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ABSTRACT

Eleven phenols including two chlorophenols, eight alkylphenols and bisphenol A were derivatized with
isobutylchloroformate to form their isobutoxycarbonyl derivatives. Standard phenol mixture was concentrated
for the isobutoxycarbonyl (isoBOC) derivatization and analysed by gas chromatography/mass spectrometry
(GC/MS). The recoveries of the derivatization method of alkylphenols, chlorophenots, and bisphenol A were
calculated by gas chromatography/mass spectrometry -selected ion monitoring mode using two work—-up
methods for comparison; shaking and heating method. The linear detector responses were obtained in the
concentration range of 5 ~400 ng, with correlation coefficients varying from 0.9755~0.9981.

Recoveries of the alkylphenols, chlorophenols, and bisphenol A were determined by gas chromatography
/mass spectrometry —selected ion monitoring mode using two work —up methods for comparison: the US-EPA
method and the isoBOC derivatization method. Eleven phenols in water samples were extracted with
dichloromethane and then concentrated. Also, solid-phase extraction (SPE) with XAD-4 and subsequent
conversion to isobutoxycarbonyl derivatives for sensitive analysis with the selected ion~monitoring (SIM)
mode. The recoveries were 85.1~109.9% and 90.3~126.6% for the US-EPA method and the isoBOC
derivatization method, respectively. The method detection limits of bisphenol A for SIM were 0.732 ug/l and
0.002 pg/! for the two methods above, respectively.
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HAeFe A4 Helr A
v AR 34, AR 3, A4F AL Az
A, 283 AE FH 5 Sk FAHAA FALE
2 A7 = 32, ARBAAAZ} Adel] /&5
o] FaHAA HEF7t YAV = 3, &4+
b fa &5 9 AFA A F e A (Alkyl-
phenol compound, 2001). o238 H&Fr A
Fod) 718, 915, 78 0 o8 T

% 7% $4¢ Yodlt £ o AxF T
‘41-1—71] Zof B2 (endocrine disrupting chemicals,
EDCs)2 A" 1129 SefE 37 F %
Sol &8 QA $UE Bl Al B
2 bgstol o 4 9 Bay) HAAeIH 4 A
2] (fetal sex determination)ol <33& Fa|z} &4t
53 )o}(Quill TF, 1999).

JeEe, $44 7 lwd YUY 439 2=
2oxFe) 439 Uz B 9 259 o)
=55 =@she 1159 =52 3 3305
A (US environment protection agency, EPA) 2 X-E]
priority pollutants ®F= 1 31321} (US EPA,
Water Quality Criterior, US EPA, 1976), 3 »l&
= A9} 9= = penta-ol|A] nonylphenol 3}
2,4-dichlorophenol®} pentachlorophenole] j-£-H]
Azl zhgo] slgol wwslwAl vy A )
2= Agse) B 2do] wolxm Uk
US-EPASIAE 1139 slxel 264 % =7}
Sugl W7 =S FASARer) 8 4
FAAANME WER AN ER R 7 G
7, Eg.inﬂ =79 wAH® AX 001 g/l (=
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He-2 10pghkg) el izt H=F FA o] A3
o} (SPEED 98/JEA, 1998).
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Bl 3 AAHA

Vol.17,No. 1

matography (GC), (Herterrich er al., 1991; Weber,
1992; Ballesteros et al., 1993; Kumar et al., 1993;
Cooper et al., 1994; Pendergrass, 1994; Turnes et al.,
1994) high perfermance liquid chromatography
(HPLC), (Lee et al., 1993; Niwa, 1993; Ruana et al.,
1993; Schmidt et al., 1993; Lamprecht et al., 1994;
Achilli et al., 1995; Galceran et al., 1995; Lu et al.,
1995; Landzettel et al., 1995; Pocurull et al., 1995;
Pocurull er al., 1996) GC/mass spectrometry (GC/
MS) (Lee et al., 1989; Boyd, 1994; Heberer Hdhl,
1997) 9 LC/mass spectrometry (LC/MS)7} (Huang
et al., 1990; Yergey et al., 1990) @o] A&-5 ]3]
o}t o] EAWMY % HPLC #4943} capillary
electrophoresis (CE) Aub 2 Al&d 4 gle=
o] EAbo] AlgtF o] glomz, Fz US-EPAoIA
A4 1% #HEesd ""‘—_“"—_ Ay e] L

