5 um (10 pL)
textiles HPLC-C18 360 nm (DNPH)* 60 6 [9]
150 mm x 4.6 mm, 5 pm
1amiin (squid) |HPLC-CI8 355 nm (DNPH)* 8.92 8 [10]
200 mm x 4.6 mm, 5 pm (20 uL)
sugar cane spirit | HPLC-Chromolith C18 365 nm (DNPH)* 8 1 [11]
100 mm x 4.6mm (20 pL)
81 (pharmaceutical | GC-MS MS detector (ethanol) - 34 [12]
excipients)
m%"‘mﬁmmz Flow injection Fluorescence detector 0.04 - [13]
RRNRE) (cyclohexane-1,3-dione)
412 nm (2,4-pentanedione)
uﬂﬂ«gam HPLC-Chromolith C18 Fluorescence detector 0.08 1.3 ﬂu%ﬁﬂfj’

100 mm x 4.6mm (20 pL)

(cyclohexane-1,3-dione)

412 nm (2,4-pentanedione)

*DNPH = 2,4-dinitrophenylhydrazine
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d an
2. Qﬂﬂim!!ﬁglﬁﬂ"ﬁﬂﬂﬁ@ﬂ
A A
2.1 1N993UD
In504 HPLC  152n0UAI0  gradient
pump VB3 Waters (Milford, MA, USA) Model 600E
18 injector loop W Rheodyne (Cotani, CA, USA)
Model 7125 stainless steel injector (20 uL loop) Y
UV-VIS detector (Jasco, Tokyo, Japan) N1N15
75793ANANVEINAY 412 nm 19 Chromolith RP-
18 (100 mm x 4.6 mm L.D., Merck) i$lu analytical
column Lmz@iaag:ﬁ"u C18 (10 pm) guard column,
flow rate U939 mobile phase W12 mL/min tay
guMNNUes column  ADANTAT 30°C,  Sep-Pak
C18 910 Waters, 1A584 UV-VIS Spectrophotometer
Lamda 35 (Perkin Elmer, USA)
2.2 M5l
d Aqu @ o Ao <
UWT]GlGHLTJUUWT]W']uﬂWiﬂaULLa%
deionised (DI water) @15 wildun HPLC grade
methanol, 37% formaldehyde, ammonium acetate,
2,4-pentanedione, acetic acid and citric acid 31D
Merck (Darmstadt, Germany) Lﬁﬂ@hﬂﬂ (L‘ﬁ@l“ﬁ’ﬂu
Y <3 <3 < < <
UHUY Ao UEA MAYPNY LA UNDY Wiﬂ“lﬂﬂ“l?h
I I 3 < a a 4
LTWH/\I'N ITAUNTY Lﬂﬂﬂi']u N OZIGGREFAR) L“Hﬂiﬂu
ﬂjﬂu, white crab mushroom 8¢ brown beech
Fa
mushroom) ¥091AAAIATALALHIIATINAUA
F
dmsuuatgasdornindwaiee addnunnd
Y
UHUHIU L!a$I§QWfJ'I‘UWE1 ﬁﬂuﬂismﬁ"lmﬂuaz
Uszmamssusylszmayuiu
11T UNTATING

Mobile  phase

formaldehyde ~ derivative  Tuéaeg19untlyasn
U32NOUAIY 50% methanol 11 10 mM citric buffer

