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Application of Freezing Filtration Method to the Analysis of Alkylphenols, Chlorophenols and
Bisphenol a in Korean Aquatic Biological Samples Using GC/MS-SIM

Hyub Kim' - Cheol-Hyeon Jang

Department of Chemistry, POSTECH, Department of Environmental Engineering, Hanbat University

ABSTRACT : A new technique was proposed for the determination of alkylphenols, chlorophenols and bisphenol A in korean aquatic
biological samples. The alkylphenols, chlorophenols and bisphenol A in korean aquatic biological samples were extracted with acetonitrile and
then acetonitrile layer was refrigerated at -60°C for 2 hours(freezing filtration method). Also, solid-phase extraction(SPE) was used to XAD-4
and subsequent conversion to isobutoxycarbonyl(isoBOC) or zert-butyldimethylsilyl(TBDMS) derivatives for sensitive analysis with gas chro-
matography/mass spectrometry-selected ion monitoring(GC/MS-SIM) mode. For isoBOC derivatization and TBDMS derivatization the recoveries
were 70.1~150.6% and 93.8~ 108.3%, the method detection limit(MDLs) of bisphenol A for SIM were 0.062 ng/kg and 0.010 pg/kg, and

the SIM respectively. When these methods were applied to korean aquatic biological samples, the concentrations of the 11 phenolic EDCs
were 0.675~1.970 pg/ke.
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phenanthrene-dio, bisphenol A-djs2 Sigma-AldrichAHMil-
waukee, WI, USA)ZRE] 79590 4-n-hexylphenol %
4-n-heptylphenol& TCIAHTokyo, Japen)9} AcrosAlellA] T+
AT

HEA8 A2k N-methyl-N-(tert-butyldimethylsilyl)-trifluouo-
acetamide(MTBSTFA) &S PierceAHRockford, IL, USA),
isobutylchloroformate(isoBCF) &2 AcrosAHBelgium)Z#
B 79151921, NaxSOs ¥ triethylamine(TEA)&
(Tokyo, Japan)oll A F9}3ste A&kt

EJA 2 ALEF 20~60 meshe] AMBERLITE XAD-4
A= SigmarKSt. Louis, MO, USA)d| A PUstEer &4
& A7l & AT
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22. =5 MEAE MHEXH

EZ $£F AENEEE 150 A8F TYsie A8
th A4 3 4EAERE EUSE AVE AYs 34
T, A%, Az 5/ A9ez ol 7 A9 3R
Hel abd Y AA 25AH S AFFe, SV A 4
Aol BPLsA Exse Fa)TE, B, Hu], e
ez AFsPen, AAY +3 JEANRY AFF F
X Table 17} 2t RE Ag2: A38 AH HE A3A
Qo SRS 38 oY AAF T FAst ABHA2H,
ZA JERAT F, AFA F 149 opiel EMEAT

Table 1. Sampling points in the Korean streamlet and its
biological species

Z AEAE F 4QuE FREAEH vi2ds AY R

Point Species Point Species
Anyangchun Bullfrog Deachangdam | Crucian carp
Onchunchun Bullfrog Deachangdam Carp

Hadong Bullfrog Damyang Crucian carp
Hwainggujichun Bullfrog Kyoungjuchun | Crucian carp

Oupo Bullfrog Kyoungjuchun Carp

Juam Bullfrog Naju Crucian carp

Euam Bullfrog Muan Crucian carp
Anyangchun Crucian carp Muan Carp
Bukhachun Dace Hwainggujichun | Crucian carp

Kyounganchun | Crucian carp Mulkum Crucian carp

Gosan Bullfrog Nakdong-hagu | Crucian carp
Myoungchun Bullfrog Musimchun Crucian carp
Gangneung Crucian carp Buyeo Crucian carp

Euvam Carp Onchunchun Crucian carp

Namkang Carp Myoungchun | Crucian carp

Namji Carp
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1129 Az URuAZEd &
mLe) 557t HEE oHEUEZY &HAA RS TE
5 Z}zbe] QadA AAFAE FHEL FHAAA 50 pug/mL
59 HEsAd YEAAZNER EF ZELEAS 2AER
th B2eAL 0°C 05 ¥EIe] RBASEA AR
Phenanthrene-dio@ W2#%E A-die 1 mgmLe =7+ &
T2 oM EYUEZY &HAA 4L TE F 47 0.1 mg/
mL$ 0.05 mgmLe %57t HEE oM EUEZ &3
ANA WEEFEA0E AT
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EE $2 AEANEQ 1T A 40 gofl Fsd HER
AR 22 =% EEEN 015 pg/edt 35 FFE& UF
B389 v2dE A-de 0.05 ug/ga‘ Egaaen, 44 ¢
Z AEABIE H2HE AdisTe 0.05 pgg EFEHA AL
33tk 5 BEAE) 20 g -‘?——’F i YERS IV
% ol EUEY 100 mLE 2087 £ ¥ 23% F&35A
. IHEUEZ 28 FX o] -60TA 2417 ¢ Y5~
A oL, ALoA 58 HXF & oHEUEE F& AF
Zolz AYch oMEUEZ F& TEA 100 pL A7HsE #,
40ColA 2% 2718 A8std 12 s, AFEE pH
2 B 10 mLe =49t oEUEYE, fag, n-d4l, F
4 pH 2 B 747 20 mL2 A|EF 0.5 ¢ XAD4 ZHA £
95 mLe §50% pH 2 B 10 mL7} B3 & =S
gk 271 B¢ & a4 FF A [solid-phase ex-
tractor(IST, UK)|E o] &30, XAD-4 AHE ¢ ge xZ A
Bj(120~250 mm Hg)Z #FFY 8¢ AAST F, 1027
Ak 7tAE B FHA A FEE SHI] AANAG F
Bo| AAY XAD-4 A n-H3F 20 mLE EJJMP% wa
0L HEUER 3 mLE 58T AN F 0.5
mL °)39 £E8 &AM o 232 13 E’}E-o}ﬂ o}
AEVUEY 2 6 mLS 7235 EFF £ oA 3 mL’él
Z+z+ BF 3o isoBOC FE=A438 uL2 ]E.Q} TBDMS +
A v 289 AAgRLez S
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2.5.1. isoBOC R=A