=3k GC == GC/MSY 7A-$ Hallso] 53
71]%“3 2 ﬁ‘“é«l AHgoz ‘:PJ%} iﬂl = e
F eme HT i 46 ‘é

o AHESIAT o}, GC $HL B IS
Azl s B4 2AE Smede g #4
ol 23] WA peakE 293ke 4= flom
2 FHT 5o A3 A W A= BEAMHoz
GC/MS A8 o] A55 3 gl

GCMSE o|43te] HEF/E EAM317] A3l
= HEHFE 2% Fo GCE2 EMF 9, 5=
9] -OH7|8| q¥oz wj$ F& Ftxz veh}
22 ofg 35t fxA wbge] ANEE . A
F7HA) s GCE o) 43 duiAe AHeF9
=43 wHoez #H=F2 phenolic-OHS] ¥
A4=4~8 acylation (Ballesteros, 1993; Cooper, 1994;
Pendergrass, 1994) benzylation (Boyd, 1994)3}
silylation (Heberer, 1997) 59 243 ul-2-& o]
23t ¥|5A 71572 Ase a8y 7‘]—77}
=] Autd sH=fe F=A3 s silyl &
Al 7% alcoholic -OH 715718 71A l:']i"ﬂl‘-/‘q
AgEIE WgFgony wbEe] Mg Aol Ho
Aoz F7A Agdd H4A @2 oFo W EA
peak7} 7ol viebdw} uba acyl $-=X) ¢} benzyl
Fr=AE 24T 9714 484l phenolate o]
Felz ube-S Aoz QAo o A
Bt ofgt FlEfel 2ARFH IHE AT
qle} (Boyd, 1994; Pendergrass, 1994; Heberer ef al.,
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1997).

AN AN AR 4T A7e zHHe
2 Ag317] s E= trimethylsilyl (TMS) §-=4)
9] @& ¥.93l, acylation} benzylatione] wh
e 322G 5 Yt Aze FEAS Po] )
HkEojof 3} T, phenolic ~OH 7]%7]o| 7t A1¢)
Aoz ¥h$slE= isobutoxycarbonyl (isoBOC) &%
A 2H o] (Kyoung—Rea Kim et al., 2000) o]n] ®H.1
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1152 Se7s dAoz 712y 4 248
F37] ko] A Lxeh AE 2A 0,
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Kim et al., 2000) 7+&H & wlmstedeh o2 A A
A FA ubg 27& ARS8l 5~400 ngol A
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1. Al

B g A4y TE fuli= IT. BakerA}
(Phillipsburg, NJ, USA)9] A{F F-oF BALS A}
L3l om, 24 A B4 959 2FEAF U
FEFE3=2 A3 phenanthrene—dio?} bisphe-
nol A-dis¥= Sigma-AldrichA} (Milwaukee, WI,
USA)2HE F3steich. 4-n-Hexylphenol & 4-
n-heptylphenol-2- TCIA} (Tokyo, Japan)$} AcrosA}
Belgium)ol 4| FYsai}.

#x A3} A| k2 isobutylchloroformate (isoBCF)
2AL AcrosAl (Belgium)2XE] Fesidoen,
triethylamine (TEA), H2SO4, Na;S048} NaCl:e

Junsei (Tokyo, Japan)oll A F-¢8}ed A}8-3}4i}.