NpH6.5
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Mobile  phase  @1HITUMITATIVIA
formaldehyde derivative Tudaeeafinlszneudie
46% methanol 11 10 mM citric buffer ﬁ pH 6.5
2.3 38MInaaes
2.3.1 M3ATYN 2,4-pentanedione
"%N 15 g U®J ammonium acetate
1AW acetic acid WYY 0.3 mL 1AL 0.1637 g VO3
2,4-pentanedione Glméllilﬂl% 50 mL Wasazaly
sy pH  1Hwidu 6.5 nifl5nas T
volumetric flask 15/ 100 mL a@15aza1el 2.4-
pentanedione WU 16.7 mM
2.3.2 MIATOY standard formalde-hyde
derivative
Formaldehyde  derivative U84
standard AT UAEY 0T onTaeRoa 11.1
pg/mL U89 standard formaldehyde noUAY 4 mL
VOIT1T02 018 2,4-pentanedione HazuIe@ITazaly
lgulu water bath 7 40°C W11 30 wfi 113y
U5asishu 25 mL d2e151
2.3.3 MIANALAZNI3LNA formaldehyde
derivative 1U@20981
(1) Medruita Fauanmin 5 o
wazi1 200 mL Tdaslundoailu wdsiluauiia
aziBoa ensnavualy) ultrasonic 11 40 11
i]1mfuﬂimuﬂﬂaumﬂmmﬂiwﬂjaaﬂﬁ’qammﬂ
aziBoa daufimderin 1 centrifuge  @20A2110157
4000 rpm U1 10 WA LenasazatedIuld 5 mL
lalu beaker 1A% 4 mL  vodE@1ITazAY 2,4-
pentanedione ﬁmﬁazaw"lﬂfjﬂu water bath ‘ﬁ
40°C 11 30 11 nulslSanasi 25 mL
&re1ih nI0adITAZANBHIUEINTDILIA 0.45 pm

Aeudadsazaetined HPLC
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TumsmFunal formaldehyde 1u
f19619MAd2837 standard  addition ZIMTIAY
standard formaldehyde 231111 beaker ABULAY
@150¢018 2,4-pentanedione

() Medrunilyasn Gi?mﬂﬂ«gam
02 ¢ Wnh4o mL asluuadganiivsaglu
beaker AUATAZANUAY magnetic stirrer U1U 10
Wi sndunndyanideslianudeud 70°c
aug lldumsauasdedsauasdiodazae
Sumsuviuaseiiomeat femsiegieadly
volumetric ~ flask Y419 50 mL uazi1lfineta
nasdaei niu pipet ®1582a18 10 mL
la1u beaker uazAN 4 mL YOIAITATAY 2,4-

1]
~

pentanedione ﬂmﬁazmﬂhlﬂﬁjuclu water bath N
40°C W1 30 Wi wazdSudSuasesdedrauiiu
25 mL §aih

W11 methanol (3 mL) whlu cis
cartridge Ao 15 mL mmiuiumIdeda
(2.5 mL) 19 191 C18 cartridge wazaudaei 20
mL  formaldehyde 9290 eluted 80N310 C18
cartridge 41U direct flushed A28M17H1Y methanol
Gj’h“] 3 mL Lsﬁlﬁj: volumetric flask YU 5 mL uUag
1S adaUsinasdreni msazaredegianzgn
191 HPLC uag peak arca Y04 formaldehyde 92

@

AN 412 nm

a ¢
3. HanazN13INITUNAG
< T = = Y
INAITIN 1 ilzmuawwnﬁl,ﬂaﬂu%
formaldehyde agﬂug 1l formaldehyde derivative Tag
14 formaldehyde M §nsedua1suIednTU 2,4-
dinitrophenylhydrazine [2, 6, 9-11] NOUIZATIVIA

aronatin HPLC Taold bonded phase C18 Az
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. )
monolithic column C18 1Tlu analytical column ¥q
A ~ 2 Aq o a 7 3
WwonlSeumeunarldlumsinsizrizfiun
a 4
monolithic column C18 3¢141a1lums a1z
Vv 9
198N bonded phase CI8 AHUNTIVBHUI
189014 monolithic column C18 tazdpaMIWALN
- Yt o 3
maia HPLC 19in1u 1 (sensitivity) 1131 Tae
I 1
14 2,4-pentanedione 1Wu derivatizing agent WU
formaldehyde derivative V043719 19 absorbance
FIgANAINEIAAN 412 nm UAONANVIINAY
TuMsIATIZHAN 412 nm
3.1 M3ana formaldehyde UazZMINA
formaldehyde derivative 14@150129819
3.1.1 fedatianion
< A J
Formaldehyde (Hudiinazaienn
188 nawnnanaauisnshwiiljnsenlan
2,4-pentanedione MalAgavgi 40°C WU 30 WA
v 4
WU formaldehyde derivative MAAUUIEDETUIU 2
o Ao o = N v
#21u9 wenninideiimsane1ndidesnis In
A A g v D)
formaldehyde ®0NNIUBIBBIHAONNNA A1
atazgungiiila nisnaasaiuaInii
3 A0 g 2 g \ a 2
wiaveunudusuang 4 ¢ ldlu beaker 1At
v v
100 mL anvulianuseuiigungil 80, 90 uaz
100°C DU hot plate A283Z8LIIAT 30 U1 60 UIT
wag 90 W1 Nudazgungd Tagiluszuuila
Wssueunuseuuta Han1sNAADULAAIAT
< 1
A15149 2 AT miua lianudeu 100°C
v @ [l < a
Auategruvanenluszuia formaldehyde 9
gnMidaesnvuanialiu 30 u1n
3.1.2 Aveguniga
nasnazatouailgasinay
formaldehyde ﬁT]Jf]fQ] ALY 2,4-pentanedione 1a
9 o & 9 o w
ud2 3uduaesmia