79 A2 HIE AR isoBOC HEA WS I ¢
mL % 3 mLE sy HZg 39E WIE Ad 2 mL
reacti-vial(Pierce Co., USA)9| triethylamine 40 pL& F7}e
% pressure gas blowing concentrator(EYELA, JAPAN)o]]
N Az7tAE Bojgo] 55§ shEA &3t F 40 ulE
25 5, thA] triethylamine 30 pL& 7} ¥ isobutyl-
chloroformate 20 pL& A7lstdch o] &d& 5~200C 7t
A zAd <4 9le pressure gas blowing concentratorol A
00T 2 1A 5 719 e AN A% KA
9128 % 0.1 pg/ule) phenanthrene-dio 10 pLE A7IsIATH
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2.5.2. TBDMS f/=A|

99 AAE #4& AR TBDMS F=A w2 Az
6 mL % YA 3 mLE Hslo HZE 29 WIS A
J 2 mL reacti-vialo]] triethylamine 50 pLS 37} &, pre-
ssure gas blowing concentratord| ] AA7MAE Boj¥o] &

&g 9A A oF 50 L2 BE3 F, N-methyl-N-
(tert-butyldimethylsilyl)-triflu-ouoacetamide 40 uL & #H7}3
Atk o] 8948 pressure gas blowing concentratoreA 100°C
oA 1AZE F¢ 7HEE o A=A A% f=AV &
538 ¥ 0.1 pg/uL9) phenanthrene-dip 10 pL.& F718IH ok
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wele A7 A9 BY WA WEE AD F GOMS-
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2 A}£¢ phenanthrene-dio 89 1 ug& A7/ £ GC/MS-
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28. E4717]
75 AEANR F 11T A REuAZNELES
7@0]-7] 23 GC/MSE & HP-6890 plus 7|4 ZErETH
e} HP 5970 MS Chemstatione] HZAH 5973 Network 2
ZR A7) (Agilient Technologies, USA)E T4 Eo1A AL A}
£3589tk GC/MS 248 93 AHE DB-5 MS cross linked
5% phenyl methylsilicon fused-silica capillary column(30 m
x 025 mm 1D., 0.25 um film thickness)& A}-&3}o, o]
A 47 dZsArk L8 25 Agd 60TAA 1%
Bot HEA & & 129 10CH 28 280C7HA £33 20
& 5 HEA S
A& 1 pLE v 2 S(splitless) TFYHE AFE(purge delay
time 0.72) FYstAth. £ AE AE(99.999%)S A1&3
, #4609 mL/min2 SHFUT A8 FYFY 2%,
47 PR 2%, o299 2E: %7 260, 230, 200T
2 233
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AHgsted BAsETh SIM oA ARSR ol2ES 7
3389 BN 0|28 MY I(Table 4), o159 #HE=EE
=o]7] -?4'3]—01 W EE Aj7H(retention time)o] W} isoBOC
SoASE 4719 18e2 TBDMS #EASE 5719 1
oz ‘4~r°1 AA 8Tt

29. H At

AN AY, B2 $ZAE J548 2 $EAE A29A
229 Ay WA EAES WREEEER AHER
phenanthrene-dio# Zt =4 WERAZNER 79 FdH
peak WX W2 olg3] A4y, A5eT SEE ARG

AA $% ABANERY JFEL 775 AENE WF-ES
Ed 2 A}23 phenanthrene-diy BRI HlAHE A-ds H
4 29 B H2 olgad H5ee AR

