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Abstract : The HS (headspace)-SPME (Solid phase microextraction) as rapid and simple method was
performed for the determination of volatile fatty acids (VFAs) from the aqueous samples. In-fiber
derivatization of VFAs with 1-Pyrenyldiazomethane (PDAM) was applied to improve their sensitivity of
detection. In SPME procedure, typical parameters such as effects of solution pH, and salting out
reagent and ultrasonication were investigated to improve the extraction efficiency. Based on the
developed method, VFAs in wastewater samples were determined by gas chromatography / mass

spectrometry-selected ion monitoring (GC/MS-SIM) mode.
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2.1. Alek ¥ 7171

B Ao A AME-H acetic acid (99.9%)% propionic
acid (99.5%) UM Aldrich (Seelze, Germany)ol|A
A3FF D butyric  acid (99%)3}  valeric  acid (99%)-&
Fluka (Buchs SG, Switzerland)ol| X T3l ALR3S
o} FEAE A|°fo & |-Pyrenyldiazomethane (PDAM)
€ Molecular ProbesA} (Eugene, OR, USA)ol|A], bis
(trimethylsilyl) trifluoroaceamide (BSTFA)=  SupelcoA}
(Bellefonte, PA, USA)JlA 73tuct AgdE RE
#7180 1. T. BakerA} (Phillipsburg, NJ, USA)9] #
FEek BA8oldth

7|z 2t E e | AR A]7]E Agilent (Palo Alto,
CA, USA) HP6890 gas chromatograph / HP5973 mass
selective detectorE ARR-3}H .o, MSQ] o] &3} Hialo
2 HAAF2 o] 28} (electron impac)§ & AREEHFCH
ojf o] 23} oY= 70 eV Fom, o] 2rE
230 C 9t AMRH YL J&W ScientificA} (Palo
Alto, CA, USA)¢| (5%-phenyl)-methylpolysilo- xane
(HP-5MS) £-§ A&7} EA# #HPo2 gxEo) 025
mm, o] 30 m, BFA 025 ml Fe|Uch #H Y
2% Z274E& A7 EE (scan mode)oll A £JE wfj=
2712 40 CTollM 5E A7 F9 10 TH <
23t HFTLEE 300 TR &8jA I Aty
FE=AME whgH o 9 FREES 4o HUA
Ak FEAZEL Hud & 2xoA
o2 mE BN AFE AT x5 84
H Ao gdME s o= 180 TollA] 287 #HE=2
I EF 10 TY Fse3ted AFLEE 300 T2 29
AHE-SAT olm GC FY7 2%+ 280 T gor A
£%E 40 ems'2 Sl SPME A Supelcod]
manual holder$} 85 pm polyacrylate (PA) 3}o]H] (fiber)
£ AME3lE o™ QFAE 0.75 mne) injection port liner
7b AHE-E ATt

o
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Fig. 1. Total ion chromatogram of VFAs (each 50 ppm)
obtained by HS-SPME without derivatization.
Peak’s identity as follows: 1. acetic acid, 2.
propionic acid, 3. butyric acid, 4. valeric acid.
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Fig. 2. GC/MS-SIM of VFA (each 4ppm) after PDAM
derivatization by HS-SPME Peak’s identity as
follows: 1. acetic acid/PDAM ester 2. propionic
acid/PDAM ester, 3. iso-butyric acid/PDAM
ester, 4. n-butyric acid/PDAM ester, 5. iso-valeric
acid/PDAM ester, 6. n-valeric acid/PDAM ester.
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Fig. 3. Mass specttum of propionic acid derivatized
with PDAM.

PDAM#9] A8} ¥H3-& T3 YolA= VFAsY
GCMS E4 43 Yehd WFF A7} (retention time,
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Table 1. Retention time and mass spectral characteristic
ions of VFAs derivatives with PDAM

Retention  molecular .
) . fragmented ion
Compound time ion m/2)

(min) (m/z)

acetic acid 144 274

propionic acid 152 288

tso-but}.'nc acid 15.5 300 215

n-butyric acid 16.1

iso-valeri i 16.

