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Development of a Method for Quantitative Analysis of Estrogens in Sewage Water by LC/MS/MS

by Yumiko NAKAMURA, Kensuke ONDA, Chikako TAKATOH, & Akiko MIYA

Sewage treatment plant effluents are suspected to supply natural estrogenic hormones (17 /3 -estradiol (E2), estrone (E1), and estriol
(E3)) to environmental water. As estrogens could be strong endocrine disruptors, it seems to be very important to investigate the behav-
ior of estrogens in sewage treatment plants. To achieve this objective, an analytical method to quantify the estrogens in sewage samples
was required. In this study, an analytical procedure based on solid-phase extraction and liquid chromatography/tandem mass spectrom-
etry (LC/MS/MS) has been developed. Good linearity of the calibration curve (r>0.998) was obtained in the concentration range from
0.2 ng/ml to 125 ng/ml for E1, from 0.5 ng/ml to 125 ng/ml for E2 and E3; and the detection limits were 0.2 ng/l for E1, 0.5 ng/l for E2
and E3. The recoveries of standard samples spiked to sewage water were 98.9-102.5%. Using this method, the estrogens in a municipal
sewage treatment plant and those in a domestic sewage treatment plant were quantified. The obtained data were compared with the data
obtained by ELISA or the estrogen-like activity obtained by yeast assay. The concentrations of E2 by ELISA were generally higher
than those by this method. The contribution of E1 was comparably high, especially in the effluenc samples. Estrogens were found to

contribute greatly to estrongen-like activity of sewage samples.
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Table 1 Recoveries of estrogens added to influent, treated sewage, and purified water (n=4)

El E2 E3
20 ng/I1 20 ng/l 200 ng/1
Ry W EEYES AN N EIES AN A EEVES
Blank Added Recovery Blank Added Recovery Blank Added Recovery
K (ng/1) (ng/1) (%) (ng/1) (ng/1) (%) (ng/1) (ng/1) (%)
Influent 707 914 10238 379 57.8 1035 998.8 12017 99.4
71.1 91.3 102.3 36.9 57.1 100.0 1011.1 11965 96.8
712 91.3 102.3 375 56.1 95.0 994.4 1199.3 98.2
70.4 914 102.8 36.1 574 101.5 1007.7 1205.7 101.4
R 70.9 914 1025 37.1 57.1 100.0 1003.0 1200.8 98.9
Average
20 ng/I 20 ng/I 200 ng/1
) N EEYES IRINET % e RN Ntz EEYE
RLBRIK Blank Added Recovery Blank Added Recovery Blank Added Recovery
Treated (ng/I) (ng/I) (%) (ng/I) (ng/I) (%) (ng/I) (ng/I) (%)
sewage 87 286 98.6 11 211 100.1 116 318 1034
8.9 289 100.1 1.1 21.1 100.1 11.2 31.0 994
8.9 29.3 102.1 1.1 20.8 98.6 11.2 314 101.4
9.0 28.8 99.6 1.0 21.1 100.1 105 312 100.4
B 8.9 289 100.1 1.1 21.0 99.8 11.1 314 101.1
average
20 ng/I1 20 ng/I 200 ng/1
IR N EEYES T W% L& T I [ =
BAtK Blank Added Recovery Blank Added Recovery Blank Added Recovery
Purified (ng/1) (ng/1) (%) (ng/1) (ng/1) (%) (ng/1) (ng/1) (%)
water 00 10.1 101.0 00 938 98,0 00 938 98.0
0.0 10.0 100.0 0.0 9.8 98.0 0.0 9.7 97.0
0.0 10.1 101.0 0.0 9.9 99.0 0.0 10.0 100.0
0.0 10.3 103.0 0.0 10.1 101.0 0.0 10.1 101.0

