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Abstract: An analytical method for determining phenol considered priority pollutants of the US EPA and
precursor of toxic phenolic compounds by solid-phase extraction (SPE) and high performance liquid
chromatographic systems (HPLC) equipped with fluorescence and mass selective detectors have been developed.
The SPE process for sample preconcentration was performed on a commercially available Oasis HLB cartridge
packed with polymeric sorbents. The effect of pH, elution solvent, and elution volume on the recoveries of
the analytes were investigated with HPLC/FLD. Average recovery of >87.0% was achieved with 60 mg sorbents
using 5 mL of methanol as an elution solvent at pH=3.
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Detector)ol] 2|3 HPLCW 3 MSD (Mass Selective
Ho = 77y EAE S A
< 3

gsha 2 el #=27
=g Brhstel ngut,
2. 4 #

21. Algf & 7|7

Dichloromethane, acetone, acetonitrile, #-hexane, methyl
t-butylether= WakoA}9] ZHF-5 kAl & 82, methanol
£ Fischer chemicals®] HPLCS<2,, acetic acid WakoA}
o] H]FAA 8-S AH8-3F T Phenol2 Kanto Chemical,
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1.0 mg/mLe] TF=Y NS methanolZ | AJ5|A] 2 E
o AFe HFEAES A5t AT

AV F= VtERA S FEA R 7P Bz e
2 AME-H+= WaterAl9] Sep-pak tCjg Environmental
cartridge?} Oasis HLB 3 cc/60 mg cartridge, 6 cc/200
mg cartridge AF-83199 0™, &3 X = AlltechA<]
Vacuum Manifold (Alltech Associates, Illinois, USA)
systems AHE-81TH

. BT 2|

EAol= ¥37=71(G1315B)9} Photodiode array
detector (G1315B)7} 2=l Agilent TechnologiesA}
o] HP1100 series HPLC system¥ MSD (G1956B)
9} UV (G1315B)7F H& ¥ HPLC system2 ¥ 714
systems ARS-SFATE 2] BATEH2 AlltechAl (Alltech
Associates, Illinois, USA)2] ADSORBOSPHERE XL
€8 300A 5U (ID 4.6 mm, Length 250 mm)< AH&3}
Atk FFAZE71E AHEEE systemoll A A, 215 nm,
hem 313 nmolA] AESH O, o542 HIA G 18
MQ o]’del FFF ol 1% acetic acid &3} HPLC&
methanol®l] 1% acetic acid& 713t €S membrane
filters}d Table 13} 7] gradient elutiond}4 T} MSDE
AHE-8h= Al &Fl oA o] 542 T3] 75% methanol

ARE-3I oW ZPA 3 2748 Table 29 YERASIH.
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AlEE 045 um GF/C filter (Whatman)E ©]-&3}
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Table 1. Operating conditions for high performance liquid
chromato-graphy with fluorescence detector

ADSORBOSPHERE XLC8 300A 5U
(250 mmx4.6 mm)

Fluorescence (Ae. 215 nm, Aep. 313 nm)
A : 1% acetic acid in distilled water
B : 1% acetic acid in methanol

Column
Detector

Mobile phase

Gradient Time (min.) A (%) B (%)
0 40 60
2.0 40 60
18.0 0 100
20.0 40 60
Flow rate 1.0 mL/min.
Column temperature 40 °C
Injection amount 10 pL
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Table 2. Operating conditions for high performance liquid
chromato-graphy with mass selective detector

ADSORBOSPHERE XLC8

Column 300A 5U (250 mmx4.6 mm)
Mobile phase 75% methanol
Flow rate 0.6 plL/min
Injection Volume 10
lonization mode API-ES
Polarity mode  negative
Mass . Fragmentor 150 vV
Selective Temperature : 350 °C, Flow :
Detector Drying gas 12 Lr;min ' ’ '
Mass range 30~120 amu
UV Detector 230 nm