210. 2Mu HE 5HA

2y AZ$A(method detection limits, MDLs)= US
EPA ¢t wat & % AEBAIER] 15 Al H
25 % Ad Bg GC/MS-SIM HHe] BNy A=
isoBOC ¢=#]9} TBDMS S=A W] &) f=As g
= A% o Z2ur 449 dzd JEAZNELd o
st 25 AEHE 5274 AL HEse] vadE A ¥
2898 Mg XE £5 PEAEQL LT A8 4
Zv] A7S ¥, &, A=A 2 GC/MS-SIM EA
st em isoBOC =4 9 TBDMS §=4 EAuby 2=zt
0.5 ng/g@ 0.25 ng/g =AM A7 78 A& EA5 A
Astgct 73 A4 249 v2dE A EEUAE T
%, US EPA ¢t A8 Ao o3 AdstAoh

MDL = fn1, 1-0099

A7NA ter, 1am0sns 99% A FTZH A Students’ ghol™, S
= ARE n-190M9 FFHARO|TH

3. 2n ¥ 1

283 74 ZUHE S 39 11F Heyd WEvRdZ
A9 BAEAY FaXol I/ Ak B AFdAME ¢
U £ AEAE F 1159 Ay R34 ELS
SAEVEZDR 253 F, 60TAAN 241 B¢ YET T
2 AEZE AZ: 2FoE IFF ApPYES AANA
th g Eo] AAR MAEVEY H& XAD4ER 1Y F
23 & isoBOC € =49 TBDMS %43 3 o2 GC/
MS-SIMo.2 AasHA 24549}

3.1. isoBOC S <A|2 U TBDMS | & & 115 H=
M IR S22 GC/MS &Y

isoBOC 8- ¥ TBDMS ¥HgolA Z7ke] #w/d Wy

AZNER HE ATE JF 282 Ay HEWAR
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Fig. 1. SIM chromatograms obtained from spiked mackerel
samples at 3 ppb of alkylphenols, chlorophenols and
bisphenol A after isoBOC derivatization(upper trace),
and after TBDMS derivatization(lower trace), separa-
ted on a DB-5(30 m x 0.25 mm 1.D., 0.25 film thick-
ness) capillary column system. Peaks; 1=2,4-dichloro-
phenol; 2=t-butylphenol; 3=n-butylphenol; 4= phenan-
threne-d10(I.S.); 5=n-pentylphenol; 6=n-hexylphenol;
7=t-octylphenol; 8=n-heptylphenol; 9=pentachlorophenol;
10=nonylphenol 11=n-octylphenol; 12=bisphenol A-dis
(I.S.); 13=bisphenol A.

NEZES phenolic hydroxyl groupe] isoBOC group =
TBDMS group2.2 HSE ATk £Ho] ALH GC =7o]
Al isoBOC =4 % TBDMS #EA € 11& =N U
EHAZNER 9 £l Fig 1004 BXo] 358 ohfjd] &
HHAT et F22d =5 peak 9) JHAY o)g2A=

Z22H 57 vaHE A9 B

48 A9 IEUEHYS 88 693

T8 =E3EE(peak 10) AT 959 sz HEWA
FRERY Fre e FEA

GC/MSE 228 isoBOC F=A4 S47F o2 AAZAHY
o 213 MS AZE Table 2o A)stgen, TBDMS &%
A 543 ol AAZHAYA 93 MS ARE Table 39
Z7r g2 s Ak

ey WEAZAEZEd A ZJZ}XEHPQ(electron
impact, EDoll ¢ F AP EFL, isoBOC F=A1 2
alkyloxycarbonyl7]7} @ojx Uzt &, @dA =9 2% ben-
zylic X9 LA717F EoA Uzt [M-100]" o] 20] 7%
ione2 b= wd, TBDMS #EAQ B-ols ferr-
butyl7]$} ¢3714 BAA Y& methyl 71¢} [M-57]" ¢k [M-15]
¢l 5334 iono] FAlY vehdth

isoBOC =419 3¢ n-gdHEe JQoIXE [M-100]
o]2 golx Uzt ¥, &2 groupo] FrHHOE WolA Uzh
miz 107 o]&o] Yette W, fer-LAME9] FPole
M-100]" o] ®ojx Uzt ¥, CH; & CsHi groupo]
AU mlz 135 o] &o] n- B3 terr- Pl we} 533
o2 Jedth

YA, TBDMS HXAQ1 B terr-butyl groupd} o 7] A
Po)A 42 methyl groupd] [M-57]"¢} [M-15]"9) 2709) &
AA2l iono2 Uehdth Z22dE9 A9 JojMEe &
A% o] peakZt FEHA Ve, &71A rers-butyl groupo]
A UZ [M-57]" ©]20] 71% ionog ehdrh

3.2 MEfo|2 ZLIE{ZI(SIM)
GC/MSAA full-screen ¥ o 2= Fnge) RAED L
AR Rk A7t 3o, A"l ZUHY =

Table 2. Relative retention times(RRT) and mass spectral characteristic ions of phenol isobutoxycarbonyl derivatives