ng/miA 5 125 ng/mi, E2, E3Ti205 ng/mi» 5 125
ng/ml DHPH T 0,998 Lh D B 2 HBIARE DS S L7z,
F 72T FEK TR, FICE3DRENE VT &2
5, FUKHICHomE#RET1E, E1l, E2131.0 ng/ml2»
5100 ng/mi D #EF T, E31310 ng/mi»*5 1000 ng/ml
DOHFLPHTEMED R VRS S 7z,
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ROWTLEOREEERD 720 OB L LT, #
FK D2, FHL T ZKALPLS 0 5K B OMLER (2 AR HE R
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F1IRL7Z, E1, E2, E30oWw§hd, B4
DI TII%H 5 1025% L, FEHIZ R RIS
N7zo T2, TNEEHNS, BIRLELERLE T O] mER
WXL BT, Y TIVITHEERE O RN L TR
FERMEZ ATV, LC/MS/MS I O W1\ N EBAR K
EMACTMEERIT o720 #MRER2ITR L7, TN
S5 D TT72.0%H5 5 934%TdH ), ROFrEIT AR
B ORMEARIVE VHOERICEATRTHLEEZZLH

K2 PREUK, WHEUK, BRI KR VE CEHERIML
i Er O B
Table 2 Absolute recoveries of estrogens added to influent,
treated sewage, and purified water (20 ng/I each
was added. n=5)

El E2 E3
Eﬂuﬂit 89.4 820 830
%rfiﬁd sewage 765 934 79.1
fﬁ?ﬁid water 894 919 72.0

N7z

3-5 #V)RUFEE CRHTRIE

FRAE RS — O R LR E 2 i L, LC/MS/MSHll
ET L, EV)FIHTHY)ELWMEZI T (n=4),
HRERSITIRT . ZO4HORFEMD S EERZE (o)
ZHIML, RKOZBHTHEME B0) K3WTRLZES
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Table 3 Repeatability of estrogens added to purified water (n=5)

RN T 5 A [ e AR 7
SURHE 7 G R WD T P
Sample Measured Average Standard 30
concentration concentration verag deviation (o)
2.1
21
El (ng/)) 2.0 2.2 2.12 0.04 0.13
2.1
21
2.1
2.1
E2 (ng/I) 20 20 2.02 0.13 0.39
1.8
2.1
2.2
2.1
E3 (ng/l) 2.0 2.0 2.06 0.11 0.34
2.1
19
80 20
100
El s ¢ .
» < 60 o s15
) e8° 0 © )
£ | £ PS
0 =0F 280 =10 (8%
S20F %°  eMeOH =5 §° * MeOH
o DCM O DCM
7 E2 0 \ i 0
9 1 0 20 40 60 80 20

100
E3
%

9 Time
100 200 300 400 500 600 700 800 900 1000 11.00

1 TAREARPZMERVE S EHOMRMZ O 7 F A

Fig. 1 MRM chromatogram of estrogens in influent

DTHb, LaL, FERFHIEHT 50T BUEX
s/NbEELTs/n>38 %52 250120702, 20
Kk, E1, E2, E3OMIETHRIEZ Zh£10.2 ng/l,
05 ng/l, 05ng/l& L7z

3-6 TAKEENDEA

lﬁwﬂm_ﬂi%@%kwﬁﬂﬁbk% N —EERRAK L,
AoHrEEEH TR VE Y HOERZTo 70 K
ot LcBorsu< 79 A %K1 ~T<,“o RIS S5
BEVIZH b bd, El, E2, E3ANENZhoriEs
n, E—Z7BREI MBS N, R4IC6HEB T OERE
L, HIERD72DIAT - 7288 FARRLBL; 0 % # Al % 7R
T BUKOY4, MM TFARTIIELA7508 75 106.7 ng/I,
E2751497% 5500 ng/l, E3A%5045% 5 7545 ng/l T
D, #HTFATIIELA%422 ng/l, E24929.0 ng/l, E3

LC/MS/MS (ng/1) LC/MS/MS (ng/l)

2 FAREK () ROWEK (5) hE2#E% LC/MS/MS
Tl L7234 & ELISA Tl L 756 o i, ELISA I
EHORFHIFEA RS X % 7 — ) (MeOH) AL XY 2
oo 2y (DCM) CHith L7z,

Fig. 2 Comparison of E2 concentration in influent (left) and

treated sewage (right) detected by LC/MS/MS and by
ELISA. For ELISA, samples were extracted from solid
phase extraction cartridges by methanol (MeOH) or
dichloromethane (DCM).

