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Natural and Synthetic Estrogens Waters "
Some Background THE SCIENCE OF WHAT'S POSSTBLE?

= Estrogens are routinely used either as contraceptive medicines or in hormone
replacement therapy and can enter aquatic environments via the discharge of
final effluent waters.

= Compounds can include:

— 17 alpha ethinyl estradiol (oral contraceptive and HRT)
— 17 beta estradiol (postmenopausal drug)
— estrone (perimenopausal and postmenopausal drug/natural hormone)

= Estrogens are believed to have a negative effect on aquatic environments by
disrupting the hormonal systems of fish, which is thought to cause demasculation
of aquatic animals.
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EU Water Framework Directive Waters
Overview THE SCIENCE OF WHAT'S POSSIBLES
2482013 EN Official Journal of the European Unien L 226(1
I
(Legislative acts)
DIRECTIVES

DIRECTIVE 2013/39/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 12 August 2013

amending Directives 2000/60/EC and 2008/105(EC as regards priority substances in the field of
water policy

(Text with EEA relevance)
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EU Water Framework Directive Waters .
Overview THE SCIENCE OF WHAT'S POSSIBLE”

= Addition of 12 new substances to the list of 33:

— Plant protection product substances: aclonifen, bifenox, cypermethrin, dicofol*,
heptachlor*, quinoxyfen*

— Substances used in biocide products: cybutryne, dichlorvos, terbutryn
— Industrial Chemicals: PFOS*, hexabromocyclododecane* (HBCDD)
— Combustion by-products: dioxin* and dioxin-like PCB’s*

= Watch list
— Pharmaceuticals: 17 beta-estradiol, 17 alpha-ethinyl estradiol, diclofenac

= Development of a specific strategy for pharmaceuticals

= |t lowers the EQS values of certain substances:
— Brominated diphenyl ethers, fluoranthene, nickel and PAH’s

*priority hazardous substances
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EU ther Framework Directive Wo’rers
WatCh LlSt THE SCIENCE OF WHAT'S POSSIBLE.”

Article 8b

24.8.2013 EN Official Journal of the Furopear] 2ot 1St
I.  The Commission shall establish a watch list of
substances for which Unien-wide monitoring data are to
be gathered for the purpose of supporting future prioriti-
I sation exercises in accordance with Article 16(2) of
Directive 2000[60/EC, to complement data from, inter
(Legislative acts) alia, analyses and reviews under Article 5 and menitoring
programmes under Article 8 of that Directive.

The first watch list shall contain a maximum of 10

DIRECTIVES substances or groups of substances and shall indicate the

monitoring matrices and the possible methods of analysis

not entailing excessive costs for each substance. Subject to

the availability of methods of analysis not entailing

excessive costs, the maximum number of substances or

roups of substances that the Commission is allowed to

DIRECTIVE 2013[39/EU OF THE EUROPEAN PARLIA %nclulée in the list shall increase by one at each update of

the list in accordance with paragraph 2 of this Article, up to

of 12 August 2013 a maximum number of 14. The substances to be included

amending Directives 2000/60(EC and 2008/105/EC as regal in the watch list shall be selected from amongst those for

water policy which the information available indicates that they may

pose a significant risk at Union level to, or via, the

(Text with EEA relevance aquatic environment and for which menitoring data are
insufficient.

iclofenac {CAS 15307-79-6), 17-beta-estradiol (E2) (CA
50-28-2) and 17-alpha-ethinylestradiol (EE2) (CAS 57-63-6
g i ed in the first watch list, in o er
monitoring data for the purpose cilitating the deter-
mination of appropriate measures to address the risk
posed by those substances.
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Challenges of Steroid Hormone Analysis Wq,e e

= Very low limits of detection required

— Surface waters MAC
o 17a ethinyl estradiol 0.00003ug/I
o 17 estradiol 0.0004ug/I

= Compounds do not ionise well in ESI or APCI

= Jon Suppression from matrix and extraction process
— Significant sample clean-up and concentration required
— Chromatographic separation crucial

= Method has to be robust to allow analysis of both surface and effluent
waters
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Good Sample Preparation Provides the Ability "

to...
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Waters

THE SCIENCE OF WHAT'S POSSIBLE.