Compound RT RRT M) [M-1001" Other characteristic ions, m/z(%)
2,4-Dichlorophenol 1529 0.910 262(0) 162(100) 166(11) 164(65)
4-t-Butylphenol 15.90 0.946 250(4) 150(28) 135(100) 107(15)
4-n-Butylphenol 16.67 0.992 250(4) 150(46) 107(100)
Phenanthrene-d;; 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)
Pentachlorophenol 20.12 1.198 364(0) 264(62) 268(64) 266(100) 270(20)
Nonylphenol 20.01 1.191 320(1) 22003) 121(100) 107(36) 263(30)
20.21 1.203 320(4) 220(9) 149(100) 121(60) 135(86)
20.30 1.208 320(1) 220(6) 135(100) 191(15) 107(10)
20.40 1214 320(3) 220(7) 121(100) 107(68) 177(90)
20.66 1.230 32002) 220(7) 149(100) 191(61) 107(67)
4-n-Octylphenol 20.88 1.243 306(2) 206(65) 107(100)
Bisphenol A-di¢ 31.20 1.857 442(2) 342(5) 242(15) 224(100)
Bisphenol A 3142 1.870 428(1) 328(6) 228(17) 213(100)

Relative retention times(RRT) :

RT of analyte /RT of phenanthrene-dj,

L OrE B OH| X 297 6, 20078 6
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Table 3. Relative retention times(RRT) and mass spectral characteristic ions of phenol fert-butyldimethyl derivatives

Compound RT RRT M]* [M-15]" [M-57]" Other characteristic ions, m/z(%)
2,4-Dichlorophenol 14.71 0.875 276(3) 261(1) 219(100) 221(74) 201(36) 183(28)
4-t-Butylphenol 14.24 0.847 264(62) 249(27) 207(4) 193(20) 169(66) 151(100)
4-n-Butylphenol 15.16 0.901 264(36) 249(2) 207(7) 225(100) 208(10) 169(12)
Phenanthrene-d,o 16.82 1.000 188(100)
4-n-Pentylphenol 16.32 0970 278(40) 263(2) 263(2) 221(9) 239(100) 169(20)
4-n-Hexylphenol 17.47 1.039 292(37) 277(1) 235(6) 253(100) 183(11) 165(28)
4-t-Octylphenol 17.70 1.052 320(7) 305(1) 263(1) 249(100) 73(12)
4-n-Heptylphenol 18.55 1.103 306(43) 291(3) 249(7) 267(100) 165(41)
Pentachlorophenol 24.93 1.482 378(1) 363(0) 321(1) 376(29) 375(100) 357(77)
Nonylphenol 18.45 1.097 334(8) 319(0) 277(96) 306(51) 267(100) 235(75)
18.66 1.109 334(18) 319(0) 277(3) 305(37) 263(53) 249(100)
18.73 1.114 334(23) 319(2) 277(5) 305(33) 263(74) 249(100)
18.78 1117 334(15) 319(2) 277(10) 249(100) 73(14)
18.84 1.120 334(9) 319(1) 277(100) 305(18) 291(29) 235(49)
18.99 1.129 334(2) 319(6) 277(100) 235(34) 221(26)
19.14 1.138 334(5) 319(0) 277(1) 305(15) 263(200 249(100)
4-n-Octylphenol 19.59 1.165 320(55) 305(3) 263(8) 281(100) 264(21) 165(74)
Bisphenol A-ds 25.79 1.533 47037) 455(4) 413(0) 453(100) 217(39)
Bisphenol A 2591 1.540 456(32) 441(100) 399(0) 207(35)

Relative retention times(RRT) : RT of analyte/RT of phenanthrene-dio

g3l F& ASFAS Fole ARSI 9tk isoBOC & Table 4. Selected ion groups of phenols for GC/MS-SIM mode
=4 9 TBDMS #EA3 8 =9dEg A UA 10 analysis :
9 HsA HEHAZNELDNA [M-100]"9} [M-57]" o] Time window selected ion Dwell time
o3 27139 179 o]&e kst 1 2 2T = ion Compound (min) (m/z)(ms per ion)
M2 AT & v, =9Hl 59 A n- B} ter- 8 isoBOC TBDMS  isoBOC TBDMS 150
g7} BAd] EAEHE EHE Lyl F=e g¢7s wes 2,4-Dichlorophenol 14.00-18.10 13.50-15.50 164, 162 221, 219 150
. . . . 4-+Butylphenol  14.00-18.10 13.50-15.50 150, 135 264, 151 150
) ) .30 Hle 1) o] T oo _
Ao ‘M%p TMOH 1'34‘ ]fi f'}e’!q—i A 4-n-Butylphenol  14.00-18.10 13.50-15.50 150, 107 264, 207 150
mer7t EAFT. isoBOC FE=AS ot TBDMS f= Phenanthrene-dio  14.00-18.10 13.50-1550 188 188 150
At whs ol = Y peakyt HEFHEER wd¥wg 4n-Pentylphenol  18.10-1940 15.50-18.00 164, 107 278, 221 150
A f= w=A] 242k molecular ion¥} isoBOC G-EA| 4-n-Hexylphenol  18.10-19.40 15.50-1800 178, 107 292, 235 150
3} ¥hgolL} TBDMS 543 wee EAHSl jong HIE 4-+-Octylphenol ~ 18.10-19.40 15.50-18.00 235, 135 320, 249 150
Al BQlstolol she, A Al &<l ion oo) n- Egs]]g]. 4-n-Heptylpheno!  19.40-22.00 18.00-20.00 192, 107 306, 249 150
o] Bt} E40] 108] AE ZF ter- Fejo) Aol Pentachlorophenol  19.40-22.00 20.50-26.00 268, 266 358, 357 150
Nonylphenol ~ 19.40-22.00 18.00-20.00 320, 220, 334, 277, 150
Ald] FFstolof gt isoBOC FE=A 3} kg9 o° L3 149, 135 263, 249
& iong m/z 3207 220907 iong UG F, miz 1359 4-n-Octylphenol  19.40-22.00 18.00-20.00 206, 107 320, 263 150
149904 Z47} 671 €] peakE FA] FE3IA2H, TBDMS Bisphenol A-djs  22.0034.00 25.50-34.00 242, 224 470, 453 150
A3 WSO miz 3345} 27790 iong S & miz Bisphenol A 22.00-34.00 25.50-34.00 228, 213 456, 441 150
2633} 249904 72} 6709) peakE FA] B THTable 4).
150.6%<19.2H, TBDMS SE=4Q1 2% 93.8~108.3%°]