W1714 ng/ITH o720 WITIOWEED, FHAKTIZES
DREDIEF IR D o720 —F, WIAKOEAEIZIE,
HFAKTIZELIA2.04 5 15.6 ng/l, E2270.875 2.8
ng/l, E32%3.02°565 ng/ITH Y, #Bili FAKTIXELD
8.6 ng/l, B2\ FIRAE (0.5 ng/l) AKii, E3A%24
ng/l TH o720 MHKTIE, WTFhOBEED E1ORE
MBI E o T 2O D5, TARMIIZBWT
TR NVEVHOPTIZEIORE RO WEETH 5 &
Ezohiz

KIZ, i&Tﬂ(@J%J(RU‘ML_}Ej( IDOWTELISAIZ
X% E20E Rl & ARG HTEEI E R & B L 72
(R12), ELISAIZ X % E2{EEIZLC/MS/MSIZ & A1 &
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Table 4 Concentration of estrogens in sewage samples

Bk ALEK
Influent (ng/1) Treated sewage (ng/I)
E3 E2 El E3 E2 El
H# 7K  Domestic sewage
9/Nov/00 504.5 22.8 50.8 6.5 1.0 2.0
16/Nov/00 548.2 35.0 101.6 54 2.8 15.6
22/Nov/00 506.5 149 106.7 42 25 109
1/Dec/00 534.1 389 68.0 44 12 52
7/Dec/00 582.3 36.6 51.1 3.6 0.8 5.7
14/Dec/00 754.4 50.0 64.7 3.0 0.9 6.0
#H T/  Municipal sewage
13/Dec/00 1714 29.0 422 24 n.d 8.6
120 [ g 555 = 4259
contribution of estrogens = 42.5% — O ZPERIVEVBREE
~ estrogen-like activity
=2 M 0 B30 MR
) g b = 0, i (e TE I
g \:« z)‘rniilﬂa;tiogzc;?ﬁ theoreticual activity by E3
N - = 0, B
3] % 80 estrogens =62.9% B E200 B 3515 M Al
4 *E theoretical activity by E2
Eg 60 b B E10BE I
*\é\ 15 theoretical activity by E1
W E »
=S 40 X534 =69.8%
+* 3 H5-E =65.0% contribution of
palls contribution of estrogens = 69.8%
254 2 20 estrogens = 65.0% H
JEK ALBRIK JEK JUEELY/S

Influent

AR T ARALBRY

Municipal sewage

Treated sewage

Influent

Hb T K AL BRI

Domestic sewage

Treated sewage

K3 TAKEE ORIV E RGNV E YOS

Fig. 3 Contribution of estrogens to estrogen-like activity in sewage samples
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HIEEL R H Y, DEORKEENPS LR EDT
KAE 2RI YA, EHRE2REZ MBI
LC/MS/MS%D# T 2 V2 LEDBSH D L) T
Ebhrotz, £72FD—)T, ELISA XHEZHSIr &
54 L L CRILEDSIER ICHifETh Yy, 28

