J. ENVIRON. TOXICOL.
Vol. 18, No. 3, 199~ 208 (2003)

GC/MS-SIM dtHo]| eolst =& T ¢dH =,
22 25|=3 d|AD= AS| ppt

4 #

FHAFA L, TIC

Part-Per-Trillion Level Determination of Alkylphenols,
Chlorophenols and Bisphenol A using GC/MS-SIM
in Tap Water Samples

Hyub Kim
Technology Innovation Center, Sangju National University, Sangju 742-711, Korea

ABSTRACT

A new technique was proposed for the determination of alkylphenols, chlorophenols and bisphenol A in tap
water samples. The sample preparation consists of a solid phase extraction (SPE) of alkylphenols, chiorophe-
nols and bisphenol A from a water sample with XAD-4 and subsequent conversion to isobutyloxycarbonyl
(isoBOC) derivatives or tert—butyldimethylsilyl (TBDMS) derivatives for sensitive analysis with the GC/MS-
SIM mode.

The recoveries were 86.6~105.2% (isoBOC derivatization) and 97.6~484.5% (TBDMS derivatization),
respectively.

The limit of quantitation of alkylphenols, chlorophenols and bisphenol A for SIM were 0.001~0.050 pg/l
(isoBOC derivatization) and 0.003 ~ 0.050 pg/l (TBDMS derivatization). The SIM responses were linear with
the correlation coefficient varying 0.9755~0.9981 (isoBOC derivatization), and 0.9908 ~0.9996 (TBDMS
derivatization). When these methods were applied to tap water samples, the range of concentrations were 22.8
~31.3 ng/l in 2, 4-dichlorophenol, 28.6~70.3 ng/l in pentachlorophenol, 15.2~17.4 ng/l in t-butylphenol,
10.8~13.2 ng/l in t—octylphenol and 17.6~36.3 ng/l in bisphenol A, respectively.
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ceuticals, nonionic surfactants?} ¢t} (SPEED 98/
JEA, 1998; Illinois EPA Endocrine Disruptors, 1996).

o % AdelA wobe] FelsA Al B4
Y F das® Al BepaE, 48, o F 3 A
A} poFggelr BALE F& BeEz dbgs)
of WgulAe] a3t glvky ARl slefols &
Adeq, 2R vads AY 1159
#H =R} UH(SPEED 98/JEA, 1998; Illinois EPA
Endocrine Disruptors, 1996).

53], AeAe] 3y F FAE e, g
23 9 2 938 T A0 AW A%
HEe $£%E Fo ZF=Z =29 %5 (Rodriguez et al.,
1997)2} w)2#H %= A7} (Shin er al., 2001) A&}
I BuEs

olg Hewe 2N T HETAE 001 gL
(=¥ 52 0.1ugl) o|W7} 5 =% 4 (SPEED
OBNEA) $tx SlE wh, WAlbAl AR by
WES 135 BHez ot AxE 29 2T
£ target AFEZ HAEF 4 glo] 11359 sz =
& FAlel) profiling & 4 A WHl (A 5
2002; Heberer et al., 1997) ain] 8}, 74 &34 7} i
F =2 S 715 9luk(Penalver ef al., 2002;
Shin et al., 2001; Helaleh ez al., 2001; Rodriguez et
al., 1997). ]88t A& B [3] 2Ho=z ||
2 SR FARAT A2eAE DS 3
Alel] false positive peaki QI8 peak Q1A] A] 24l
o2 A% e FY 4 A B4 Yol
g AR ole

+ANRA ol eFe] $AE N 329
oz Ax-Nx F29Y (liquid-liquid extrac-
tion, LLE) (Shin er al., 2001; Helaleh et al., 2001;
EPA method 625, 1976) & 3244} 3% (solid phase
extraction, SPE) (7} %, 2003; 21 %, 2002; Kim et
al., 2000; Wissiack et al., 2002; Heberer et al., 1997,
Rodriguez et al., 1997) 5 t}e}st FZ9 o] 7ty
Rt

o] ¥ HZ /ML= SPE: 4% 4 AM43)
of U] (ppt level) W3k 2FENE 2 3
$&2 AYyor 223 4 glomz Ayl A,
Ez224, XAD-42] ¥ oFup) A o] A
o2 AL ojch (Masque et al., 1998; Heberer et al.,
1997).

