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In this study, the Korean standard method for unregulated drinking water containments was compared with
internationally accredited standard methods. As a result of comparing various derivatization conditions, it was
found that the derivatization time could be shortened from 2 hours to 30 minutes and that the reaction tem-
perature could be decreased from 35+2°C to the room temperature. Formaldehyde (FA) derivatives (FA-PFBHA,
FA-DNPH) were determined by GC/ECD, GC-MS and UV/VIS. The PFBHA-UV/VIS method was suggested
as a substitute of the DNPH-UV/VIS approach. Blank samples were controlled more easily by the application
of the PFBHA-UV/VIS method than of the DNPH-UV/VIS. In order to compare FA-DNPH and FA-PFBHA
derivatization methods using HPLC/UYV, bottled water was employed to assess the applicability to real samples.
The assessment found that the correlation coefficients of the two methods were above 0.9. The use of spec-
trophotometer was considered another approach to determining FA in aqueous solution. Yellow FA compounds
were determined while ammonium salt was contained in the same solution. An automated spectrophotometric
analyzer was also tested. The result showed that this approach was highly applicable.
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Fig. 1. Derivatization reaction of FA with PFBHA and DNPH.
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[ Authorized Standard Method ] [ New Method ]
[ SPE ] [ LLE ] [ Distillation ] [ LLE ] [ Direct injection ]
| Sample | | Sample | | Sample | | Sample | | Sample |

| | | |
I DNPH | | PFBHA | | Distillation | | PFBHA |

| | | |
| SPE | | LLE | | Acetyl acetone | | LLE |

| | | |
| HPLC/UV | | GC/ECD, GC-MS | | UV, 415 nm | | HPLC/UV | | Auto analyzer

Fig. 2. Sample preparation procedure.

traction; LLE) AW Al8¥ PFBHA:=
Sigma-Aldrich*HSt. Louis, MO, USA)S A}8-3}93 T},
ANEZ2} A EEAREFS Sigma-AldrichA}, dsht
EHS CicarHTokyo, Japan) 28]x ZeMRAZHE
acetyl acetonex} 322 WakoAH(Osaka, Japan)ollA]
A3kl AFE-SIA T Acetonitrile, methanol, hexane,
ethanol, water+= J].T.BakerA}H(Phillipsburg, NJ, USA)
o] HPLCH &9& AM&-slsitt.

Table 1. Operating conditions for FA-DNPH analysis

2.2. Mx{2|dhH

Fig. 29} #o] N85 f=Alsglste 7
(SPE) ¥ A4 FZ(LLE)sk= W<
fr=A3h= EPA Method 5549} 8315A 2
EFAAE ARl AAEo] e o, Al
£ 100mLE DNPH=Z §%x5}s 5 SPE 7}EgA|
(Waters, Sep-Pak® Plus C18, 1g)° E3A]7]22 80
2 FE3le] A0S g2 ue EPA

Item Analytical condition
Instrument HPLC/UV KNAUER Smartline 1000 / 2600
Column Waters SunFire C18 (4.6x150 mm, 3.5 um)
Mobile phase CH;CN / Hy,0 = 50 / 50 (v/v %)
Wavelength 360 nm
Flow 1 mL/min
Injection volume 20 uL
Oven Temp. 40°C
Instrument GC-MS Agilent Technologies 6890N / 59758
Column DB-5MS (60 m x 0.25 mm, 0.25 pm)
Oven Temp. 60°C (2 min) = 20°C/min — 220°C (2 min) — 3°C/min — 280°C (3 min)

Injection Temp. 250°C
Split Ratio 5:1
Carrier gas He (0.7 mL/min)
Aux Temp. 280°C
Acq. Mode SIM (Selected Ion : 63, 78, 79, 210)
Instrument GC/ECD Thermo FINNIGAN TraceGC ultra
Column DB-624 (30 m x 0.32 mm, 1.8 um)
Oven Temp. 100°C (3 min) — 30°C/min — 190°C — 10°C/min — 240°C (30 min)

Injection Temp.
Split Ratio
Carrier gas

Detector Temp.

