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Environmental Analysis Using Liquid Chromatograph/tandem Mass Spectrometer
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Abstract

A method of analyzing formaldehyde was developed using stable isotope labeled reagent. The

reaction products derivatized using 2,4-dinitrophenylhydrazine could easily generate deprotonated

molecules in electrospray ionization of liquid chromatograph/tandem mass spectrometer running in

negative ion mode. The fragmentation pathway of unlabeled and labeled derivatives in collision induced

dissociation was examined and optimal selection of selective reaction monitoring was determined. The

derivatives generated were extracted by solid phase extraction. The validation of the analytical method

was conducted with river water samples. The limit of detection estimated by analyses of samples fortified

with formaldehyde was 2.1 pg L”'. Formaldehyde was detected in 17 out of 20 samples, with concentrations

of 7.2 to 20 pgL™". No samples exceeded the guideline value.
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Figure 2 Mass spectrum of PFBOA-formaldehyde
in the electron ionization.

IRLTZIDNCZINGDAF % SRM IZHR T LIZBE D K
EEELIZGA, THESNTZT7I7T AT —ard
Bt —H L TRV Ob b7 KM
FHEFE=Ia R OISR IL THDHIELE XD
Tz, BEREREARICRAL T ko R o R o7 m
HINAZ L DEEERL THDET I, W nudo
SRM % FN =450 Tt % OB 1 T IR R A B 1 b
LT 11 TRISLARWI LIRS, T D=0 EEICH
W5 SRM D70 7 A F AT A A DNV R
LCUWVR m/z 46, 16 DAZ L ZRAWHLIEELT, &
BIZIETaF I A4 m/z 46 405 SRM & W
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Figure 3 Product ion spectra of native (top) and labeled (bottom) DNPH-formaldehyde in the electrospray ionization.
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Suggested formation pathway of the fragment ion with an m/z of 151.
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Scheme 2 Suggested formation pathway of the fragment ion with an m/z of 179.
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Figure 4 SRM chromatograms of labeled DNPH—formaldehyde
of putative product ion and ions with adjacent m/Z
values.

7587



% TE AN AREE A A I oA L BT VT e R ST i O MRS

Table 1 The working parameters for mass spectrometer.

Capillary voltage / kV 3 Column Acquity UPLC BEH Sheild RP18 1.7
am, 2.1 X 100 mm
Source temperature / °C 150 Mobile phase A: 5 mM CH,COOH H,O
B: 5 mM CH;COOH MeOH
Desolvation gas temperature / °C 400 Flow rate / mL min' 0.35
Desolvation gas flow / L h’’ 800 Gradient A(60%) 0 min - (60%) 1 min ~» (0%) 7 min -
(0%) 8 min ~ (60%) 8.1 min - (60%) 10 min
SRM Cone voltage / V Collision energy / eV
209.0-46.0 18 10
209.0-76.0 18 14
212.0-46.0 18 10
212.0-76.0 18 14
Table 2 Peak intensity with different methods to add Table 3 Concentration of unfortified and fortified
formaldehyde. river samples.
Peak intensity Concentration / pg L
Syringe  Immersed  Volumetric Unfortified Fortified
v.olume‘gric pipette Blank 1.3
pipette
Room temperature 2736 3047 2912 1 12.0 45
2320 2764 2706 2 11.6 44
2741 2793 2770 3 10.6 45
Ice bath 2510 2591 2628 4 11.1 45
2976 2504 2737 5 9.1 46
2754 2701 2575 6 7.5 46
“The tip of the pipette was immersed in the liquid. 7 10.5 45
Average 10.3 45
o, WO RO RS 1oy 2 o0 W 15 L5
HChotm, @ =001, HHE 6 12555 Student 0 _ecovery () 116
i 3.143 LIRINRE O EBEOEER E ORI DK “RSD, relative standard deviation.

DI FRRE 2.1 pg L Thotz, VLT LT
R EE DR MR K Z VY KA ESINGR B ClEliR

Table 4 Concentration of formaldehyde in the

RREATOZENFIRE THIUE, L0 TIRAEST aquatic environment.
EDEEZLNTN, SENLZOEZHB L TREL, Station # Formaldehyde Station # Formaldehyde
ER TR T OMEERD03, AE0O7 T 7Ei% ki /ug L /pg L’
BT EICBODTROLN TS 1 ug L 282 T 1 6.1 11 11
DDA 2112 L CrRVWL D Th -T2, 5% T 2 11 12 13
Z2 7 ORI ORR TS & O TR IEMEZ2 o TiEE LT 3 14 13 17
SERHDHEE 2 BT, 4 20 14 8.4
5 12 15 6.7)

5) AR DARILLTILTE FiBE 6 14 16 79

Table 4 [ZEREUL 7231 R OOV AT VT R R % ; 0 17 -
RUTZ, TR LT 20 HA O, 17 #i5 TA RO E & '
T 0. BT 7.2-20 ug L ORI Gl T, 8 20 18 (7.1
TR O 3% ML I 35U THE BB 1838 L 7= M A I 1 19 )-8
X7eh ot ERIAIRO A CHETEb D725 10 10 20 13
fHA A o7z, PRTR il IZI1T5 2010 445 “braket, below the limit of quantitation.

7597



AL -

R CILOEER S, HAE DA T AL ER I 2 AR 5
URREYEHL QWO FEEEDFEL TV,

BIVLT VTR DAL WSS TEY T
KILFZ BN THH LR EIRESNDLEBE ZHILD, L
MUZRINSHRN LT AT ERICBEL s o e IC X
5% 503 PR BT LT KBRFF FC 96:4 &K
ZAELLNTERY, FHELZHM AR TE SO
PEHIEMN S DB Z T TOD A REMEL 5, AL A
TTERITA IR AR ACE JE T A ST M E
DRIGTHY, S hEKEEEH DRV LT VTR
DAL QUK ZENRELE 2 bz,
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R CIERE AR B D S bh L A AR AR B o [T
LR AFRBIBE DN o T, AR U T35 8 A A [ FE 4k
IZEOHIHH L LC/MS/MS (&> T4 5 7 12 MeSL
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Lz 5 EE O TR)I R ORIV LT VT R E A1
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