AL FlETRE PE] 5 mLe TE22YEo =g
ST oA HEHE 5 mL, TFF 5 mLE °]
A 2850 @SR ol floA] A EE Al
2= IA3l" FLEZ A 5~10 mL/min] &2

x

=8 TIAIUT AEE BT T o Rl
AAEEE F53] air-aspirationdt $ WEFS 5 mLE

Preparation
Sample

¥ Adjust to pH = 3 using phosphoric acid

Filtration

& Using GF/C filter paper

Condition/Equilibration

for HLB cartridge

¥ Wash with 5 mL of dichloromethane
& And 5 mL of methanol
& 5 mL of distilled water

Apply to cartridge
up to 1 L sample

& Flow rate 5~10 mL/min

Elution

by methanol 5 mL/min

& Purging nitrogen gas

Evaporation &
Reconstitution

adjust to 1 mL
4

HPLC Analysis

Scheme 1. Flow chart of sample preparation by solid-phase
extraction.

S A 71 3L(Scheme 1), 2] NS 40 °C F2FF oA
%—'_]5\—-7] ﬂ]% o] O}OE] 1 mL77}Z] '6]— ]:}___ Table 1

Ao = XE«]Q HPLC/FLDS} HPLC/MSDell
2 =719 A& = s/n=5
o 7%]*}0}@ 0.05 ng o] HFHEA
A sies A =R 02 ALE

3. €1 & nF

3.1. DM I=olETNT)/EZHST(0f 2lEt
A

FAF] HEs IHAAARvETH A S o] g3}
o B435te] notth sE 2 AEd SFgES F40l
A3 acidic hydroxy groupS 7FAI 2 )

ZhEARREOH IR v gt o]

ZAHE vHEolA] EAsHE Zlo] AnkAQl ol M

gy a&AAazetETH I Y-S o8 7ol

olgdt A A glo] M & U7 o)

de dEs ¢ ﬁﬂ%*éiﬂrﬂ%ﬂ ]

_]—7_54_]—7_ QT 120 T RE
At & ﬁ?OﬂH“ FBHE7 AP

sﬂ% o]& 6}04 A o}%r/} o] 5 dL oy

B3 Q)

SeAE A}ﬁo}"ﬂ ° ‘ll
SIE FAEA Y o] & 0}71%6}04 oFA| EAto] H
7V o) 5AS o] &3tk EAlo] AleH u&aA =
2utEagze] Ay U@ d 2 ODS AR
HE 5ol £ 93 Edo] HA YERE Octyl(Cy)
o] JdAH S g AE7E HEel ko
A= AR F FFHAENE Yl AEse
), 7] 3 (hey) 215 nm, FZ3HEm) 313 nmoil A
=439t} Table 18] Z79 g} B3 a2 vlE
B Fig 13} 72on, oy FHEe HAZIA (limit
s/m=591141 0.05 ng ©|t}.
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jg. 1. Chromatogram for phenol of HPLC/FLD.
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32 DHUMIAZOIEINT /BRI ot FIARAME smel AEALUAM 27t
= = o]

H==4 Bhbe 5 AF AT debd shsAel Eoh 3
IFPE7N 20 dxe Xy bEY 2y g BAS k] AFEAIE ol &3t Aol Ht
EA)y7F S35 AlgolAM A A4 5 AFEH HAT o2 AdE
& flste] AZFRAIE ol&3te Aol aHH ol H=e] 4F o533 HPLC/FLDS| 273 543t
= A FAY Apdeltt, B A= FFAE 4l & AME3HE ol phenole] FA43 A= o
719] AE 7 0.05 ng (s/n=5) o] AFEA1]  Bol o] FAo] AWEAE % W ol
HZ3H 0.4 ng (sm=5Z ZH = 109 A= 2 acetate®] PFOZ o] 9] Ao o ¢uZ EI o
FEA7IY eV EE AL 1T & A BE-S AHgshe BviAlIE A9 Esitt. HPLOMSDS
ey HEH2 227 533 0 - A5 A1-8-317] 13k WA FIA (flow injection analysis)S

DAD1D. Sig=230.15, Ref=360.100(1129F/SIG10015.D)
Al

Time (min)

Fig. 2. FIA (flow injection analysis) chromatogram of UV (upper) and MSD (lower) at fragmentor voltage 130~170 V
and API-ES negative mode.