BT, BAUY HEH
3& 2E LAELY AVYS 249U
il

7*‘7}54 11%-4 iﬂ*“-’a LH-‘?'—HM]%}°HE7“‘:
28 AAY PEFg FEF PR FE, #
EASG & A5ty BFee gof & 2, 11F A&y
WEEAZNER9 84&2 isoBOC =4 A 70.1~
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isoBOC Fx A<l

AS 3.9~344%0]¢lon, TBDMS $EA¢1 A= 0.5~
9.3%2 TBDMS S =7} $5 3¢tk Table 5). isoBOC %
TBDMS S=45 H44

A isoBOC §-EAS @Y = 423 =8

WL ppt(part per trillion)
AL BE

T

=A% @ sy HEUZAERE0] US EPACIA Axd
85% ol49 FFee BAh ol FI: Tsuda 59
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Table S. Recovery of alkylphenols, chlorophenols, and bisphenol
A extracted from biological samples using GC/MS-

Table 6. Linear regression analysis of relative response aga-
inst relative weights of phenols as isoBOC & TBDMS

SIM mode derivatives
Recovery(%) isoBOC TBDMS
Compound - " -
isoBOC TBDMS ... |Correlation .. |Correlation
- Compound Regression line . Regression line .
2,4-Dichlorophenol 144.4+11.19 103.244.51 coefficient coefficient
4-t-Butylphenol 147.7£12.57 108.2+0.46 m | b r m | b r
4-n-Butylphenol 137.0 8.13 101.947.16 2,4-Dichlorophenol {0.0004 | -0.0082 | 0.9943 0.0014 10.0099 | 0.9963
4-n-Pentylphenol 150.6£25.04 93.8+7.09 4-+-Butylphenol  {0.0016 | -0.0164 | 0.9979 0.001110.0576 | 0.9928
4-n-Hexylphenol 103.2+ 6.30 106.8+6.90 4-n-Butylphenol ]0.0015]-0.0340 | 0.9909 | [0.0023 |0.0246| 0.9991
4-t-Octylphenol 124.9+19.17 97.0£0.91 4-n-Pentylphenol 10.0013 | -0.0134 | 0.9949 | |0.0021 |0.0235| 0.9996
4-n-Heptylphenol 92.3+ 3.85 107.847.39 4-n-Hexylphenol |0.0013| 0.0463| 0.9902 0.0021 10.0263 | 0.9995
Pentachlorophenol 122.6+29.47 105.5+9.29 4-+-Octylphenot 10.00151 0.0508| 0.9900 | [0.0059 1.0293| 0.9978
Nonylphenol 127.0+34.44 108.3+5.77 4-n-Heptylphenol {0.0012] 0.0479| 0.9981 0.0034 10.0441| 0.9962
4-n-Octylphenol 70.12 6.99 97.8+1.57 Pentachlorophenol 10.0001 | 0.0026 | 0.9958 0.0007 |0.0198 | 0.9925
Bisphenol A 128.1+11.87 100.5+1.28 Nonylphenol  [0.0010| 0.0609| 0.9931 0.0006 10.0308 | 0.9986

** A mackerel sample spiked with bisphenol A(0.15 pg/g)
LS. : Phenanthrene-d)o

AEAR T SAAEY =99 5e BN dste A&
EE oMEVo|E”RZE LulF&E % Florsil PR @¥oz
BAT I 5T F GOMSE EAF AToA 86.0~
96.4%%) 3FE&F vws] B ), JELEYL AR5y
A F TBDMS fEAstste] BAste BAwo] B}
5 23E 4d& F YYen, isoBOC G gy
MEANN AFEARCl EFE £F HEAEY T50] A)F
Al matrix®] FFOE Qlsle isoBOC -3E43F B 2%, TBDMS
FEA S B G2 mizolH A9 ol2g A isoBOC
fFrEAstY] HH9 ionEH matrix ionESF9] additive &I}
2 g0 ¥4 2EE A= AZ4EY, A4 £33 4B
A9 EAM M isoBOC $E4 &4t TBDMS &
EAS} Aoz N3 & TBDMS S=4 s 2y
o 27 e ARs9eH, isoBOC SEA3 Hau o
23 %2 23 go= sgrh

