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An analytical method for determining potential endocrine disruptors (2,4-dichlorophenol,
pentachlorophenol, bisphenol A (BPA) and 17f-estradiol) by GC/MS with negative-ion chemi-
cal-ionization (NICI) has been developed. The target chemicals were derivatized with pentaflu-
orobenzyl bromide (PFBBr) and the NICI of all derivatives produced an intense (M-PFB) ™ ion as
the base peak. A trace analysis of the target chemicals was carried out on GC/MS-SIM using an
(M-PFB) " ion. The effect of the reagent gas (methane) flow rate and ion source temperature
on the ion abundance was examined for the optimized GC/MS condition. These were deter-
mined as follows: reagent gas-flow rate, 2.5 ml/min; ion source temperature, 210C. The detec-
tion limits of the method ranged from 0.4 pg/ml to 12.5 pg/ml. Good linearity of the calibra-
tion curve was obtained in the concentration range from 10 pg/ml to 100 ng/ml. The correla-
tion coefficients were > 0.9995 for all chemicals. The relative standard deviations of the peak
areas of the target chemicals were 2.8 ~9.3% for 20 pg/ml, 6.2 ~ 9.7% for 100 pg/ml and 2.7 ~
8.6% for 1000 pg/ml. The recoveries of the target chemicals from river water spiked with stan-
dards at the 10 pg/ml level for 17f-estradiol, 100 pg/ml level for chlorophenols and 1000 pg/ml
level for BPA were 91.4~103.8%. The relative standard deviations were from 5.0 to 8.3%.
When the detection limits of this method were compared with those obtained by electron ioniza-
tion (EI) of the trimethylsilylated derivatives, the sensitivities of NICI were 6.5 ~ 150 times high-
er than those of EI.

Keywords : 2,4-dichlorophenol, pentachlorophenol, bisphenol A and 17f-estradiol; GC/MS
with negative ion chemical ionization; derivatizing with pentafluorobenzyl bromide;
endocrine disruptors; solid-phase extraction.
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J =B L, FNFN 1.0 mg/ml OREHE % F
Uiz BEEREEZFICY 700Xy Y CHIRLTRE L,
FREH T OREED 10 ng/ml ORGEEEEREZWEL, @
HARLUTHER L.

MK R 7 ) 7 DISHIGHER B 2 v, 2 g ZHEEUK 20
ml R LT 10% OREW A TE L 72, PEBBr 1y —x
WA Ty ZAEE, 025¢ %7 £ Y 5ml L
b 0% T HEGRHE L0 EAMIICE, sM B AR
774 A7 SDBXD (BEfE 47 mm, BEE 0.5 mm) %A
L7

22 FFEETLIEE
2:2-1 EMRMRESAE WK CRBRGEMIE T CERE
&, »5H5 L0 045 um D7 4 V¥ —TiF#ETY, L&
Yiofgiia Mz 5720 1 M T pH 3.5 [ L 72"
FTAAZETEDN10ml THEFL, RIIXY =110
ml, K 20ml TV F 4 va= v TR/, pH
WHEE L 200K 200 ml 208K L7z, AR T#,
TAY L= =L BWE IR % AT 78, TR b
TmlTEE L, WHEICERT A ZREAT T 2 ml
ENQ 5 R o
2:2.2 BEMHERGE  FEMLIE, 2-2-1 TWEL
2 1 ml % 2ml N4 TIVIZB L, 10% MK B 7
Yo LKA 100 ul 2 U8 5% PFBBr 7 & b V¥ 100 wl
A, 60C T 1BMBUS X4 PFB BBk E L7z, 20
SOSHIZEBEA A R ST TR 100 T TRMEL, ¥
77U RAY Y ITml ROWEKOSml 2z, +5k0D R
o, A 2w % GC/MS IZIEA L.

2:3 BEBERUBEENG
M 2L, Hewlett Packard # 6890/5973 GC/MS IZ CI
A4 VEREELDDERFHALZ, YT —-hTF A
Zi&, J&W DB5.625 (30 m, 0.25 mm, 0.25wm) %A
L7z, GC/MSIZX AMlESM% Table 1IT/RL7. GC
ANOFEANBEI, FEABOAEADENZE AL, EA
OTORMER D DOWHELEZMZ B/SVA AT Y b L
xm%mm% HEANRTZ MVORREL, 44 T
S (Ml B m/zzzloﬂv7oo EAEE . 217
smmh)fﬁw ERIIERINA o U HHE (SIM, F—
JV FHER . 150 ms) KJHV>7: Table 1 2RIV 7%
WA E DFEE m/ 2 B RT .