2. g EF A { HF EFAY =

GCMS A4 1159 dy 2FEAE 445
Img/mle] ¥%7} S| & o EYEH L34
A QA BE F A4 ool Gy
Az HAHAA SOpg/ml =9 Hy EF 23
448 A BELYLE 0°C o819 P55
el B3 HA AL-8-8}9dc}. Phenanthrene—d o3}
bisphenol A-dis= 1 mg/mle] =7} H 28 ol
EUEde &3iAA A& wE F, 44 100
ug/mi} 50 ug/mle} Fxr7} HE2 ol EU =Y
of SAA HE ZFH oz ALY

3. isoBOC fEA| gy AlH

1) & 4t (one-phase), & | (one-step)
isoBOC a5t 2y (Ft2W)e| 2xst Mg
Hzg 3Es vzt 2=l 1 ml reacti-vial
(Pierce Co., USA)el| TEA 40 18 A7}sh 3,
®FEA phenanthrene-dio & 1 pg J7Fs oF-2 o
T £ 254 S0ug/mls 6ul T F Aav)
28 ool w2U) o uz 53T o,
o} Al TEA 30 W& %713 & isobutyichloroformate
20uls H7Hgto. o] £9E 40~250°C7Hx =4
& 4 9)E= derivatization reactor (Pierce Co., USA)
oA ¥ 7Hde Be ALdM A F GOMS-
SIM (selected ion monitoring) 2.2 F-A3}eid}. 7}
A Mez el Lxe DS dopur)
93le, 11% A= H3}e] 30°C, 60°C, 100°C 1
93 120°ColA $o} AT 2 AR F, 2
7y 304, 603, 1208 18j3 2408 7bH o= s1g
gted isoBOC uH-g-A] H Ao 2w} A7he 2A}
sl

(eI o AL @ CH| isoBOC REH|5}
gy (Vt2E)e Hjw Mg
(1) o] A(two-phase), o] 27} (two-step)
isoBOC fr=A4j 3} Hid (&) A ¥
agoez z3HT 05N HSOZ pH2Z =3
g pH2 S/ ImlE F70] e 15ml Alg
(I12x12mm)el] Yot sy EF 2FLY 50



40 KOR. J. ENVIRON. TOXICOL.

ug/mlE 6l #sted pH2 F-5-< 1mlel]l 73
IsoBCF (5 ul)$} TEA (20 u)7} 718 o] 3psks
1mlg A7kt A3 108 5 7|2 A

$A170th 5 M AR EE £4E AHSSle]
pH 2 %58 pH8Z &3 F o4 10% T
Aed7) 2 AFGsA WAl ihge] h2d o
& olustazng skl Bz 291 Wi
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Co., USA)s| TEA 40l A718 % A2rlAs
Bolydo] T of 40ulZ ¥FT F, T4
TEA 30 ul& #7}3} ©}2- isobutylchloroformate 20
uls 718t o] 8-S 40~250°C7HA] =X &
2= 9]x= derivatization reactor (Pierce Co., USA)]|
Y3 100°CellA 1A]12F Fob 713 ohg Al
A Al R FE2 2 ARS8 phenanthrene-
dio £ 1ugs 715 &, GO/MS-SIM We=s
A},

AR HYe 4 Bz 2F5EAS EYR S
N AR S =F éf‘&%(s,zo 100, 200, 400 ng)
< ql'—taz—ﬁ‘;} O] J?a .L ‘rrEZ]ﬂ- Ho]‘t"j
7}edo] weal isoBOC $-=A3s5tn WREFE
A2 2143 pheranthrene~dio £ 1ug® A7z}
3l & GC/MS-SIM h o 2 BAM3sled Algw 7
AFAE dodt

i

1) US-EPA SA{u1 A3
US-EPASIAl TAIT $Ae aln)-ola) 2
Za oz 05N H,SO.E pH 2= AT 33
275 Alg 24 SHE 2 25U Sugls A
Z¥stz, R EFEx 2] bisphenol A-djs £ 1
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ug/le A7 e FAs Egea 1 % 1E
o e £33t NaClg E3AIZ & o
A3letA S0ml2 A H FEsle] A FEY

£ T ZgtaFe| mow FEMo] TEA S0ul
T A F A AYI)E Agstel o
smiz FEatelc 228 539 As WA

Ne gHlzz FE g vpfE 2] 1ml reacti-vial
(Pierce Co., USA)oll TEA 70ulE 713 & A4
Hag wel Wol 35& shuAl §715 o 0
2 2 Az F, o] 8N ethyl acetate 20 pul
2} 0.1 pg/ul®] phenanthrene—d;o 10 ul 2 743+
o4 gAe 1 e GOMSH FUsted $H3
At 24 % als o 28 ¥]7} bisphenol Al
gl s HEHE SN AL BBl W%
2 %% d99¢ 4 QS Azte 7
9] 3a} ZF4 200 At A