37 A= F 3 FUas FAde) 7t hydrox-
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yIZ12 3 BN A e B ZP= ) peak B
H gAe FE3le FuF £33 HeRE HE
3t7] S fEAS whgel == ok i
dubg o 2 #H&=Fo] {543} 4h$-© 2= phenolic
-OHY EALAF silylation (] 5, 2003; 2 =,
2002; Heberer et al., 1997), acylation (Masque et al.,
1998; Achilli et al., 1995), cyanomethylation (Shin et
al., 2001), benzylation (Johnson et al., 1973)3} isob-
utoxycarbonylation (31 % 2003; 7} %, 2002; Kim
et al., 2000)-& ©]-43fs] B]5A fuctional group2
= AR Yot

Acylation, cyanomethylation#} benzylation-2- 7}
& 9714 S8l A phenolate o] & e 2T
Hhgo] o Ro}x|7] ol Absje] obah ppt 4]
AerEel ol FEAS W AR 2
AAL el QYeme RE ppb $ES) A
Wog wlo] ALR-E <t} (Penalver er al., 2002; Shin
et al., 2001; Helaleh er al., 2001; Rodriguez et al.,
1997).

Hh, silyl- =4 & tert—butyldimethylsilyl
(TBDMS) &-=4|7} $¥e] 7}sls GC 2 mass
spectrometry (MS) ¥4 AA o) $I5lx $=3}
o) AYA = ol ponmz e x ppt $F
9 EAub oz wol AL&s}olc)(Heberer et al.,
1997).

I3} acylation, cyanomethylation, benzylation,
silylation& Axjg] el =23 A clean-up
o] o] FolglE S&F U Su|gke] matrixol] 2
8} phenolic-OH functional group %} o}z} hyd-
roxyl-OH functional groupz}= HF-&-3}ed false pos-
itive peak7} AR A& 7T B 5
2003). &L, o] & TAHL B3] 98l FHE
59 phenolic-OH®} Ale]A o2 4235 isobu-
toxycarbonylationg %2 matrixE 23l 37
Als EMA] o] g3t (R F, 2002; A %
2003).

AeF FHE TV 2e
(GC), high perfermance liquid chromatograph
(HPLC), GC/mass spectrometer (GC/MS) ¥ LC/
mass spectrometer (LC/MS) (EPA method 625, 1976;
Lee et al., 1989; Boyd er al., 1994; Lee et al., 1987,
Lee et al., 1984; Moder et al., 1997; Yergey et al.,
1990) 7} wkeo] AHg-HolZ ot HZ A& “Speed

gas chromatograph
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98 u}4” (SPEED 98/JEA, 1998)3} m]=- “EPA w}
" (EPA method 625, 1976)0] A t} A& =g
o) BAANE Ra%o] H2 GC/MS-SIM (select-
ed ion monitoring) Y& A33stzm vk 2y
HE GC/MS-SIM W& sh}e] peakoll oshed
22 A7k} (retention time, RT) 27 3-2 37 2]
A e)e-g MAsle ionratioZ AL 3 &
Z U0 ooz M WAL Askn Yo
o2 false positive peakel] 2J3F peak QJAJA] 23]
o2 A% 2we T sPsol ¢ Fohw wwy
ATHA &, 2003).

ol2® eg WAstz} vl A 3}E] 3 (As-
sociation of Official Analytical Chemists, AOAC)e]|
A 2747 o)ike] Mz HE EAHPEE ARSs)
of Wlmstes FAshx oleh

2 A7l e A4 R YrAgos A
$¥01 GOMS-SIM W& ALt 524
& ¥ ppteES] A ER, AR v
HE AE M2 8 BAugQl isoBOC #5413}
A3 TBDMS $-5A3 2AMPH S ARe3
o BF £AA 84 isoBOC $-243 ¥ Hxs
3 TBDMS =413 3 s=E59 AHIFHE3H
(limit of quantitation, LOQ)%} 348, EFHA}=-
AR 3 AE U7 A, 9T 2 A7) ofne
o IFHE AA £5E F JHEuHl &3}
AL FAHE 1159 AsFES isoBOC f=
A} TBDMS f-=4] #AuH oz FA EA3}o]
NER PR