formaldehyde  derivative



a 7 =
nsmInenmansuazmalulad

]
o v

i 20 a1iuii 3 nsngiau - Aueneu 2555

matrix ~ 99NINAIVIINDUITAAAITAL AN

A

A D o v o Y i @ ' 9
1n593 HPLC 3‘5mmm'1¢11@1ﬂwmmsmaamm

v
C18 cartridge Lt8¥a19 matrix 00NN C18 AW
derivative

18 formaldehyde gansanadiu C18

cartridge NU elute formaldehyde derivative 89
910 C18 cartridge Tae1% methanol 3 ml taz Syl

a Y :’
AsulsuaTaein

~ = a a d' A A g o v ¥ v =
M1319N 2 Lﬂﬁﬂﬂlﬂﬂﬂﬂﬁlﬂm formaldehyde “VW]5'Ji]‘W‘]_I11!L'L!E)LEJE]LWﬂ‘Viﬁ\1"lnﬂah’iﬂ'ﬂili@uﬂ]ﬂigﬂ&'f]aﬁ/l

1 g d’ 1 a ) a
annuuazNagagiluszvuatas luszunidla

JEUV | quui (°C) | szezna (W) | 15w FormaldehydeﬁwuiuléﬂtgﬂlﬁﬂﬂﬂuLlﬁﬂ (ng/mL)
1o 80 30 154
60 91
90 62
90 30 71
60 30
90 19
100 30 36
60 22
90 8
ila 80 30 136
60 73
90 45
90 30 37
60 20
90 12
100 30 A5 liny
60 A529 lainy
90 A529 lainy

3.2 Separation parameters lufaeena

a 4
MIAATIZH N formaldehyde Tugvoq

s A

5 imeld1dn1u' 1 (sensitivity)  gaga

= o A A '
ﬁf‘)\iﬂﬂHTﬂﬂﬁ]ﬂQW\i‘] ‘VI?JWE’IGIE‘)?]'J”I?J“'J
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e . . . Y
(sensitivity) U®N formaldehyde derivative Taun
ANWYUYUVDI 2,4-pentanedione 1Y pH VDI
| 24 )
formaldehyde derivative NUNIE TN FIAIWLVNUY

VD9 2.4-pentanedione  MHWILANTIMTULAT oY
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standard  UA¥AI0614 Aodesld 2,4-pentanedione
WUYU 167 mM 1U511@34 mL wazpH wea
formaldehyde complex ﬁmmxauﬁa 6.5
ANz auued mobile phase 1
anudiagy lunsuenyesans Faozannsosua
retention time ‘& ‘L!E]ﬂiﬂﬂfr pH U893 mobile phase A
linaae peak height L18¢ peak area U®N formalde-
hyde derivative Friusshmsfneaiiaued buffer
Taonf3ouifion peak height 7114970 acetate 1A%
citrate buffer 7 pH=pKa ¥9403A acetic LlALNIA
citric WU peak height U84 citrate buffer 10 peak
height ~ g4n71 MEIINTUAA BN NATD4 pH
11919 6.3, 6.5, 1A% 7.0 V0N citrate buffer WU pH
6.5 1% peak height q&ﬁqﬂ uden pH 171 6.5
ANTNAABINYIIE mobile  phase
152ne1ds methanol-11 (50-50 v/Av) T 10 mM
citrate buffer ﬁ pH 6.5 wwmmzanlumsnsivia
formaldehyde °lmm1J°1”fameaz retention time UBJ
formaldehyde  derivative a1 1.29 wn ualu
f1081317iA mobile phase Usznaudie methanol-111
(46-54 v/v) T4 10 mM citrate buffer #i pH 6.5 92
mnzaulumsnsIada formaldehyde luifiauaz
retention time U®N formaldehyde derivative im
1.47 wait iesninludredruianreriinegd
AYIUIUNIUDTIIN base line fina1 1.3 wdi 5