2) OxAla FEuY M

ol olE 119 338 2F4 ARE oEvE
g 20ml, Weke- 20ml, =74 20ml,pH 2 & 20
mlzZ A3 0.5g XAD-4 A (I.D.: 12x150
mm)el| B 05mle) $&Eoz EANF 5 9e2
3. B4 B2 aAA 25 AA] (solid-
phase extractor (Supelco, Bellefonte, PA, USA))E
o]4-3led, XAD-4 AAFE ¥ AF e (120~
250 mm Hg)2 39 $£8& A 10 24
Az hag Bol FUA e $1g 23 A
AN fg-o] AT XAD-4 o] ol E]
EZ 3mlE 587 AAAZ] F, £ 05ml ¢]3}
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£l 328 F,isoBOC 2415} g}

Phenanthrene—do 1 pngsE Hrl F, 89 1uls
GOMSel Fsistel $AsRAT) =3 ST Te)
ol A uhF<4 Al8ol bisphenol AS 7|&
22 Als o A7t 5 AR He s=274 A
& iEstd, HE £ 2E 49E 34 (006
ug/hste Eeldal TR WHS AR 104
Al oA FEUE A 229 F,
7Fdd] wel isoBOC $-%4)3}3 & phenan-
threne—dip 1 ugE A7}sled 2+7r 7702 AA) £3)
AYA TR R4 AnE AWsA

PA A S 32} 274 1) Hlw

>
=
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o, dlo
ﬂ}I.’,
N
N
o
£
K
‘_).L_:'
o
A
i)
of B

X FEA 2 ALML-3F phenanthrene-do
49 lpugs HA7HE F,GOMS-SIM ez &
Astedvt =3t is0BOC H-=43 EAup -2 33}
255 1) HE £3 23289 2ues A7behe
TAA Fzuos 22 & s wlel iso-
BOCH=4 W& 7 F WrzsEEde A4
gt phenanthrene-dig 294 1uge FHr}sle] GC/
MS-SIM uby o 7 BAgigc)

7. 847171

1% #He7g 24387 38 GC/MSZE HP-
6890 plus 7]A] zm=zvix1=e} HP 5970 MS
Chemstatione] QA% 5973 Network A 854 7]
(Agilient Technologies, USA)Z FAAHAA 78
AHg-8td et GCMS 4 98 232 DB-5MS
cross linked 5 % phenyl methylsilicon fused-silica
capillary column (30 X 0.25 mm I.D., 0.25 um film
thickness)& AHg-3hed, o] &7 M AAshedch
2 2EE ALl 60°CellM 1% 53t #EA

133 10°CH 28 280°C7lA] &8]a 20

ot MEA 3k

AR 1WE w2 (splitless) FUHE Ar4
(purge delay time 0.7%) 3l t}. $u7|Al = &
F(99.999%)& A3, 4L 09 ml/mins. &
AFEGoh g FY7Y 25, 94 BE9 x5,
o] & ¢ Lx= ztz} 270°C, 280°C,200°Cz 2
355,

ol 23 A& 10eVE Fete] HY AFE 7}
A= o]k Aelsle] 7] &b W (selected ion
monitoring, SIM)& A}-£-3le] BAIsledc). SIM u}
YolA AR olese 7 sre] B4 o)
& AdssiE, ol g0l FuE Felrl S5 o
Z A]7} (retention time)o) Wl 47)2) 180w
o] 73 Aslgdnt. Table 12 SIM wb¥olA] AR4-