2°4 MEROIER
2:1 D 10 pg/ml DRAEEBFEE T £ Y THRL,

10, 20, 50, 100, 500, 1000, 10000 X% T* 100000 pg/ml
OWWEFEL 72, FREEE 1 ml I22WT, 2:2-212

AL HIEICX Y PRB SRR E L, M 21 %2 GC/
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Table 1

WA, 0B GO/NICIMS IZX 57 a7 e/ =W, CAT 2/ —IVA, 1IB-LA T IVF —VOER 183

Operating conditions for GC/MS

GC (HP6890)
Column
Column temperature
Injection mode
Injection volume 2w
Carrier gas
Interface temperature 300C
MS (HP5973)

Ionization mode ClI negative

Reagent gas methane
Reagent gas flow rate 2.5 ml/min
Ion source temperature 210C

SIM monitoring ion

DB-5.625, 30 m X 0.25 mm i.d. X 0.25 pum film thickness
90T (1.1 min) = 20C/min — 200C (0 min) — 10T /min — 310C (3.5 min)
pulsed splitless (250C), 206.8 kPa (1.1 min), purge off time: lmin

Helium (1.2 ml/min, constant flow mode)

2,4-Dichlorophenol (m/z161.0, 163. 0)

Pentachlorophenol (m/z264.9, 266.9)
Bisphenol A (m/z 407.1, 408.1)
17B-Estradiol (m/z271.1, 272.1)

MS 2 EA L7z, MBICIESIM # v, E=Fy—A 4>
(M-PFB) " 12X 6N/ SIM 7 av M 7S AhbE—7
W2 RO, M EEc L DR E el L2z,

3 AER L EER

3.1 PFB ZHE&H{LD#%ET

Lee 5%, 70wy =/ — VIHIZOWT PFBBr % H
WT PFBAL 21T o T B, 40, suu7x /) — )V
QLR T/ — VA, 17B-TA NIV —VEMAT:
4{EEWICOWT, AR FECHERMEET -7z, FHE
LD FOGK T R OBMER, Lee SOHFETIE LY AN
AL TG T4 —FHIir =0Ty TR
MR BDT, KETETE L2z 4Tv,
2:2:- 2 IZH R T E Wz, FEM LS ASEITRT
LTCWBhaRT 5720, HREEROEED 50 ug/ml
OEAEEET 1 ml & AW CHEEMRILL, REUSHE )
BAET A9 GC/EIMS I X 584 4 Y H E— FTHa!
2Tl ZOBE, RIUSWEOMMEZMZ 5729, IM
BT pH % 2~3 [CHHE L. ZoOE, KGO 24-
vyrunuzz /=N, A7z /) —VA, 17-TANTY
F— VIR LT (<0.06 ug/ml) Tdh - 72285, KK
BORYF 70T T 2/ —VIEH 0.5 pg/mt M S 7.
RESWEPBFELTCWERVYFr7an 7 e J =L Th,
FIBEIZHK 99% TH Y, 1ZL A EFEERIBEATHS
T, REIZXBFEMUBITERSN TS ETIE
EAEHEN VIO LT L. F/2, 4fbaEd T
x ) — VKRB L PFBAL S N72As, 178- A T U F
— VD 17 REOKEEIZ PFBALIZ S N o7z 1782
b VF =D TIE, BIZFOKEEEE FEUKRLET S
ZEDEZONDN, RETIHEEELIERLTIOEZ
TMEEZITHIZ L& L7

3.2 HEANY MILESIMEZS—A 4 OFER
94-Yrunuy e/ —N, RyFyruaarz)—l, ¥R
T/ —=WVARFIIB-LANT TE—NIZDNWT, 2:2-2
TR L HEIC L) PR FHEMRE L, 2O NICITETHOE
WANRY MV Fig. VIR L7z, 44bE & b R kg
RS2 L ) &K L7z (MPFB) "N — A —27 ki
N, TOMPDTF 7 A ML F VTR E A EBIES )
572, ZOXHITNICLHETIZITTOILEYHED A + v ¥
— 7 DRI, 2L ERICBOTHENTHS
EDGydrodz, Fl, SIMEZY—A 4 ELTIL, 41t
EPEBINRN—A -2 D (M-PFB) #ERBHAF V&L
HRHAALT Y ELTE2FEHCREDORENT T 7RV
A EIIVWAZ LI (Table 1).