>
mr
%
oz
e

2 97l A9 =& 491l MERCKAH(Ger-
many)®] AHF o £44-E ARgslgloen, B
A B 9% dAl¥r 2F2AS WREFEAR
A}4-8F phenanthrene-d;o, bisphenol A-d ¢ Sigma
- AldrichA} (Milwaukee, WI, USA)Z RE] Fal3}s
v}. 4-n-hexylphenol @ 4-n—heptyphenol-2 TCI
AF(Tokyo, Japen)2} AcrosAtel| A -3k}

F=AE Aok N-methyl-N-(tert—butyldime-
thylsilyl)~trifluouoacetamide (MTBSTFA) £-o4-&
PierceAF(Rockford, IL, USA), isobutylchloroformate

(isoBCF) 202 AcrosAl(Belgium)22E] 793}
e, triethylamine (TEA)-& JunseiA} (Tokyo,
apanyel Al 7<) sho] AFg-shlch

EAA 2 A3 20~60 meshe] AMBERLITE
XAD-4 X% SigmaA}(St. Louis, MO, USA)el| A
F313}e] AHgstsich

2. TEHANE

EF $AAE2E Water for chromatography &
MERCKA}(Germany)ol| Al -S4 8ke] A3} -
X5E Aaes feRlvete s Y= 33
=, 7= Atz S Aoz vhro] 7 UY
A& = Mg, A A, Ay 2 AF
9] optES AMYsle F=RAAM A A3}
A ZE Age AAE HH HE 58 33
ol d AMFT F AFst Ao, A F
149 ool M3}t

3. HE EFHY H 47

kH

E =x

1139 s 25245 42& 1mg/mle] =
7} HEs oEYELY L3AA dYe wE
5 Z7ke] ddellA dAHE FHsla HAAA
50pg/ml zxo] #HE EF 2FLNE 243U
HFLAL 0°C o]Fte] JFaro] HAstHA AE
315}, Phenanthrene-d 3} ¥]A#HE A-diet 1
mg/mi®] FE7t HEF oM EHEL] La)AA
dAE THE F, ZA7F 100 ug/mlie} 50pg/mie =
7} HES o EYELd 43AA WrEEE
o= ARl

4. THAR AN H HBEMEHA AY

IN H:SOs2 pH 22 =43 $~4AI8 2Ll 9
B &3 2F A9 100ngLE Hrsla, B 25
EARZA vlaHE A-die §4 Lug/LE A7} 319
o o B e, wgke, n-dAAk 2F/4 pH2 &
b7y 20 ml2 Al 3 0.5 g XAD-4 APl 2} 5
mle] 4oz AN} 534 5 =S Y
o 5471 Bd F 244 32 AA [solid-phase
extractor (IST, UK)| & o] &-3}ed, XAD-4 AR L 1}
2 A e (120~250 mm Hp)2 Fake] 5582
AAT &, 1087+ AL 7pAE Bo] FHA zhed
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Holl oEVEL 5miE 5¥EZF FAANZ F,
2 05ml ojste] x2S o] 2%
3] whEela oMM EYEIZE Fete FAe)
4 F oA SmY 77 £H3se isoBOC
FEAS} 2hE- Al2st TBDMS #=43} whg A
29 AAq ez gl H3 A gl 9
3 fr=Ast 3 F AE A A v 4] A
ol st 25~5AESE v/ AL W
3t sle EFEELAE SHste] Z42e 3749
EF $AAN S 2Ll AHrlete] Afsioin

< 3] AAARAS. $5-0) AAL XAD-4
of

He ot

N, =

o

Blst oA Wy

1) isoBOC T X

A9l AAE] #A& A isoBOC =4 whs-
Ax2Y 5mlE H=E 3" "PiE Ad 2ml
reacti—vial (Pierce Co., USA)e]| triethylamine 40 pl
2 A7}t F, pressure gas blowing concentrator
(EYELA, JAPAN)o| 4] Ra7t~g Bolde] %3
& WA $7 o 0p FEY & DA i
ethylamine 30 ul& #7}8F & isobutylchloroformate
20ulE Arsldet. o] 448 5~200°C7HA] 24
& 4 9)& pressure gas blowing concentratorel] A]
100°C=. 147} gt 7Fdgh g8 Aex A3
o =471 ¢t52% % 0.1 ug/ule] phenanthrene—
dio 1018 A7Fshadet