&
x

[0l

gAY ol 5 A
Table 1. Selected ion groups for phenols in SIM mode
Time range (min) Selected ion (m/z)
Compound

isoBOC EPA isoBOC EPA
2,4-Dichlorophenol 14.00-18.10 8.00-10.80 164,162 164, 162
4-r-Butylphenol 14.00-18.10 8.00-10.80 135,107 150, 135
4-n~Butylphenol 14.00-18.10 10.80-13.50 150, 107 150, 107
Phenanthrene ~do 14.00-18.10 14.70-20.00 188 188
4 ~n—-Pentylphenol 18.10-19.40 10.80-13.50 164, 107 164,107
4-n-Hexylphenol 18.10-19.40 13.50-14.70 178, 107 178, 107
4-¢-Octylphenol 18.10-19.40 13.50-14.70 235,135 135, 107
4-n-Heptylphenol 19.40-22.00 14.70-20.00 192,107 192,107
Pentachlorophenol 19.40-22.00 14.70-20.00 268,266 266,264
Nonylphenol 19.40-22.00 14.70-20.00 320,220, 149, 107 220,135, 107
4-n-Octylphenol 19.40-22.00 14.70-20.00 206, 107 206, 107
Bisphenol A-dis 22.00-34.00 20.00-34.00 242,224 242,224
Bisphenol A 22.00-34.00 20.00-34.00 228,213 228,213

Retention time (RT) values on DB-5 (30 x0.25mm 1.D., 0.25 um film thickness) capillary column programmed from 60°C for 1 min, then

programmed to 280°C at a rate of 10°C min~!
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8. Al &

A o A, o A (7129) isoBOC =4 2}
uke- A A, isoBOC f-=4 wH-A] ey
7y vl A A Al AAae W
rugzEAz AL23} pheranthrene-dio} 7} iso-
BOC f-=A2te slezte] A gz wiAn)
£ ol &3l AAtstal

32k FF4 ARl Felddadl 3o 4Es
A golA US-EPA FAMY (B1fr=4 whi)3
isoBOC #-= A3} Zzte] EAuby &A=
US-EPA 493} isoBOC F=A43 240y
727+g AR -AH F2 F 53l M= 9
W3 AL F2 F isoBOC -f=A st 24
= dboll whet 7 3] Agstd] R EEFELd=R
AF4-8 bisphenol A~dis - ¢il ©j& bisphenol A
o] ©A vg g 7 739 HA w)e) g
®ZAR}(s5)F F3 &, US-EPA A4k uhal =
45 A4 60 9% AFHE (N 3.143& =
ZHx}oll F3 MDL=15s 4] o2 US-EPA ¥4}
W3} isoBOC §=A3} BAul o] bisphenol Aol
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“3 US-EPAS) ¥4 A2 ¥AE Fasich
33 2574 JA4g AddME HA= F R
FE2 =2 2143 phenanthrene—dios} 7} =7+

Foj ) peak WA ulE Fabod, AAe I gl

of BHT o] WelN HeEe) VrnsE

A2 A}L3F} phenanthrene-dio] 23+ peak HA

v 9} vlwsle] 34g-S AASHAS

L
o>

a4y o n@

11Z9] H&Fo] 3 isoBOC f=A4¢} v §=
A (underivatived)®] GC/MS 248 ZA3}+= Fig. 1
7} Table 29} 33} 7t} Fig. 164 B %o GC/MS
2 23 7 isoBOC fF=A8Hd =lsEe] ¢
33 B9} EE Mol ¥bd, vfxAQ A
% w9 e zleel Fab &gt mIEFYH A4
o] v}elytr}. &3] pentachlorophenols} n-octyl-
phenole] 2] =z ¢kg}.ow, pentachlorophenols}
bisphenol A®] 7 GC9 FF =x HIAA
FatEe] wj$ ¥ ZeE B Fo (Herterrich,

30000 678 11
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b} 2
g
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2 3
< 15000
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@
(2]
(=]
-]
h-}
=
2
< 15000 4
2
=
3 7
) NER S V- SN
o~ N
10 20 30
Time {min)

Fig. 1. Total ion chromatograms of isoBOC derivatized phenols. Peak identity as fellow: 1. 2,4-dichlorophenol, 2. 4-¢-
butylphenol, 3. 4-a-butylphenol, 4. phenanthrene-dio (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.
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Table 2. Gas chromatographic and mass spectral data of phenols as isobutyloxycarbonyl derivatives of phenols