517 11flu

chromatogram U®4 standard formaldehyde deriva-

A methanol  AUHABLNEI 46%
tive N3 mobile phase 152n0UAY methanol-1i1
(50-50 v/v) 11 10 mM citrate buffer 1 pH 6.5 LAz

mobile phase 1/52n9UA methanol-11 (46-54 v/v)

14 10 mM citrate buffer 0 pH 6.5

217

2mAU HCHO derivative
50% methanol
46% methanol
0.0 0.5 1.0 15 2.0 2.5
Time (min)

gﬂﬁ 1 Chromatogram U®A standard formaldehyde
derivative (10 ppb) h mobile phase
Usnoudau methanol-111 (50-50 viv) T 10
mM citrate buffer ﬁ pH 6.5 1ag mobile
phase sznoudie methanol-li% (46-54 v/v)

14 10 mM citrate buffer 0 pH 6.5

3.3 Analytical performance characteristics
A1 detection limit  (AN¥ARSATIEIN
YR noise MY 3) AdouUuINAITgIN (%
RSD) ¥4 retention time, peak area 1181 peak height
U84 formaldehyde derivative cI?i“lg]}ﬁn'ﬂmobile phase
ﬁﬁ methanol-l‘i’W (50-50 v/v) 1u 10 mM citrate
buffer i pH 6.5 1182 mobile phase 132NoURIY
methanol-“l% (46-54 v/v) 11 10 mM citrate buffer ﬁ
pH 6.5 taaa 13lua1s1adi 3
Linearity 94 formaldehyde derivative
vzdAnmIeg U9 dNTU 2 ng/mL-1500 ng/mL
fanududuninni sxifanisanaznoy
#1350 mobile phase Msznouday methanol-11
(50-50 v/v) 114 10 mM citrate buffer #i pH 6.5 1%
linearity equation fo y=1673.2x+11152 (R’=0.9996)

1] v
118¢ mobile phase N1/52nNoUAIY methanol-1i1 (46-
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54 v/v) 1u 10 mM citrate buffer #1 pH 6.5 10

linearity equation fo y = 147952X + 1849.4 (R2 =

0.9998)

M1319N 3 Detection limit 1182 % RSD V04 retention time, peak area g peak height U839 formaldehyde

derivative
% RSD @151 intraday (n=10) % RSD @145 interday (n=10)
Detection
Mobile phase Retention Peak Peak Retention Peak Peak
limit (ng/mL)

time area height time area height

50% methanol 0.08 0.19 0.54 0.56 0.34 0.45 0.55
46% methanol 0.12 0.17 0.24 0.44 0.32 0.40 0.52

HCHO derivative

[ 10 mAU

— :

N °

,_& J b

a

0.0 0.5 1.0 15 2.0 25
Time (min)

gﬂﬁ 2 Chromatograms VY94 (a) blank (b) standard
10 ppb HCHO (c) iaveuea (UDS) uag
(d) IMAYBNLIY Mobile phase 1/5znoUAI8
46% MeOH 11 10 mM citric acid 71 pH 6.5