2) TBDMS =4

el Ax= A& A% TBDMS =4 wHs
Axzd 5mlE H=ZE 3EE =piE Ad 2ml
reacti-viale] triethylamine 50 ul& #7}8 &, pres-
sure gas blowing concentratorol A A A7IAS H-o]
Yol F&& AN 3T oF S0uR & FH
N-methyl-N-(fert-butyldimethylsilyl)-trifluouo-
acetamide 40 u1E AH7}stH ot o] £M-S pressure
gas blowing concentratore| A} 100°Cel| 4] 142} &
7 v A2l AH fEAVE ga™
% 0.1 ug/ul2) phenanthrene~d;o 10 ulE A 7}s}d

A A4 el 4719

W
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r
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9% Wyez 4 9 isoBOC FEA% 2
TBDMS 45418 AAste] GOMS-SIMo 3
AME F, 25 AR 2L 100ng/Le] ==
A48 A7) sleRe slewel dekd §29
o $ela o] goldt Hew WUV F,
2002) 20~ 60 mesh®] AMBERLITE XAD-4 23]
& A4 99 59T PHes PAY 2
isoBOC ¢4 3 W =2 TBDMS §-543 1}
He AA F H5EL dofrgdel 5/ dHe] A
A ohE EEel gleldE pH22 2T 27
9] %8 AR 2Le R 2F BA2A v)Ad
¥ A-died | pgll 37ksted 918k 5% HA
e 713 5 GC/MS-SIMe 2 EA519t.

\l
kH
M
oY
0
JH

Mol =y

AA WHele 4 BAEs 2FEAS e S
J8 mF TFE(5, 20, 100, 200, 400 ng)
et o] EgHE] Bl2HE A-de 1 ugE
B f=A3} il wel isoBOC fr=A 32
TBDMS #=A3slz i sFEda A4
phenanthrene—do -89 1ugs A7t 3 GC/MS-
SIM=Z #A3t Alad AAFAE 24

8. 2477

FANR F 11F AsiE FA7] 9% GO/
MS=2= HP-6890 plus 7|4 ==2vi= =59} HP
5970 MS Chemstationo] 7% 5973 Network Z g
A 7] (Agilient Technologies, USA)2. FA = oA
A& AHgskde GOMS £44 ¢ 232 DB-
SMS cross linked 5% phenyl methylsilicon fused-
silica capillary column (30 m X 0.25 mm L.D., 0.25
um film thickness)& AHg-3ke], o] -3} 24 |7
Fact 28 22x ALl 60°CAM 13 5
A & F 187 10°CH &3 280°C7HA] @1
20% <t HEA she-

A& 1S 8] 2 (splitless) FYHE A& (pur-
ge delay time 0.7%) F3tdet. +7|Ae eF
(99.999%)& A}43 11, 452 09ml/minz2. E23
9t A8 FoUTL] x, dF BP9 2x o
9] x%= 747} 260, 230, 200°C2 23}

o] 23} k& 70eVE 75t 54 AL 7}
2 o] 2wk A¥sle] ZE3h= Wk (selected ion
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Table 1. Selected ion groups of phenols for GC/MS—SIM mode analysis

Time range (min)

Selected ion (m/z)

Compound

isoBOC TBDMS isoBOC TBDMS
2, 4~dichlorophenol 13.50~16.50 12.50~16.00 164, 162 221,219
4-r-butylphenol 13.50~16.50 12.50~16.00 150, 135 264, 151
4—-n-butylphenol 13.50~16.50 12.50~16.00 150, 107 264, 207
phenanthrene—d;o 13.50~16.50 12.50~16.00 188 188
4-n—-pentylphenol 16.50~ 18.80 12.50~16.00 164, 107 278,221
4-n-hexylphenol 16.50~18.80 12.50~16.00 178, 107 292,235
4-t-octylphenol 16.50~18.80 16.00~20.50 235,135 320, 249
4-n-heptylphenol 16.50~18.80 16.00~20.50 192, 107 306, 249
pentachlorophenol 18.80~26.00 20.50~26.00 268, 266 358, 357
nonylphenol 18.80~26.00 16.00~20.50 320, 220,149, 135 334,277,263, 249
4-n-octylphenol 18.80~26.00 16.00~20.50 206, 107 320, 263
bisphenol A-die 26.00~30.00 20.50~26.00 242,224 470, 453
bisphenol A 26.00~30.00 20.50~26.00 228,213 456, 441