Simplify the chromatographic
separation

— Removing matrix and co-eluting species
enables better, more consistent quantitation

Reduce analytical variability

— Higher, more consistent recovery

— Minimize matrix effects

— Less rework

Increase column lifetime

— Fewer columns need to be replaced

Reduce system downtime

— Less time spent with wrenches or waiting for
service
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Sample Preparation for Estrogens in Water Wq:rer e

= Characterize the analytes
— They are weak acids pKa >10
— LogP 3.57 — 4.03 (hydrophobic)
— -OH groups facilitates normal phase SPE

=  Select the appropriate sorbent
— QOasis HLB

— Qasis MAX (strong anion exchange and
HLB)

— Sep-Pak Silica or alumina

HO

178 Estradiol
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SPE Method Detalls Wq:rer S

Oasis® HLB 6cc, 150mg Sep-Pak ® Silica 3cc,500mg
(p/n 186003379) (p/n 186004536)
) ™
: 22: 22:2;:\2?'1 butyl ether e Condition with 4ml ethyl Acetate
Condition & | deionised e Equilibrate with 4ml hexane:ethyl
Equilibrate [ Sml deionised water y Condition & acetate (90:10)
Equilibrate )
N
e 1000mI sample )
J e 2ml of Oasis HLB eluent
e 5ml methanol : deionised water (5:95) <
with 2% ammonium hydroxide
¢ Dry cartridge for 30 minutes with vacuum ) )
e 4ml of hexane : ethyl acetate
“ (60:40)
e 10ml methyl tert-butyl ether J
J
N
) e Evaporate at 35°C and reconstitute
e Evaporate at 35°C and reconstitute in 2mls - in 1ml LCMS water
Pre — of hexane:ethyl Acetate (90:10) Pre Injection
Injection J d

i‘ Scottish

. Water
E&?:g Trusted to serve Scotland
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Example of Separation on Different Column

Ligands

Waters

THE SCIENCE OF WHAT'S POSSIBLE.

3 MAM of 2 Channets ES-

5“-'] Tl:['l'l'alil'l-a-ETﬂTp‘!‘S!!?]l:l;I
I-I
IR
) o
570 540 50 B0 B0 &30 &30 68  B50  GED &0 &0 gO0  TOO 70 T30 130 740 Tsa  TED 710
2 MEM of 2 Channets ES-
632 TIC (1T Besta-Estragol)
bagnamasl F T T T T T T T T T T T T T T T T T T T T
570 BEH C8 £ 640 850 EE0 70 &80 690 7.00 780 720 730 740 750 TED 7.00
1- MR of 2 Chanmels ES-
. £.45 TIC (Estrone)
o R Raied i il iiid kil il Rl i T T T T i i Rl T T T i Rl R Tr ey T T i i el Rl R il el |
ST SED S50 EDD 7% 1] B 20 i} &80 ES50 EED B0 BED &90 700 T.i0 7.2 T30 T.40 TS50 TED 7.0
% MM of I Chanrsis ES-
B51 TiC (17 alpha-Emimylestradiol
Phenyl column gave the
570 580 = 500 "B | G20 | 630 @ 640 650 ce | em | sm| best Separation however [7= %= 5 1w
2 MBI of 2 Charmels ES-
525 lower MS response. TIC {17 Beta-Estrado)
I
BEH Cyg \ BEH C,4 gave
%70 se0  so0 O Ew ' e:m  e3 | Geo | &S0 GBO0 0 BT &ED tabl ti 740 Ty Ten | 70
’ acceptable separation T
TIC (Estrone)
ry and response. Esrone
570 520 590 00 B0 620 &30 6.40 650 £ 670 &0 590 7.00 730 720 T30 7 40 750 TED 7.70
% MAEN of 2 Chanrets ES-
843 TIC (17 aipha-Eminylestradiol
570 583 500 t Ef0 B30 2 6M G40  B50  EB0  GT0  EED 0 GO0 0 TO0 TS0 0 T 73 740 TS 0 TED 170

BEH Phenyl f

2 MM of 2 Channeis ES-
TIC (1T Beta-Esiradiof

750 TED ]

1 MEM of 2 Chasmess ES-
558 TG (Estone)
570 550 5490 E.00 &1l E20 [ ] .40 E.50 EED BT BED B0 T.00 7.0 T.20 T.30 T.40 TS50 TED T.70
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Example of Separation on Using Different “

. . ter
Organic Modifiers Wq,e e

3 WRM of 2 Channets E3-

642 TIC (17 alpha-Ethirryiestradaol)
A
ri b
T sk amam | Sma fmemEm | emEmEmem e=m 50:50 MeCN:MeOH Cran 0 750 0 TR0 10
. 2 MRM of 2 Channes ES-
Ei gave good compromise TIC (17 Beta-Estradnol

) . I\ of separation, response
P50 56D 5050 MeCNMeOH "B G40 650  EE0 60 and CpOSt P "ra 0 1m TED 70
. 1 LR of 2 Chaenes. ES-

’ B TIC (Estrone)
T T - i Li

BE3 TIC {17 alpha-Ehiryfestrada)
£
lI.' II'-.
A
450 5 0 570 580 500 £.10 £20 630 .40 650 £E0 670 £.80 690 7.00 710 720 730 740 750 TED 1.0
2 WRM of 2 Channels E35-
BB TIC {17 Beta-Estradiol)