33 NICIEATORE A 4 Ab&FOHKET

3:3°1 HEHAREOEE  HETAREOAF ¥
AR BT TR OW T, RAERERE 1 ng/ml
T, 1.0, 1.5, 2.0, 2.5, 3.0ml/min (f 4 ¥ FiE
3 150C —58) THE ATV, ZORKEE Fig. 2R
L7z, a4bEWE dRIET AR OB A & VAR
BOWMABKH oI, MEEREEEDH D Z LB D L.
$72, 1.0~2.5ml/min Q#PF TIZA 4 VEREROHMAS
ZL <, 25ml/min ZM2 5 & A4 F VAREOMNAH
o TnbZ edghol, ULofReSEER L
MS DEZEZDOYRELZZHL, RIS AFEE 2.5 ml/
min & LCTHETHZ & & L7

332 AFEREOEE A+ VIFIRED A F v
AR BARTEHBICOWT, 3-3-1 L l— DR AEHEE
WaEHWT, 150, 170, 190, 210, 230, 250C (GRIEEH
AL 2.5 ml/min —%) THEZIT-72. FOMEL
Fig. 3IIRL2X )1, AbEWIT XY Bk o FiRBEAR
PR EINZD, WTFNDDFT Y RELBETE L)
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(a): 2,4-dichlorophenol; (b):
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‘ . Reagent gas flow rate (ml/min)

Fig. 2 Effect of reagent gas flow rate on ion abun-
dance

E: 2,4-dichlorophenol (m/z 161); [l: pentachloro-
phenol (m/z 265); & bisphenol A (m/z 407); &
17B-estradiol (m/z271)

72. EAT7 2/ = VARG 17B-A T VF— VT,
A F FIERED 210C THRROA A VERELRD, 24-
vyrun7Zo /=Tt 150C, "y runa s/~
T 170C TRARE ho/z, DEOREYL 4 4 VIBEOHY
BECELZFL LT A0, 44 VFRE 210C & L
THETAZEE L .

3.4 REEERRKRO SIM AT
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ml O#EPFET, KiREERIC OuVC/ NENFEMRIRE,
SIMMIE AT VWREBOERZTTH &, Wb R
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ol EOMBBRRIE, 24-Y a7 ) =N, 178-T A
PIVF VT, TNEN 34, 125 pg/ml Tho7z, X
vyruuazx )=, EAXAT7x/)—=VAIZDWTIL,
ZHBTY — 7 P Sz, 2REBTEOEIERE
(n=5) ODSHEERHBRET L L, ZREN04, 4.6
pg/ml TH -7z, Fig. 412, BAEEEBRIEL 10 pg/ml
(EAT7 =/ = Al 50pg/ml) @SIMZ 1<k

e liz, 37z, EaBEER4 20, 100, 1000pg/m1
lZ2oWnWT, 41L& — 7% e Uiy K LEHE
(n=5) &ZRw5H &, HHNHERFZE RSD) T, Thth
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Fig. 4 SIM chromatograms of PFB derivatives of chlorophenols, bisphenol A and 17-estradiol
a: 2,4-dichlorophenol (10 pg/ml); b: pentachlorophenol (10 pg/ml); c: bisphenol A (50

pg/ml); d: 17B-estradiol (10 pg/ml)
2 ul injection

Table 2 Correlation coefficient of calibration curve, limit of detection (LOD) and repeatability (n = 5)

Correlation" LOD (pg/ml) RSD, % RSD, % RSD, %
Compounds s AT c
coefficient at§/N=3 at 20 pg/ml at 100 pg/ml at 1 ng/ml
2,4-Dichlorophenol 1.000 3.4 2.8 6.2 4.5
Pentachlorophenol 1.000 0.4 8.9 7.6 2.7
Bisphenol A 1.000 4.6% 6.9 9.7 2.8
17B-Estradiol 1.000 12.5 9.3 7.5 8.6

1) Concentration range: 10 pg/ml~ 100 ng/ml.
2 pl injection

FEMEERPRERLARETbITEY, Tl ERD
I TELHETHLZ B9 o7z, £z, TLbH
4 ALEWIZOWT TMS B %217V, El 2 W72 GC/MS T
OBRWBRFIL, 24T 70072/ —V200, Ry¥su
07/ —V60, EAT7x/—VAS30, 1IB-ZATY
4= 600 pg/ml TH Y, NICLEDIZIFEIELD 65
~ 150 fEDRBEN S B Z L V357,

35 SMHIK T OEMEMEER

351 YhUvIRICLBPE #KkoT M) v
7 ADFBERETT H7:0, BESZHRMLIZWIDK (1~
100 pg/ml, ¥RHIEE, WK 200 m 2 LT, 2497
o7/ -2 Nryyruaygz/)—V2 EAT=x
J =V A2, 17-LA T V4 —)02ng) RUEML
TWHRWHIIKIC2WT, REBEERICL 25 E 7o 7.
BEESZRINL TR WK 5 b 4baW 4Tt
B & N7z2%, WITnOfbEMEblFL AT NI v I A

2) Three times of the standard deviation (n = 5) of blank test.

OUEN L ERBWETH 72, 17~ A P T VF — i
DWTIIIRIM L ZZIRESR N E VWD H B, PNy s
Ty FBE o7, Fig 518, TOHEDSIM 71
< TS LERL.