— DAD1D. Sig=230.15, Ref=360.100(1130R1/SIG10008.D)

]
Pl PPN

. 2 “ . . » 2 “

1 MSD1 TICMSFile (1130R1/SIG10008.D)

o002

X

2 . . * * 2 “

Time(min)

Fig. 3. Chromatogram of UV detector at 230 nm (upper) and Total ion chromatogram of mass selective detector (lower) for
phenol standard solution.
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*MSD1 SPC, time=5.401 of 1120F\SIG10015.0 APIES, Neg, Scan, Frag: Var, "scan neg"
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—770
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Max: 114456
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Fig. 4. Liquid chromatographic mass spectrum for phenol.

A Bt HA 9 o] 25t JHE BHEo] F=
A sledokslth(o] S fragmentor voltage2lsh). #&
9] polarity mode+= negativeA 3. Z & 2] fragmentor
voltage™ Fig. 20 YR A3 Z2o] 150 VI

Table 29 “FEFH MSD Z713}ol| A Fig 39} 2H&
TIC A2rtEIHS 45 5 AT

A 99 AL BHEE $lte] UV AE7]
Z 230 nmoll A FA0] A3 ZZrEI o]
] o] MSDo|A ¥-& TIC ELEU]—E:L%JO]E}.
HollA] HTo] & R/t § ARnEIRS A8
AATE.

TIC ZZvEIH O ZHE HojX MS spectrumS
Fig. 49 YeR At LCol €13 mass spectrume GC
oot A= 2w thE IS YEITE LedM =
&2 API (atmospheric pressure ionization) sources®ll
o] sted #A 0] o]FoJX]7] wjZ4l molecular ion peak
U M-1 =5 M+23 927} base peak® VFERITH )
E9o] BEHME M-1 (m/~z=93) I 3E base peak= 3}
o] M-(m/z=94), M-(OH group) (m/z=77)°] A &3&}7

L [e]
= AdE

-1>H£ﬂ

el Hesds 39 & 4 it

33. IXMFE=Y

B AFgME HlES A w=317] A3 Ee
2 IAFFEHS ARSI A FEHE a2

e s o] 4, Sakel Z1Yel ol gHm, 4
AR} o] F4o] 2 o] alEo} e AR

o tate] 7P AukA o ALgE = W ol &3]
g o] gshs Aokt A7l AME= tEA
ol 7}EE] A7} ODS AlGo|H, LA Z9} o] &
A1 Fel tste] Ce7tEHATE ¢ H]'ég_i AeE 7
ot 2@} Hm3 7ro] FAdo] = oAl B3t
Z9] AFolle HEsHR] ol E o:]:rl_oﬂ M= w87

S&AE ©]&3 Oasis HLB (Hydrophilic-Lipophilic-
Balance) 7FE X & AF&SFATH!S ol XA F

321 divinylbenzene=} 2158 7231 N-vinyl pyrrolidone
o & A7 AFH Copolymers AHE-S Ao =
olubA o] FHET R ZAA = ] FeAT 284

A B A87bsetn BA A FaE
=S8 7P afFo g 8% £ YE fujE MU

N

1 $18iA #butyl methyl ether, acetone, acetonitrile,
methanol 2 Z}z+ 213 814t} :&L/ﬂi} A1 z+7be]
cartrldge°ﬂ HE TFLY 50 ngS FHYA712 A€
H 7+t &9 5 mLE elutionAl A #4382 1 4
HE Table 39 YEFHSATE Foll vrERD vRe) 7o)
tC18 M= & GuollA Hito] 6.2%~7.8%= HIS:

Table 3. Recoveries(%) for different elution solvent of phenol
in 0.5 ng spiked water samples (where MTBE is
methyl #-butyl ether)