monitoring, SIM)&- AF8-3le] A slgic). SIM vt
HelA AHEE o SEL 7 SEEe) B4 oleg
A3 3 (Table 1), o] 5] F=g Fol7] 415}]
HF-E 2] 7} (retention time)ol] }2} isoBOC H-XA)|
3} 470e] I2goz TBDMS $-=A31= 3719
a%e2 el s

9. A4t

e}

A AY, 25 AR F9E D %
Azold A28 efEs drazrds A
gt phenanthrene—-d; o3 2} H =742 Al
B ulE olgdlel AUA, 08T S
shafch.

AA 25E AR I9E2 £5F A WE
nFEEA 2 AFESE phenanthrene—d;p WA I} 8]A
e A-die ®HA 73] WA ¥E o] 83l e
£ Attt

1152 =Efel A3 BF> 15 =% peakel
Hated 270 2] iong AMAst 1 5 ZF=sF 2 ion
N2 AgE g W, =d9=9] S n-3Ej9)
tert-¥ej7} FA S EHE =9 He
< o7zl wlsale] o-9 9} p-$Ael] 1:302
FAste s w2 isomer7}t &) 3} IsoBOC &=
Az} wk-S-olv} TBDMS {243 HEg o] Fo=
2748 peak’} HEHE 2 »d¥ S A g
+= 8t=A] Z47ke] molecular ion#} isoBOC §-%.4
s whgolt} TBDMS f=A3 W39 EA5<)

i

2
oo iz

=
o
o
=

4

A Ak

iong Wr=A] gqlsle]of 3w, HFAldl= Fal
ion oj2]e]l n-¥eje} o]B} EAJo| 10w A= 7}
& rerr- )] Aake] 28 EAlo] HaFsledo}r 3
o} IsoBOC #-=413} 9189 ¢ xddE iong
miz 3205} 220004 jong EQ18F & m/z 1359} 149
A 22} 6719 iong FAl A3l .om, TBDMS
H 243} uSA = miz 3348} 277404 iong F
Q8 & miz 2635} 249004 77t 6719 ion& &
Al A eFsli o} (Table 1).

dat o uE

B A 11F sllsFel 9gt isoBOC F-=A4]
3} TBDMS $-=A¢ GC/MS 2473 7= (Fig. 1)
o] B A+ o] (7 5, 2002) isoBOC
=4 B3 TBDMS $24 2 BAuge) 2
$ 27 1~50ppte} 3~50ppte} 4z mghH <l
AFEANTAZ VAT lon, deqedl 93
A AFZ=E4)A] (electron impact, Elel] 23 A=k A
HeHd2 isoBOC F=A¢l 7% alkyloxycarbonyl
27 HelA 3 F, s we] S benzylic 9]
28] 47\ deld Uzt olfel 7% ionow
veldt} v, TBDMS $=4181 Ao = rert-
butyl7| ¢} 7] Wejzx] 1} methyl?]2] [M-
5717 ¢} (M-15]7¢] EAA ) iono= gt

EF $AA 82 Water for chromatography & A}
£3}e] isoBOC f-=A418 A a3}l TBDMS =
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Fig. 1. Total ion chromatograms of 11 phenols as isoBOC derivatized phenols (upper trace) and TBDMS derivatized phenols
(lower trace). Peaks identity as fellow: 1. 2, 4-dichlorophenol, 2. 4-¢-butylphenol, 3. 4-n-butylphenol, 4. phenan-
threne—d,o (internal standard), 5. 4-n~pentylphenol, 6. 4-n—hexylphenol, 7. 4-t-octylphenol, 8. 4-n-heptylphenol,
9. pentachlorophenol, 10. nonylphenol, 11. 4-n-octylphenol. 12. bisphenol A-d¢ (internal standard), 13. bisphenol A