ORBEWET 2B IE L 20 HETH D, L7zh>
T, BALEY) ZOWEE ) FMEVGITEI LR FE
LwiEzZHhb,

B2, FARREORMEFRIVE VRGN L, KK
THEARNVEVEPEOREFG LTV L2022 HLHM
T, El, E2, E30%HFGHEER MLz, $4bb, Ki
Bz & v R 572 El, E2, E3DEIC, E21Xx)
FTHHEEZRE L CHR LD 0% ZWAIVE VFHK
OIGETM E U, BRI, 57 v A THES
N7z VRV E VR Rk WG VEfE & e L 72
(R13) %, WiGFHIENAF7 v A THEICHEL,
E11%0.3, E3130.005& LM L7z, F# FRIZOW
TI&, $RICHF R TR VE Y BGEASE V11 A 16
HOMERFKE LTEAZZ &5 5OMISICB VT,
THEARNVE VEHOFGRIINAFTT v A4 I2L BE2%
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Z &, AWK TIIELIDE2, E3 XD bR
LTwbZlhl, MAEEOHIBHIIREL %2 72,

F 72, ELISAB L ARG L ORBORKRE,S,
ELISA #:% H W ClllsE L7z E2 98B 1, RO L 5
HEY R HZ2MEMIH Y, FFIRBAKIZB W THH
DAHBMEDMR N Z & Ao 72,

AN S5 IRV APA (e O - Y N O ¢ 2
EURRGEEAL L OIS, TARRBOFREOLEALVE
YREEHICH LT, RIROZMRIVE VHOFG K E
WZ EDbRro T,

1)
2)

3)

7

8)

9)

10)
11)
12)
13)
14)
15)
16)
17)
18)

19)

2 EZ XK

T. Colborn, D. Dumanoski, J.P. Myers : “Our Stolen Future”
(1996), (Published by Dutton/Penguin., New York)

BRIEIT L AV RS LA B R O BT O 6 IS 75
MOV T = B AV E VRIS A SPEED "98 — (1998)
BREOT L ORBEEDR O NG WEBELILEWE (Wb Y S REDR
EY) OFEEHEA (EF) MR (1998)

B, hAEET, HiT, Smd 0 938 MKEE
FEFoxmm4E, 160 (2001)

C.E. Purdom, P.A. Hardiman, V.J. Bye, N.C. Eno, C.R. Tyler,
J.P. Sumpter : Chemistry and Ecology, 8, 275 (1994)

BREOT KB AR KRS PR AL N i S L B R
FRE~Y =27V OKHE, EHE, KAEEY), (1998)

BHE, A, FHF, WYE M By, 10, 595
(2000)

C. Kelly, J. Chromatogr. A, 872, 309 (2000)

A.C. Belfroid, A. Van der Horst, A.D. Vethaak, A.]. Schafer,
G.B.J. Rijs, J. Wegener, W.P. Cofino : Sci. Total Environ., 225,
101 (1999)

T.R. Croley : Rapid Commun. Mass Spectrom., 14, 1087 (2000)
AIEER, WHE, BHE, FIETF 5465 (Bunseki
Kagaku), 49, 753 (2000)

FHIS G, AR, B © 5871E% (Bunseki Kagaku),
49, 843 (2000)

M.]. Ropez de Alda, D. Barcelo, J. Chromatogr. A, 892, 391
(2000)

A.C. Johnson, A. Belfroid, A. Di Corcia : Sci. Total Environ.,
256, 163 (2000)

T.A. Ternes, M. Stumpf, J. Mueller, K. Haberer, R.D. Wilken,
M. Servos : Sci. Total Environ., 225, 81 (1999)

C. Baronti, R. Curini, G.D" Ascenzo, A. Di Corcia, A. Gentili,
R. Samperi : Environ. Sci. Technol,, 34, 5059 (2000)

ANERAT, WA, RIS, HREE] 538 m T KE
FesE a4, 897 (2001)

BHEA, w1, B4, Ho Rl KBRS, 24
(2001)

ACHIARBL, ANBRREF-, WA, B, MEHIEEK 935K
BRI AR AR, 162 (2001)

IoNZ R No. 201 (2003-10)