iso-val ?nc a.cld 6 316

n-valeric acid 17.2

. CH,00CR CH, ﬁH CH,OH
D & @

Fig. 4. Reaction scheme of the PDAM with fatty acids
from aqueous phase.
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F=A S ES A Age 2l BSTFAY 3¢ A
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Fig. 5. Total ion chromatogram of PDAM derivatized
VFAs by HS-SPME. Peak’s identity as follows:
I. methylpyrene, 2. pyrenaldehyde, 3. pyren-
bezylalcohol, 4. acetic acid/PDAM ester, 5.
propionic  acid/PDAM ester, 6. iso-butyric
acid/PDAM ester, 7. n-butyric acid/PDAM ester,
8. iso-valeric acid/PDAM ester, 9. n-valeric
acid/PDAM ester.
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A2 &A1 7] Qi) fEAs vhe-& fsiA= o
kA A}A] 2ol (aprotic solvent)E A Elalado} @k o
7| 5 mgml 2} it Eo] AMBEGY frA 8
2 98l AMgEolxl= PDAM folg AEgoRw
SPME 3loju| & X3}A|7]7|e] FEIER FAHo=
ARgEo]d 4 gtk
VFAsE 48 t& Ad3ansdrs HfeH s}
o wWE o7 hA AHE BAh 43 Eg] oE
d FelEd e 54 ZAY Ahe AEE E9
AEA ZPH d orA Ao, Ao AHglo]
Rom AMggwol e BHS itk w3 AHE
7 =Y el AMEEA B3 AU Ak
28 A ARrEE oA, 2 #3 6y &
g Hole AL F4 A AYdM dvry
2 B F gl FAYI? M Abalos 59 ai%l
0Be) wzy vl4TA)3 SPME W o2 VFAsS
Mate] 2z} BHEY ppmEEe HlwAH E *XH
£ AgoH, 2 FHME acetic acidd]
0.6 ppmO 22X 1 ol3tE EAjsh= A
goMe Xéi—% Z3o] olgnty Buslch ®3
AA Hg F VFAsY B4 o] WaEdE £
2 Q3 e ZI Fate] A, o] GC-FIDE &
2 GCEMSZE T ofg9l$-& B3k wefs £ a7

W B A g HE VFAsE

asroz pels Wn B Fulge) R4S & &
9lE WwoF SPME solwu} =g Hyo] BE
Mg Hol F9lch

3.2. RcA|&/HS-SPME £4 X
FHard Ak 1 Ao R Qe Fof diEk &
sl 2 EANE siAm 9on B3] acetic acid,
propionic acid, butyric acid®] &l i3t & F-
g iz okt olgd HAe £89 F oF
o] BMo] BAAAR] Ao FEHo2E AL UY
FE2Y oo A=) o B 0}‘43]’ FrEAg) g
S XS Sulo AR <lE Arie BAHE dfiel
Aelado] Wolzitt. efu} HS-SPME 5 01%5}
A5 W PEE 2E B ol A vy

5 o 4 qlolA AR M Al A 5 Qe E—
3

49 £48 B9 5 A2 B oieh Fa
Q L=

2 r
o
oo
i)
32
fan)
o=
mi

SoE AL e 2
Fig. 650215} 2] Az
¥ 0 2340
o

FEo] o F

tlo dlo fIF
H
il

!i:

OTOM s
AR o)z 2Tt
Z7h 4% AR
208 ool &
stolHell oz F3
= Aoz B3k
Fig. 7% SPME H¥zx7o = §Ho] pHY & 7}
(salting out effect)ol] 23t #ZAANE Jeld AHojrk
Fig. 7914 B ule} o] pH7} Wold4s 23854
o Z27He & & ok dag Aty alg
pKa Zhe 45~492%" pKa B} W& pH 90
X RCOO Ht} RCOOH7} ©] $-A|37 a8t 3
of 93t & o] A3 Aoz e ¥8
7HE we] FE2EHYE dolRv] ¢ste] pH 291

4 32 hu

o[)v
o i

9% 254

—‘%’~E191 VFAs $&8& %7
1

Ku
fa'4
r&l
>.
U{U
l
o
<
_40: b
A
L E
EEE‘E

:2‘.' e 2 4 e

—r"

Analytical Science & Technology



Fibert] #X=A3/HS-SPMEE °]4% +&94 A8 T A APty

Bacetic acid
HO000%0 " M propionic acid
i On-butyric acid
25000000 Oiso-butyric acid
‘\ ] M n-valeric acid
20000000 ¢ Biso-valeric acid

peak area

sonication tirre (min)

Fig. 6. The effect of sonication time with PDAM
without pH control.
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Fig. 7. The effect of pH and adding salt with 20 min
of sonication.
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Table 2. Concentration of VFAs derivatives with
PDAM obtained from wastewater sample
Concentration (mg/L)

Compound Sample 1 Sample 2
(separated system) (combined System)
acetic acid 13.23 2.07
propionic acid 10.15 N.D
iso-butyric acid 0.12 N.D
n-butyric acid 0.48 N.D
iso-valeric acid 0.11 N.D
n-valeric acid 0.06 N.D
120000 o
100000
g 60000 ~
< 40000
20000 -
3 "\ s [

o T T T T T T T T T 1
14.0 1455 150 155 16.0 165 17.0 17.5 18.0 185 19.0
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Fig. 8. Total ion chromatogram of VFAs derivatives with
PDAM by HS-SPME extracted from wastewater
sample. Peak’s identity as follows: 1. acetic
acid/PDAM ester 2. propionic acid/PDAM ester,
3. iso-butyric -acid/PDAM ester, 4. n-butyric
acid/PDAM ester, 5. iso-valeric acid/PDAM ester,
6. n-valeric acid/PDAM ester
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