Az EANH g 115 42 sEd AT
g AFEMTAE A Est 2 A3} Table
2028} ZFo] 3|4E-2 isoBOC f-=A| 3 £8Py
2 86.6~105.2%9°)% 2L, 33) BAA] =FHA} 10%
ouje] <33 A3E w<l HiH, TBDMS f=A)
3} BEAMup-e 97.6~484.4% 1L, 33 EA A
2FHAL 10% o)) AFg Byt o7 A%
t AMBM dFstdse] Felrseh (3 5, 2003)
AR 2F LAANRGME 2 = (100
ng/l) W9lol M E marixe) jgkos Qlste] Zhzkel
TBDMS §-=A413 ¥ H&F9 additive &72 3
g B HEH Aoz A7, AA £5E
A8 EAMAME isoBOC §=A] A}

TBDMS #-=4)3} #4ubg oz M3 F isoBOC
SEAS BARYS 23 ge Aesion,
TBDMS =43 #4uel 23 ke 2w 3t
o= st

AA) 55E Azl oM D58 B3R
B m2FEAQ vlAdE A-diee} syringe WH-E
B2 9] phenanthrene-dip¢] isoBOC =41 -5
o]-& =2 ulE 73 miz 2242} miz 18804 2z e}
yior], TBDMS §54ql A% m/z 4533} miz 188
oA A vpepydtt. o] 5o Wi 2FEA 7 peak
WA vE AAkste AA A< ﬁl—n—%—% 273}
isoBOC =43t #A v 852~118.7%2] 2
5 dglow, TBDMS fr=A42 FAYEL 86.0

N
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~978%% 7Zt7re] §-=A|3 EAHPH-2 ppt (part
per trillion) $2%&ol|A] X% US EPAo|A HAT3}
85% ©1AFe} 34&-& B (Table 4).

HEFe AFEME Jsld 449 g

Table 2. Recoveries and limit of quantitation for alkylphe-
nols, chlorophenols and bisphenol A extracted from
reference water samples using GC/MS-SIM

Limit of quantitati
Recovery (%) on (gpt)
Compound isoBOC*  TBDMS"
‘?f;o nd) (Gred) SOBOC TBDMS®
2,4-dichlorophenol  93.8(6.8) 97.6(10.3) 6 25
4-r-butylphenol 87.6(2.6) 142.7(1.5) 1 50
4-n-butylphenol 92.2(8.3) 102.4(3.8) 2 13
4-n-pentylphenol ~ 88.6(2.8) 104.0(3.2) 1 3
4-n-hexylphenol  101.3(4.7) 107.5(2.8) 1 3
4-t-octylphenol 86.6(3.9) 110.4(5.3) 1 13
4-n-heptylphenol ~ 88.0(5.7) 116.0(4.7) 1 25
pentachlorophenol ~ 95.0(7.8) 484.4(11.3) 6 25
nonylphenol 95.1(8.2) 119.4(2.6) 50 50
4-n-octylphenol  105.2(5.2) 97.8(5.5) 1 3
bisphenol A 93.0(4.1) 107.1(5.4) 2 3

2PA agueous spiked with atkylphenols, chlorophenols and bisphe-
nol A (100 ng/1)

“limit of quantitation for phenol-0OisoBOC derivatives
limit of quantitation for phenol-OTBDMS derivatives
2bed] S, : phenanthrene—dio

10~400ng b3l A 5 point®] AXAAE Falgo
o, o] 7} 3329 ion chromatogramoll A e}
'} peakst W RxEFEA< phenanthrene-di o)
peake] WA vl2 Jephle] FHaxeHeoz A
=& zHAske] Table 3oﬂ A19]t}. Table 304 B
=ol, 8 s=ldA 2E #HEFE isoBOC F=
A3} EAoub -2 0.9717~0.9995 o]l o™, TBDMS
SA 3} 2L 0.9842~0.99800.2 F 24
W 2% F33 AAE By

9 AR S fEve 57 HEAg olutE
FEE A 8ol AE3te] AL 23} (Fig. 2, Table 4)
229 %R 2,4-vF229E] AL dHE
A Lg Mg, AF, AT} AFAH L olgE %
E ZFeA ?rﬂ &84 oles ZE¥ b,
HelF2 =28 45, dA3 AF AY99| oiv}
E9 $REEAMT 4 AETA o) A
Boiel o)ed AAAM 2, 4-HEF2 2