220°C
7:1

N, (1.5 mL/min)
300°C
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GC/ECD+= Thermo Electron Co.2] FINNIGAN
TraceGC UltraS AF&3l9iem £4 A3 DB-624
B0m x 032 mm, 1.8um)J&W Scientific, Folsom, CA,
USAE 213199t GC-MS+ Agilent Technologies
(Santa Clara, CA, USA)9] 6890N GCell 5975B MS
£ AFE39 32 DB-5MS(60m x 0.25 mm, 0.25 um)
(J&W Scientific, Folsom, CA, USA) ¥4 ZAH< AL
319 tt. HPLC= Knauer*H(Berlin, Germany)2] 4| S
ARESI o™ Waters Al Z¥ SunFire C18(4.6x
150 mm, 3.5 um)(Dublin, Ireland)S AFEsl] UV 4
=712 ST AAE 717184 2712 Table 134
20l VFERT). §853 =1 9] s =Al= Beckman Coulter
(Fullerton, CA, USA)2] DU 800 UVVIS, A5H417]
= BLTEC(Osaka, Japan)®] STAT-2000 )= A}&-a}
ATt

Table 2. Operating conditions for FA-PFBHA analysis
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Item Analytical condition
Instrument HPLC/UV KNAUER Smartline 1000 / 2600
Column Waters SunFire C18 (4.6x150 mm, 3.5 um)
Mobile phase CH4,CN / Hy,0 = 50 / 50 (v/v %)
Wavelength 200 nm
Flow 1 mL/min
Injection volume 20 uL
Oven Temp. 40°C
Instrument GC-MS Agilent Technologies 6890N / 5975B
Column DB-5MS (60 m x 0.25 mm, 0.25 pum)
Oven Temp. 80°C (2min) = 20°C/min — 160°C (1 min) — 10°C/min — 300°C (2 min)
Injection Temp. 250°C
Split Ratio 10:1
Carrier gas He (0.7 mL/min)
Aux Temp. 280°C
Acq. Mode SIM (Selected Ion : 117, 131, 181, 182, 195)
Instrument GC/ECD Thermo FINNIGAN TraceGC ultra
Column DB-624 (30 m x 0.32 mm, 1.8 um)
Oven Temp. 80°C (5min) - 10°C/min — 120°C — 5°C/min — 180°C — 10°C/min — 200°C (3 min)
Injection Temp. 220°C
Split Ratio 10 : 1
Carrier gas N, (1.5 mL/min)
Detector Temp. 300°C
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Table 3. Comparison on accredited standard method
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Korean standard Standard Methods of
method for EPA Method EPA Method EPA Method methods Analysis in
unregulated 554 8315A 556.1 Health Science
. 6252B

drinking water (Japan)

Sample volume 100 mL 100 mL 100 mL 20 mL 20 mL 50 mL
Type of SPE SPE SPE LLE LLE LLE
Extraction
Derr‘::‘gtfst“‘m 24DNPH  24-DNPH  2,4-DNPH PFBHA PFBHA PFBHA
Condition of =00 p 40°C, 1hr 40°C, Thr  3542°C, 2hr  35:0.5°C, 2hr R0OM Temp,
reaction 2 hr
Extractant Hexane or Ethanol Acetonitrile Hexane Hexane Hexane
Ethanol
Instrument HPLC/UV HPLC/UV HPLC/UV GC/ECD GC/ECD GC-MS
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Fig. 3. Influence of reaction time on detector response area of FA-PFBHA.

@) (b)

Hexane

Hexane

> FA_DNPH

Acetonitrile | ‘ Acetonitrile

DNPH
— FA_DNPH

Ethanol Ethanol

DNPH

~— FA_DNPH

‘ “, /“'-:; g
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Table 4. Linear regression parameters for calibration curves and limit of detection

Instrument Derivatization ~ N. of R? . STDEV. Precision Accuracy = LOD LoQ
reagent Sample (ngl)  (ugl) (%) (%) (ngl)  (ng)
PFBHA 6 0.998 10.43 0.68 7 104 2.30 6.84

3k
GC/ECD DNPH 6 0.997 3.38 47 71 11.36 33.82
GC-MS* PFBHA 6 0.999 10.08 0.65 6 101 2.17 6.46
DNPH 6 0.990 0.72 8 87 2.42 7.21
PFBHA 6 0.999 11.35 0.92 8 113 3.10 9.22

«
HPLC/UV DNPH 6 0.998 9.89 1.36 14 99 4.57 13.60
Spgcvtr/xf;’z* - 5 0999 5833 293 5 117 1097 2926
Auto Analyzer* - 7 0.999 0.69 7 98 2.17 6.91

*Spiked concentration is 10 ug/L, **Spiked concentration is 50 pg/L.
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Fig. 5. Comparison of FA concentration in mineral water
using the DNPH and PFBHA.
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