3-5-2 RIMENNEER  FIMEDREEIE, BREL
WK 4G EDHEAT 2720, ZOFBENEYT
EBH X, WK 200ml FIZ24-Y 7072/ —)b
20, RyF¥ruTAT ) —)L20, CATx—IlA 200,
17B-ZAMI VA— ) 2ng ZIRML, ABBEE (FEE
IOV T 10~ 1000 pg/ml) & L7z, ZOREHERZ
FAR RIS T A2 ATV, RO CHERIEE T 7. %
7z, BRI TR O IR % AT o 730 )1 KAZ 6] — i B
LD ) IERMERML, #FEMMEET o7, WH
OWTHALEMO Y — 7 R % i L, FERKE O 0 &
LEREZ RO, ZofR%, Table 31ZR L7z, BIX
L 91.4~1033% THY, MHBELBHHME (n=5) &
RSD T 5.0~ 8.3% Th - 72.
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Fig. 5 SIM chromatograms of PFB derivatives of chlorophenols, bisphenol A and
17B-estradiol extracted from (A) the river water spiked with standards and from (B)

the river water non-spiked

a: 2,4-dichlorophenol; b: pentachlorophenol; c: bisphenol A; d: 17f-estradiol

Table 3 Recovery (%) of 2,4-dichlorophenol, penta-
chlorophenol, bisphenol A and 17-estradiol
from river water and repeatability (n = 5)

Monitoring Spiked amount/ Recovery, %
Compounds & 5P © / ”

ion m/z ng (RSD, %)
2,4-Dichlorophenol  161.0 20 91.4 (5.0)
Pentachlorophenol  264.9 20 103.3 (6.4)
Bisphenol A 407.1 200 99.0 (6.5)
17B-Estradiol 271.1 2 93.2 (8.3)

River water: 200 ml

Vb, RBFEIZBWT GC/NICIMS 128 % 24V 7 0n
T )=, RyFyruazc/)—, A7z /—)VA
B VIB-ZA N T VF — VOGHEOBE %17 - 785 1,
ABOFFEIC L S PFBBr & H\Vv % PEB FHE AL IZ R 1L
CHUSHHEITLTHY, T2 NICHIZB W TRRMIZITO
CEWHRD A F YAERL, SEENENTIETH S
EASHIBA L 72, B, KIS WT, B2 ER &
DRLEBRENEON, T~ M) v 7 AL AWEDIE
EAELRHIBPWEETDH L Z 0 s, RFFHIIARERE
DOBEEFHNTOME 24V s a0 T 2 ) — ), RV F T
U7x/)—), EATx/—VARKRDFIIB-LANT I
—VOBBRENEEICRD I DLEZLNG,

C19994F 9 A, 48 2 Il H AR KBS
BYURITMIBWT K

)

X [N
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T X A, WA, B GC/NICIMS IC& A7 auryx /=W, ¥A7x/)—VA, 170-ZX I T4 —VD5ER 187

= =1

NSWBEME L b5 24770072/ —b, Ry¥suau7z/)—N, CA7x/)—VARDY
V- A NI IF =D 4LEWIIONT, XYy IV FuaxXy Y V713 F (PFBBr) ICX )Xy &7
FaNXvYv (PFB) HEMAEL, 27 VEREVALTHHEAL T VLA T b (NICD 2wz
GC/MS IZ X D MBONEORE 21T 7. REATAREBROA + VEREORERGZHRE L, Zheth
2.5 ml/min B0 210T & L7z, ERIEELAWD (MPFB) 4 4 ¥ & V58 4 VHHE (SIM) TFT
o7z, BEEERETOMBRRIE, 04~125pg/ml TH Y, WEHBMOEMHEIL 10 pg/ml~ 100 ng/ml
DOHPAT, WITNOAY D AR 09995 L ETh o7z Tz, B0 E UM FNEEREE, n=>5)
1, KRS OWRE 20, 100, 1000 pg/ml TENEN 28~9.3, 6.2~9.7, 27~86 % TH o7z, EIT,
K 200mi 12 2,4-YV 7007 2 ) —)b 20ng, X¥¥run7x/—)V2ng, CA7x/—)A?200ng,
17B-TA NG Dk — v 2ng BRML, RETHSNAEILEILI1.4~103.83% TH Y, FE0RELHS
P (n=5) IFHANEERET50~83% ThY, WINd BIERHERER LA T2, MEBRRZIEL
7oE &, NICLHEZET A+ bk ) 65~ 150 fEREETH -7z, P EDZ &S AREE, MIIKFO
MBI T2 )=V, CAT72 /= VARFVIB-ZA NI V- VEBKEICEETE 52 &%
Do /e,
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