GC
Phenolic RT Mass spectral data
compound (min)
DB-5 RRT M)+ [M-1001+ Other ions
2,4-Dichlorophenol 15.29 0910 262 (0) 162 (100) 166(11) 164 (65)
4-1-Butylphenol 1590 0.946 250(4) 150 (28) 135(100) 107(15)
4-n-Butylphenol 16.67 0.992 150 (46) 107 (100)
Pentachlorophenol 20.12 1.198 364 (0) 264 (62) 268(64)  266(100) 270(20)
Phenanthrene—do 16.80 1.000 188 (100)
4-n-Pentylphenol 17.78 1.058 264 (3) 164 (46) 107 (100)
4-n-Hexylphenol 18.86 1.123 278(1) 178 (53) 107 (100)
4-t-Octylphenol 19.26 1.146 306(2) 206 (1) 235(37)  135(100) 107(13)
4-n-Heptylphenol 19.90 1.185 292(3) 192(57) 107 (100)
Nonylphenol 20.01 1.191 320(1) 220(3) 121 (100) 107(36) 263 (30)
2021 1.203 320(4) 220(9) 149(100) 135(86) 121(60)
20.30 1.208 320(1) 220 (6) 135(100) 191(15) 107 (10)
20.40 1214 320(3) 220(7) 121(100) 177(90) 107 (68)
20.66 1.230 320(2) 220(7) 149(100) 191(61) 107(67)
4-n-Octylphenol 20.88 1.243 306 (2) 206 (65) 107 (100)
Bisphenol A-dj¢ 31.20 1.857 442(2) 342(5) 242(15)  224(100)
Bisphenol 3142 1.870 428 (1) 328 (6) 228(17)  213(100)

Retention time (RT) values on DB~5 (30 m X 0.25 mm 1.D., 0.25 um film thickness) capillary column programmed from 60°C for 1 min, then
programmed to 280°C at a rate of 10°C min~!

Table 3. Gas chromatographic and mass spectral data of intact phenols

GC
Phenolic RT Mass spectral data
compound (min)

DB-5 RRT M1+ [M-100]+ Other ions
2,4-Dichlorophenol 8.57 0.510 162 (83) 164 (62) 75(18)  73(16)  63(100)
4-t-Butylphenol 10.27 0.611 150(27) 135 (100) 107(66) 77(22)
4-n-Butylphenol 11.23 0.668 150(25) 107 (100) 77(28)

Pentachlorophenol 16.71 0.993 264 (65) 266 (100) 268(56) 270(19)

Phenanthrene-do 16.82 1.000 188 (100)

4-n-Pentylphenol 12.63 0.751 164 (23) 107 (100) 77(23)

4-~n-Hexylphenol 13.96 0.830 178 (22) 107 (100) 77(19)

4-1-Octylphenol 14.53 0.864 206 (8) 135 (100) 107 (37)

4-n-Heptylphenol 15.24 0.906 192(23) 135(9) 107 (100)

Nonylphenol 1542 0917 220 (4) 192 (15) 163(15) 135(16) 107(100) 73(22)

15.58 0.926 220(10) 177 (24) 163(34) 121(84) 107(100) 77(13)

15.70 0933 220(10) 135(100) 107 (54)

15.79 0.939 220(20) 191(32) 149(51) 135(58) 107(100) 77(14)

1592 0.946 220(19) 191(22) 149(49) 135(86) 107(100) 77(20)

16.04 0.954 220(12) 177(16) 135(100) 121(42) 107(88) 77(10)

16.14 0.960 220(6) 177(16) 149(48) 135(33) 107(100) 77(13)

16.26 0.967 220(3) 177(1) 149(13) 135(100) 107(58) 77(11)

16.35 0.972 220(5) 191(14) 163 (8) 149(77) 135(50) 107 (100)
4-n-Octylphenol 16.49 0.980 206 (20) 192(12) 149(16) 135(13) 107(100) 77(14)
Bisphenol A-d,s 20.75 1.234 244(0) 242(25) 224(100) 143(26) 128(23) 77(21)
Bisphenol 20.78 1.235 228(18)  213(100)