HAEd HEHAZANELY FFEHS st A7) ¥
=4 HENAZNEZES 10~400 ng B4 5 pointe)
JAHgE Fagen, ol Z+ d3E9 jon chromatogram
AA eRd peake} WH-EZFEZQ phenanthrene-dip} peak
9 3 Hz2 Yelo] HaAsHos AF2HE A3
Table 69 ATk Table 664 BEo] 9 =N T
T HAsd WEMAZNERAEL isoBOC A3 B4
2 0.9755~0.99810]2™, TBDMS A3 BAgHe
0.9908~0.99960 2 F BAUY 2T ofsst AFE wech

AU A&+ US EPA 9oto] met vjawE AV}
AE o FLurt 25:19 REQ 3 FEoA 73 w2
24335t isoBOC SXA 9 TBDMS SXA BAwd zbzh
0.062 pg/kgdt 0.010 pghkg FEATE o] == HEAE 2
11F #H=d REAZANED s Q2 284 14 24
B AEIAY 1 pgkg Bk 32 A2z WEASS
YEUEPoE F53519 XAD4 BP0 g AR I, isoBOC

4-n-Octylphenol |0.0013| 0.0289| 0.9755 0.0019 1 0.0468 | 0.9908
Bisphenol A 0.0011| 0.0124| 0.9968 0.0085 | 0.139 | 0.9958

’m = Slop; relative mass response=mean peak area ratio of phenol x
mass of I.S./mass of phenol; b= y-intercept. Calibration range; 10~
400 ng

=4 4 TBDMS =48} 3te] EA3H= W0l ppt level
AX 11F A HRAZNED S 245t Fsiv=
AE & F AT 11F dsd WEAZNEZ 2718 o)
Ed27 g% 2A 5 25 A8 A Fig. 1 SIM =2
ZulETJoA R0} isoBOC SIM A= rtE 133 TBDMS
SIM A2olEddS A5 HagFoE AL dEY2o|
93l false positive peakZ peak €14 A] 2¢log Qlst ¢
e ¥ 7tsg 29 & Ak

AA £F AEAE oMY A5 FHL R BEE
2]l Hl&FE A-dis? syringe WHEEEZR] phenanthrene-di
] isoBOC FEA FF o2 AZREIH m/z 2249} m/z
1882 TBDMS RE=AQl BF m/z 4533} m/z 188& H&)
A o5 WF BFEAZY peak AA HlE At
AAHYA FFeE &35k 88.6~99.9%9 AIFHE Age
o, 242t fEAS BAME-E ppt(part per trillion) 3ol
A B US EPAYA Axg 85% o)< dgg By

34 T8 YE2ANE HE
9 Ad AR F5 AEANERE 4 SA A

3
o dEHQ sk 9 AN 252 HAN FaATFE, B, o
g, Jol& g2z st AEE dAsd WEEAZNE
AT TAIRE ZI(Table 7) GFH Bol, F7AH FaATF
2, g%t Folg HEF sTFAd BoAdA 4-n-F e EH
et 220l AEHNeH, UF BoldAe 4-n-9
A¥lsol AEHAT 53 Het F2EAEY FF 4X179
M TE AEdA o139 A e AEHJT olg 2
< B F2 BENFY 9ER R)E 4n-d AW =9 3
F S AgsrR s fUEA #F AE) 5%

HerEg 822X 293 6%, 20074 6¥
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Table 7. Concentration of target compounds in korean aqua-
tic biological samples

Point Species Compound *Value | "Recovery(%)

) 4-n-Hexylphenol | 0.702
Crucian carp 98.1
Pentachlorophenol | 1.970

Anyangchun

Naju Crucian carp | 4-n-Hexylphenol | 0.675 920

4-n-Hexylphenol | 0.768
Bullfrog 93.0
Pentachlorophenol | 1.128

Hwainggujichun

4-n-Hexylphenol | 0.757
Euam carp 93.3
Pentachlorophenol | 1.112

. 4-n-Hexylphenol | 0.704
Nakdong-hagu | Crucian carp 924
Pentachlorophenol | 1.020

*Value : pglkg
*1.8. : Phenanthrene-dio
*LS. : Bisphenol A-djs

H ARG AzxAQ B de 222w AS A
ZAY FREG ALZo g shHd #98 F, BiEHo £5
AEd 559 ez A

53], G5d Bol, AR T, dY Bl B
o} okd BoldiA dE FEEdEol 24 AR BA HAS
g 2= shEolY AMd fYHE AxAY FFHA &1
A HE b, FE e 98 Ashe AxARte
FFo2 e AxAE AHgse TTFY Ass F2
of Wty 4&E o Bol B2 Aoz Alsdo.