Methanol MTBE Acetone Acetonitrile

HLB cartridge  100.1 66.5 80.6 79.4
tCyg cartridge 6.2 7.8 6.4 7.6
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Table 4. Recoveries of phenol as changed pH using HLB
cartridge (Applied to 200 mL of sample spiked with
0.5 ng of phenol)

pH 2
66.0%

pH 4
83.8%

pH 6
72.3%

pH 8
76.6%

pH 10
73.0%

Ao, HLBOIAM = 7o 2E SrfollA 80%°]%
< Yelligloy, miggoe] 7 ESktt kA 34
&5 FIAEEIE A MRS S §E8E
A7 skt

S| Ho 2 MAHE methanolS ©]-83tL E Ao
Age FtEYAE Fstr] $std Sep-pak tCy
cartridge®} Oasis HLB cartridge 2 (60 mgz} 200
mg)S o|&3t g AFL ATh. @3 AT
cartridge®l]l phenol {FE&NS 50 ngS FH7IstL
methanol 5 mLZ &A1 A A48T 2 A34E
tCsE AHEE A= BFE0l 108+2.9% (n=3)=
A vEhg 2 dFdde AHEE  gllth HLB
cartridge 4% F 7 cartridge =74 100%2] 3]
%2 Hol B Ao Agld 43 Row B
EELE

NE A FEA 3 554 pHE|
B7] 918t pH 2~107H4] GAE R FZ £4 5}
2 A3E Table 4 JERASITE BT +2
A o AEE AFdke AHS HAoTo R e A

o wigHsick. mepy RHSRE SR FFE p

ot

jan)

o] oJ3Fo] 7} 7‘_9_0]—1:]—57_ G A Atk Fol VERS
Hhel Z¥o] pH 4% W 3|8 83%E Ao Hast
E AFE dehle] e B2 ddes dAe
& 5 AT 01316P Z23E EWE sto] A A1F
HollMe AlE AFHA ALH1+10)S 7W¢p HE 32
2 249 F APAR $AM TAY 229 0%
Al

22 A B sHsk] B4 siint.
Ago vige s EAste ds
st Al g go] B

=k
S0l FAHRE Ed] BelHE ot B4R

&5 AstA7lE 9lel %E‘r. A7l A 7+
(¢}

CREERIE P
SER

BA35te] 2 AHE Table 59

HE BFENE o] &ate] 7 G 50 ng S
HA7rste] FhERRA ] A § &AIA BT
Aggde 37t 60mg FHEZAE 500 mL,
200 mg~ 1000 mLE dod F245 Fzo] £&5

£o] oAl o2 AFAl et AA
*LELEI AN FEe] gl wet AlsES -8

WA A &2lE= A oloksitt.

IAG FERE Ass EYATIE Sl F
Jal7]19sted #HE 5.0 ngS
mL¥ ERA o 2 Hhoba]
mL”}X]Q] B2 Hx] 90%°]%
o) whgh 2 AP E HErE 5
Heds §Yr7IL a7 AE ©
stod Alggd o= 3Tt
oF 722 "]ﬁéﬂre B AEse] &
= HLB 3 cc/60 mg cartridgeE AMS-313L A&
ol 2 &t Scheme 1°] AlEHol we} AlES HA
gt £33 WS g9k

SO =7
=
£ 1

N

off HE mﬁ

_04 -"IN’ 1%

2 = 7}ske] Scheme 1
o] Hhylol we} 53 Whaslel Agelgien, 1 A
2

A0 3 FELS 86~89%+1.2 (H 87.0%, n=5)=
2 472 48 F AU
ro HEe o fE e Goln] dH=

Table 5. Recoveries of phenol at changing sample volumes according as sorbent amounts

Cartridge HLB 3 cc/60 mg cartridge
Sample Volume 300 mL 500 mL 1000 mL
Recovery=SD (%) 87.1+3.1 85.2+2.3 77.1£5.3

Cartridge HLB 6 cc/200 mg cartridge
Sample Volume 500 mL 1000 mL 1500 mL
Recovery (%) 86.0+2.8 91.6£3.3 82.3+5.4
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Fig. 5. Calibration curve for phenol.
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