’E“
AeAAA GaiFA BAHE FRaHAER)
AFHE Ao YA=e B, Aehga e

N

S A g Sl 9 el
oz A7, isoBOC =413 F4u
TBDMS =413t FAue] A3 ghe] zpo]
TBDMS =43 EAupPH2] matrix9] 7}*,;]0
A% 42H 23 grow A7Ee U

3ol A4 A ez ol e 3}

o R <P R N
ofl
o°"

Lo

Table 3. Linear regression analysis of relative response against relative weights of phenols as isoBOC and TBDMS deriva-

tives
isoBOC TBDMS
Compound Regression Correlation Regression Correlation
ompou line® coefficient line coefficient
m b r m b r
2, 4~dichlorophenol 0.0003 —0.0054 0.9717 0.0004 0.0049 0.9978
4-r-butylphenol 0.0015 0.0027 0.9920 0.0006 0.0011 0.9922
4-n-butylphenol 0.0009 0.0013 0.9961 0.0012 0.0017 0.9885
4-n-pentylphenol 0.0014 —0.0012 0.9962 0.0018 0.0030 0.9980
4-n-hexylphenol 0.0016 0.0011 0.9995 0.0017 -0.0066 0.9938
4-r-octylphenol 0.0022 —-0.0114 0.9863 0.0034 0.8175 0.9980
4-n-heptylphenol 0.0012 —0.0055 0.9915 0.0016 —0.0096 0.9945
pentachlorophenol SE-6 -7E05 0.9833 0.0003 0.0042 0.9922
nonylphenol 0.0004 —0.0034 0.9931 0.0007 0.0075 0.9842
4-n-octylphenol 0.0016 —0.0106 0.9888 0.0012 —0.0062 0.9905
bisphenol A 0.0020 —0.0344 0.9774 0.0013 —0.0148 0.9918

“m=Slope =relative mass response=mean peak area ratio of phenol X mass of [.S./mass of phenol; b=y-intercept; r= correlation coefficient

Calibration range; 5 ~400ng
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Fig. 2. Total ion chromatograms of the extracts of tap water samples after isoBOC derivatization (A) and TBDMS derivati-
zation (B). Peaks identity as fellow: 1. 2, 4-dichlorophenol, 2. 4-¢-butylphenol, 4. phenanthrene—d,o (internal
standard), 7. 4—t—octylphenol, 9. pentachlorophenol, 12. bisphenol A-ds (internal standard), 13. bisphenol A

Table 4. Concentration of target compounds in tap water samples and recovery
isoBOC* TBDMS®

Compound - - - -
Ref. Seoul Wonju Daejeon Daegu Jeonju Ref. Seoul Wonju Daejeon Daegu Jeonju

2,4-dichlorophenol ~ ND? 23.9° 228 ND 313 245 ND 188 194 ND 277 211

4-t-butylphenol 15.5 ND 17.0 17.4 15.2 ND -t - - - - -

4-n-butylphenol ND ND ND ND ND ND ND ND ND ND ND ND
4-n-pentylphenol ND ND ND ND ND ND ND ND ND ND ND ND
4-n-hexylphenol ND ND ND ND ND ND ND ND ND ND ND ND
4-t-octylphenol 108 ND 132 ND (8.3) (8.9 173 ND 194 ND 1.5 119
4-n-heptylphenol ND ND ND ND ND ND ND ND ND ND ND ND
pentachlorophenol ND ND 703 325 ND 286 ND 835 1120 93.0 202.0 1066
nonylphenol ND ND ND ND ND ND ND ND ND ND ND ND

4-n-octylphenol ND ND ND ND ND ND ND ND ND ND ND ND

bisphenol A 21.1 250 360 36.3 213 176 21.1 26.6 445 36.7 215 177
recovery (%)* 852 976 1133 1187 1019 958 87.4 86.0 925 87.9 949 978

“*S. : phenanthrene-dio, “*A aqueous sample spiked with bisphenol A—dis (1 ug/l), ‘Ref. : reference water sample, °ND : not detected,
*Value : ng/l, '~ : matrix peak, #1.S. : bisphenol A-djs
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