4.2 B

JELEES $8F P 43 BEAE 3 UE
gz g vadE AY BASY Bk ATA e
282 ged 2o

D 11F HA=4 WEAZAEZY soBOC $E4 ¥
TBDMS #EA4]9] GC/MS EAL isoBOC FEAY B$
[M-100]" o] 20] & o2 ehd v, TBDMS 5419
A% M-5779} [M-151°9) 2A09) E449) ioneE UEltth
[M-100]"9} [M-57]" o] &% 3718Q1 1749 o]&g F7lsl
Aol 2UEY PHoE FF 2439 F mFY 11F
Hed e AZdERDS AT e 98 & YUk

2) AFA ARE o)&% FF AEANEY HFE, =
AEANA 11F dEd WEAZAEDY 5582 isoBOC
FEAQ A} 70.1~150.6%, TBDMS =9 A$ 938~
108.3%0]9om, v 88 ZF4glN EFUA:= isoBOC
FEAQ AS 3.9~34.4%, TBDMS SEAQ A= 0.5~
93%=% TBDMS #=A7F ESstgth sy wE6A%
AEZES 10~400 ng BN 5 pointe] HHAH& T3}
A& ), isoBOC F=A3 4482 0.9755~0.99810] %]
L, TBDMS =43 B2 0.9908~0.999%602 &
249y 2% J5d A9E 290

3) US EPA ¢t w2 244 A&3AE= isoBOC #
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SA S TBDMS S=4 2Ahy zhzt 0.062 pg/ke 0010
pghkg X2 WE By A& 1 pgkg Bk Y
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4 f\l qtoz QI is‘i‘rs oli 7 FAAB U
AT AFEHE T F AU

AF AL

2 @7E FR4FRGEY ALoz o|F)d Aol o
o BA=FUT

2 ATl AHEE JELEHEL “YIHE o8 BE

AR, AFANE 2 FFANEE FHY Az 28T 4
39 29 2 B E 55 §5H9 U2 1A

SUTHES A 0535905).

A#NEd

1. “EDSTAC, Endocrine Disruptor Screening and Testing
Advisory Committee(EDSTAC) Final Report,” August
1(1998).

2. “Japan Environment Agency, Strategic Programs on En-
vironmental,” JEA, Tokyo, May, 68~77(1998).

3. “Developmental Effects of Endocrine Disrupting Che-
micals in Wildlife and Humans. EHP,” llinois EPA
Endocrine Disruptors Strategy, 101(5), 378 ~384(1993).

4. Dachs, J.,, Van Ry, D. A, and Eisenreich, S. J., “Occu-
rrence of Estrogenic Nonylphenols in the Urban and
Coastal Atmosphere of the Lower Hudson River Es-
tuary,” Environ. Sci. Technol., 33, 2676~2679(1999).

5. Pavlov, B. and Terentyev, “Organic Chemistry,” Gordon
and Breach Science Publishers, New York, 125~127
(1965).

6. Jones, P. A., “Chlorophenols and Their Impurities in the
Canadian Environment,” Environment Canada Econ. Tech.
Rev. Report EPS-3-EC-81-2, 434(2000).

7. Staples, C. A., Dome, P. B., Klecka, G. M., Oblock S.
T.. and Harris L. R., “A review of the environmental
fate, effects, and exposures of bisphenol A,” Chemos-



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

GCOMS-SIME <183 22Uzt 5 BEAE 5 ¢0uls, S22059 u2slE A B4 I3 ISIHEY 28

phere, 36, 2149~2173(1998).

Safe, S. H., “Endocrine disruptors and human health is
there a problem ? An update,” Environ Health Perspect,
108, 487~493(2000).

Cook, J. C., Kaplan, A. M., Davis, L. G., and O'conner,
J. C., “Development of a Tier I Screening Battery for
Detecting  Endocrine-Active Compound(EACs),” Regul.
Toxicol. Pharmacol., 26, 60~ 68(1997).

Philip, B. D., Chi-Su, C., and Joseph, J. G., “Degrada-
tion of bisphenol A in natural waters,” Chemosphere,
16, 1501 ~1507(1987).

Tsuda, T. Takino, A., Kojima, M., Harada, H., and
Muraki, K., “Gas chromatographic - mass spectrometric
determination of 4-nonylphenols and 4-tert-octylphenol in
biological samples,” J Chromatogr. B, 723, 273~279
(1999).

Afghan, B. K., Carron, J., Goulden, P. D., Lawrence, 1.,
Leger, D., Onuska, F., Sherry, J., and Willkinson, R.,
“Recent advances in ultratrace analysis of dioxins and
related halogenated hydrocarbons,” Can. J. Chem., 65,
1086~ 1097(1987).

Hong, J., Eo, Y., Rhee, J., Kim T., and Kim K., “Si-
multaneous analysis of 25 pesticides in crops using gas
chromatography and their identification by gas chroma-
tography-mass spectrometry,” J. Chromatogr., 639, 261~
271(1993).

Kim, H, Hong, I, Kim, Y. H, and Kim K. R.,
“Combined isobutoxycarbonylation and tert-butyldimethy-
Isilylation for the GC/MS-SIM detection of alkylphenols,
chlorophenols and bisphenol A in mackerel samples,”
Arch. Pharm. Res., 26(9), 697 ~705(2003).