Retention time (RT) values on DB-5 (30 m X 0.25 mm LD., 0.25 pm film thickness) capillary column programmed from 60°C for 1 min,
then programmed to 280°C at a rate of 10°C min~!
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1991; Cooper, 1994; Pendergrass, 1994; Turnes,
1994).
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Fig. 2. EI mass spectra of isoBOC derivatized phenols. (A) 2, 4-dichlorophenol-(0)isoBOC, (B) 4-¢-butylphenol-

(0)isoBOC, (C) 4-n~butylphenol -(0)isoBOC.
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Fig. 4. Effect of reaction temperature and time of isobutoxycarbonylation at 30°C and 60°C.
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Fig. 5. Effect of reaction temperature and time of isobutoxycarbonylation at 100°C and 120°C.
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Table 4. Detection response of phenols as iscbutoxycar-
bonyl derivatives by heating and shaking method

Vol. 17, No. 1

Table 6. Concentration of target compounds in an effluent
sample from a plant producing polyethylene

. Heatin Shakin
Pll?)r:g:)lgun d methog methotzig AofB

(A) (B)*
2,4-Dichlorophenol 1.58+004 1.83+005 087
4-t-Butylphenol 620007 5.18+£009 120
4-n-Butylphenol 422+£009 3424012 124
4-n-Pentylphenol 292+003 248+0.12 1.18
4-n~Hexylphenol 300006 250+£006 1.20
4-t-Octylphenol 3.72+006 328+0.14 1.14
4-n~Heptylphenol 2474015 163+006 152
Pentachlorophenol 0891001 1.18+£005 0.5
Nonylphenol 041001 034+002 1.19
4-n~-Octylphenol 266+005 200004 133
Bisphenol 197+£0.10 1.03x£0.02 1.03
Bisphenol A-dye® 106+£005 187+£002 105

» A aqueous spiked with alkylphenols, chlorophenols, bisphenol A

(Gug)
21.S. : phenanthrene—dio
b A aqueous spiked with bisphenol A-die (1 pug)

Table 5. Linear regression analysis of relative response
against relative weights of phenols as their iso-
BOC derivatives

Regression linea

Phenolic
compoud m b -
2,4-Dichlorophenol ~ 0.0004  -0.0082 0.9943
4-¢-Butylphenol 00016 -0.0164 0.9979
4-n-Butylphenol 0.0015 -0.0340 0.9909
Pentachlorophenol 0.0001 0.0026 0.9958
4-n-Pentylphenol 0.0013 -0.0134 0.9949
4-n-Hexylphenol 0.0013 0.0463 0.9902
4-+-Octylphenol 0.0015 0.0508 0.9900
4-n-Heptylphenol 0.0012 0.0479 0.9981
Nonylphenol 0.0010 0.0609 0.9931
4-n-Octylphenol 0.0013 0.0289 0.9755
Bisphenol 00011 00124 = 0.9968

2 m = Slop =relative mass response = mean peak area ratio of pheno!
X mass of I.S. / mass of phenol; b=y-intercept.
Calibration range; 5 ~400 ng

oy A2he ALg Y719 Felut mel] s
WA g AE WA Fe FI) $isted Us-
EPA A 1A}l EAup HZE 4] (method
detection limit, MDL)E& o] 8-8} 3z} &F, &
go"al 3 ubFael didte Ags ®oid

2 AR 5 bR FRRm ol

Compound
R RT identity Comment
i a4
isoBOC 1926 4-t-octylphenol ~ ND

20.21,20.30,20.40 nonylphenol ND

AND; not detected

bisphenol AZ- M3t ¥AubY HE WAE T
i & A3} 33 2R A=l B A%

AL US-EPA 2AbE<l A9l 0.732 pg/l
Ql ¥bH isoBOC =4 2Aupyel A Lo=

0.002 ug/l2 3008 o]Ae] ¥ =T Hgjon,
dE ZAA FA 001 ug! o3k £HubY 7
FHAE 2*E & UL 218HER, HfEAR
FA3= US-EPA BAHIH L o o]Ake] 37 A
Z HER AN EAD EHo) AT £ 9