Injection loop 20 pL; detection: 412 nm

3.4 msmSuar  formaldehyde luans
Mo
o ' < 3 A o a
3.4.1 dednara  antianlSuna

= o  JA < Y
formaldehyde UHANYTINUTAD LHANDULUNN
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< < < < < <
Wiavonaa Ay aluned 1iau1ai 1ia
<} <} <} a a d =
Y3 iiauas N AU eI U tia Taugilu
white crab mushroom i8¢ brown beech mushroom
"o T <=
NMSIANYI % recovery WUIIAIDE1UHAN matrix
o & a @ [l
a3 uiludeany/suna formaldehyde  lu@dedna
2 Y ax . o ' 3 A
MANI8IT standard addition AIDIIUUANATIINY
= <] <
formaldehyde Ttz lumiavieuuiauazifiavo
aa Falauanaaduaaandliunig 4 11a1519
<3 1 a ~
IR UNUTUIY formaldehyde  Nias29awyTu
< Y = ' =} A
waneuuisnnnh luiaveuda (319 2)
3.4.2 uailga dredraungagniim
W1/51a formaldehyde  ldunv1nuaaainlain
elusuvreerinalyl uadlyasinfiayulnson
Fa
HrunnndunuIuiisludszmalnouazlszine
o a o A
as1susglszmyuIu sasiwalygasnussgn
ad § 4 o J
UgFnziunnduazindrnstieldauld  Tao
ualganidlrenussyegazimdlsieanruauazi
AMUAZ0IANOUTNININATOU WUNHAIIINALAY

untlyasaziiia matrix 000 IAINITHIUAIDEN

W1 C18  cartridge ¢ 13T matrix  ¥15UAIUAT
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FiA3129 3991115019 external calibration curve 17
1115 u1a formaldehyde 14 91N3ARYY %
recovery Tag spike formaldehyde avludiods

uagaor (0=3) W18 % recovery ogluzag

97.3% 4 100.05% 15110 formaldehyde 10329
wuluundgasinaaalunisia 5 Fanw
formaldehyde Tusnodraunlgasuiniiosaianu

(U0 3 uaz 4)

1 a A <
3190 4 YT formaldehyde Nasrany Tuivia

17ia /517 formaldehyde Fwuludlodoria (ng/mL)
Haneuig
f10819 1 (STM) 58
f19819 2 (MTM) 9.8
{19819 3 (LTM) 37
#20819 4 (LIM) 425
Hiaveuea
{19819 1 (MC) 0.4
{20813 2 (V) 13
{19813 3 (D) 1
#198149 4 (UDS) 22
@190819 5 (TT) 4
{29819 6 (HD) 2.6
wiavha 2379 liny
Hanyd 329 laiwy
ARy 7529 Iy
Wiauaih a5 luny
MAUITY 7529 Iy
WAy 2379 liny
Waumea a379 liny
0T IU a329 lajwy
IGCE L] 7529 Iy
iwalaudu a329 linw
white crab mushroom 73579 luny
brown beech mushroom @379 Juny

219
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M319h1 5 USu1a formaldehyde  Nasromylu

189910 formaldehyde %11l jj] 58101 2,4-pentane-

unlya dione '1Af1 retention time  ToN31 1.5 Wiilnazd
anulgalumsasaviaiio1d monolithic €18
- Formaldehyde (ng/mL) & SD - A
duatgaen column Tumsuenas Tag'lull peak dusunInulu
(n=3) - P R A .
— M5ATIEH mAdaNwaduiauisaii il
11331 (SR) 60918.50 oy o
Uszgnaleinl3ua formaldehyde ludingraiia
V1-TUY 29014.00 - 2
. ¥UAA199 wazunlyas) FIN1TNAADINY
Maes-ih 78247.02 2 2. .
. formaldehyde Uwitouncludresrutniaviouas
Maog 30514.51 4.
e ualgasnimaae
Ta'lifid (N 3514351
Tla'liiid (sL 1029+8.50 .
(SL) HCHO derivative
@e-h 6383%7.00
5 mAU
HCHO derivative
2 mAU d
c
b
b
o
a
a T T T T 1
1 2 3 4
\ : : : Time (min)
0 1 2 3

Time (min)

g‘ﬂﬁ 3 Chromatograms U®% (a) blank 1ag (b)
standard 10 ppb HCHO Mobile phase
3n0UAY 50% MeOH, 10 mM citric acid
pH 6.5 Injection loop 20 pL; detection: 412

nm

4. agdwamIinaaey
nalFlumsmilSuna formaldehyde 1
AenALA HPLC

:I,‘IJ formaldehyde derivative
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gﬂﬁ 4 Chromatograms Y94 (a) 10 ppb HCHO
derivative (b) talgadimaos-i (c)
unaad@ilen-ih vaz (d) undgala'ludia
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