A, A5, VA FREIRY/AFENNE o &
T FolR T LA ER, FEEAEF 2 dadx
A FF #AZ83)A), 18(1), 45~ 55(2003).

A4, T¥71, 283, 244, V14 2=nEadg9/R
FEA7]E 0] 83 field-screening LS ¢35 LA
=T, S22AEF 2 vl2dE A9 isoBOC $=A,
TBDMS $EA¢ US EPA W39] W@, 24783
=], 15(3), 196~213(2002).

Heberer, T. and Stan, H. J., “Detection of more than
50 substituted phenols as their t-butyldimethylsilyl deriva-
tives using gas chromatography-mass spectrometry,” Analy-
tica Chemica Acta, 341, 21~34(1997).

Masque, N., Pocurull, E., Marce, R. M., and Borrull, F.,
“Determination of eleven priority EPA phenolics at ng
L-1 levels by on-line solid-phase extraction and liquid
chromatography with UV and electrochemical detection,”
Chromatographia, 47, 176~ 182(1998).

Achilli, G., Celrino, G. P., d'Eril, G. M., and Bird, S.,

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

697

“Simultaneous determination of 27 phenols and herbicides
in water by high-performance liquid chromatography with
muti-electrode electrochemical detection,” J. Chromatogr.
A4, 697, 357~362(1995).

Shin, H.-S., Park, C.-H., Park, S.-J., Pyo, H.-S., “Sensi-
tive determination of bisphenol A in environmental water
by gas chromatography with nitrogen-phosphorus detection
after cyanomethylation,” J. Chromatogr. A, 912, 119~
125(2001).

Cline, R. E., Todd, G. D., Ashley, D. L., Grainger, J.,
McCraw, J. M, Alley, C. C, and Hill, R. H, “Gas
chromatographic and spectral properties of pentafluoro-
benzyl derivatives of 2,4-dichlorophenoxyacetic acid and
Metabolite,” J. Chromatogr. Sci., 28, 167 ~172(1990).
Kim, K.-R. and Kim, H., “Gas chromatographic profiling
and screening for phenols as isobutoxycarbonyl deriva-
tives in aqueous samples,” J. Chromatogr. A, 866, 87~
96(2000).

Penalver, A., Pocurull, E., Borrull, F., Marce, R. M.,
“Solid-phase microextraction coupled to high-performance
liquid chromatography to determine phenolic compounds
in water samples,” J. Chromatogr. A, 97, 382~390(2002).
Helaleh, M. 1. H., Takabayashi, Y., Fujii, S., and Kore-
naga, T., “Gas chromatographic-mass spectrometric method
for separation and detection of endorcrine disruptors from
environmental water samples,” Analytica Chemica Acta,
428, 227~-234(2001).

Rodriguez, 1., Mejuto, M. C., Bollain, M. H., and Cela,
R., “Evaluation of two solid-phase extraction procedures
for the preconcentration of chlorophenols in drinking
water,” J. Chromatogr. A4, 786, 285~292(1997).

Lee, H. B, You, R. L. H, and Fowlie, P. J. A,
“Chemical derivatization Analysis of Phenols. Part VI.
Determination of chlorinated phenolics in Pulp and paper
effluents,” J. ASSOC. OFF. ANAL. CHEM., 72(6), 979~
984(1989).

Boyd, Th. J., “Indentification and quantification of mono-,
di- and trihydroxybenzenes(phenols) at trace concentrations
in .seawater by aqueous acetylation and gas chromatogra-
phic-mass spectrometric analysis,” J. Chromatogr., 662,
281 ~292(1994).

Lee, H. B., Stokker, Y. D., and Chau, A. S. Y., “Analy-
sis of Phenols by Chemical Derivatization. V. Determina-
tion of Pentachlorophenol and 19 Other Chlorinated Phe-
nols in Sediments,” J. ASSOC. OFF. ANAL. CHEM.,
70(6), 1003 ~1008(1987).

Lee, H. B., Weng, L. D., and Chau, A. S. Y., “Che-
mical Derivatization Analysis of Pesticide Residues. IX.
Analysis of Phenol and 21 Chlorinated Phenols in Na-

HErE 5 ool x] 203 6, 20079 6



6% 4 @338

tural Waters by Formation of Pentafluorobenzyl Ether
Derivatives,” J. ASSOC OFF. ANAL. CHEM., 67(6),
1086 ~1091(1984).

30. Moder, M., Schrader, S., Franck, U., and Popp, P., “De-
termination of phenolic compounds in water by solid-

phase micro extraction,” Fresenius J. Anal Chem., 357,

1. of KSEE / Vol. 29, No. 6, June, 2007

31.

32.

326~332(1997).

Yergey, A. L., Edmonds, C. G., Lewis, I. A. S, and
Vestal, M. L., “Liquid Chromatography/Mass Spectro-
metry,” Plenum Press, New York(1990).

“EPA thethod 625, Base/neutrals and acids,” EPA Test
Methods, 127 ~139(1998).