o] isoBOC f-=A43} FAubyje] wte} vixﬂi}ﬁ}
of A £ A 1% dedi 25t As o
A& H] 3:1 |3}l 4] RS R} (Table 6, Fig.
6). =3}, isoBOC f-=3 EAubde] ojgt =g
2ol 23k o3k wyAl Ee odd FA whR
100 HEe 2F EF A9E Hrskd 2AE
2 isoBOC f-=A3}3le MUY & A E
Fshe] 2 A3} 0023 pg/lE 33 285 B} 10
W AE £ ABE 2T o)Re HdHoes
phenolic ~OH group?t %}F-2-8}%= isoBOC 4= 4| 3}
2ol o) o2 34 $F4 3 e B
A3t wresed 7 24 doly 29 2F AR
AA A7) o= isoBOC f-=43F &= 2
B[ A Hx}eko] =HA] &A= isoBOC &
=A 3 EAYe] uksl B s =A ¥
< Aoz Audn.

g A2 ERuA g deial 11F
2] &l s}ed pentachlorophenol?] Ao %
Lyt 31 A=ER Vo 2 §x43 3
A] ¢k US-EPA HAHPHY AL 10ug/l 35
A 3hed 27, isoBOC 5413 wuhﬁ > 2ugl
ez AAsgch G- 22 F FEA
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Fig. 6. SIM chromatograms obtained from an efflunt sample of the polyethylene plant after isoBOC derivatization. Peak
identity as fellow: 1. 2,4-dichlorophenol, 2. 4-t-butylphenol, 3. 4-rn-butylphenol, 4. phenanthrene—d;o (internal
standard), 5. 4-n-pentylphenol, 6. 4-n-hexylphenol, 7. 4-t-octylphenol, 8. 4-n-heptylphenol, 9. pentachlorophe-
nol, 10. nonylphenol, 11. 4-n-octylphenol, 12. bisphenol A -d¢ (internal standard), 13. bisphenol A.

Table 7. Recoveries of alkylphenols, chlorophenols, and
bisphenol A extracted from water samples using

GC/MS-SIM mode

Phenolic Recovery (%)
compound EPA= isoBOC®
2,4-Dichlorophenol 85.8+0.6 96.0+20.5
4-¢-Butylphenol 953+39 1192+130
4-n-Butylphenol 98.7+£113 1153+13.1
4~n-Pentylphenol 992+134 1106+29
4~n-Hexylphenol 8514297 126.6+252
4-t-Octylphenol 95.7%25 95945
4-n—Heptylphenol 878+176 1049%6.1
Pentachlorophenol 87.3+8.8 90.3x22
Nonylphenol 8944209 934453
4-n-Octylphenol 109.9+16.3 98.6+8.7
Bisphenol A 9374248 1059+17.1

* A aqueous spiked with bisphenol A (10 ug/l)
¥ A aqueous spiked with bisphenol A (2 pug/l)
20 1S. : phenanthrene-djo

isoBOC -f-=4] 33t ¥Muby]& 34§
¢ke US-EPA ¥
A 5
A28t 85% o] A}

2 %
903~1266%2 §=A 3 3}x &
Aubdy ¥} isoBOC =43} 3t
vl 32 =weA] US-EPAC) A
2] 3488 R4t} (Table 7).

4 £

2 A7 Az JEE isoBOC f-=4 3}
B & (Kyoung-Rea Kim et al., 2000) 37 Ajs
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o Agstual stk GOMS 24 A3 isoBOC
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S FA3E) st d A € DA o)
isoBOC f-=A13} whyel ubg =9} A7kl o
g A 271 AAsA

ARE 4 A d DA (7F24) isoBOC H-=4) 2}
WS A Aol AR o] A} o] A (A
e) isoBOC =43} kg7l H&7]=2 Abg-3t
AFEA7)8 =g viws)] wodvh d A, d &
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5} uhgg 10~400ng 3= HHAA r>0992)
2 AL Jeiglel. US-EPACIA ALg-3}
2Auhy 7328142 bisphenol Aol w8} F
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