1: MRM of 2 Channets E5-

150~ SED  S70 580 500 §10 ~ E20 @ &30 640 680 GBO  GT0  GBO | B8O  TDO | T . F20 . TAan . T40 0 750 Ted . 170
TIC (Estrone)

-
T AR ey T R T T T T RARAL AAS A nalEd T
150 Se0 510 580 500 600 6.10 .1 630 640 650 (1] 6 E.B0 [-1-1) T.00 710 .20 T30 740 150 760 ]
3 LR of 2 Channets E5-

5_5;' TG {17 alpha-Emhiryestradiol

P50 5E0 570 580 500 E00 610 E20 630 650  GE0 &M EB0 &S0 TOO T 0 T2 Ta 740 T 7E0 1M
2 WRM of 2 Chanmes. E5-
580 TIC: (17 Beta-Estradiol)

1: LR of 2 Cranneds ES-

IC (Estrone)

50 SED 3T SE0 590 500 B.10 520 630 . 650 EE] & EBD 90 e Tl T.20 T30 T4 ] TE) T

609

— e T _ 2 T r T T T T TTT T T T T T T T T T T T T T T T T T T T T TP TTTTETTT
il SE0 510 =1-1) 5.90 500 6.10 &) 6.30 E40 6350 BB0 L] E.BD 690 00 Tin T20 .30 T40 T80 TED .
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Mobilephase Modifier Options WCLTer S

= |onisation of steroid hormones can be improved using suitable additives
= Some suggestions from literature include:

— Ammonium Hydroxide

o Waters Technology Brief 720005626en utilizes 0.05% ammonium hydroxide, sub ppt
detection limits were achieved using 2D UPLC-MS/MS

— Post column addition of ammonia

o Addition of 0.1% ammonia solution at 0.1ml/min has been reported in literature to give 3-4 x
response increase

— Ammonium Fluoride
o Has been reported to give up to 5x increase in response in ESi (-) for some compounds
o Increased deprotonation as a result of the fluoride anion in the gas phase”

*
Petrie, B., Youdan, J., Barden, R. and Kasprzyk-Hordern, B. (2016) "Multi-residue analysis of 90 emerging contaminants in liquid and solid environmental
matrices by ultra-high-performance liquid chromatography tandem mass spectrometry", Journal of Chromatography A, 1431, pp. 64-78.
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Impact of using NH4F Modifier

0 TI——

Waters

3 RM of 2 Channels ES-
643 17 aipha-Ethamylestr ads
sho 5B Eb0 | Em e | em | i | em ek T em | em b0 1m0 1w | 7@ Ta 70 @ TH0 . TEOD | TO
& WRM of 2 Channets E5-
BM TIC {17 Beta-Esiradal)
P
-' = Addition of 1mM NH,F gave ~2x
= 1ImM NH4F TmTim T rm T rm ew| Increase in response. Lower NH,F Tsa  7Ea 770
. - mM concentration were not tested e o
i due to time constraints, but may be
} effective and should be considered.
T im emew ek em T em e R TEm _ 1 et
. = Care should be taken using NH,F, | | ¢ ussee coamnes e
() and considerations to suitable waste
collection bottles, and avoid mixing
- , N | , . with acidified mobilephase waste. e
S50 S50 .00 6. 10 620 630 640 650 B ETD TS0 TEQ T
2 WM of 2 Channets ES-
633 . . . TIC (1T Beala-Eatrndail)
- = As with all chemicals, a risk
f assessment on the use of NH,F
. _ _ should be carried out before use.
580 No Additive 20 63 @ G40 650 BE)  &7D — — — — — — — T50 :r_-'ag-’ T
. Ess i = Iéh.l:-.__.:.. -
Tom sk e T EW | em T em T swm ek Em T Em T em T em T Th0 T Twm T Tm T Tm T Tm T Tm Tm i
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Impact of Using Correct Flow Rate Wc\t:rer e

X MR of 3 Chanhess ES-
42 THC (17 alpha-Efdmyesiracol)

@ 375 400 425 450 475 500 525 550 575 GO0 S25 650 675 TO0 TS TS} FIS EBOD B35S BSO
Z MRM of 3 Channess ES-

415 T (17 Beta-Esiracol)
I f _ Correct flow rate gives
PP T RRDY AR PR P A 0.6 ml/min =] sharper peaks (higher [ == =%
1. MR of 4 Channeis ES-.
aam ’ response), and faster T (Estroe)
run time.

ey i . T T P ———
B.T5 T T25 .50 T.rs B.0D B 25 B 50

32 MRM of 2 Channess E5-
E 61 TIC (17 alpha-Eirylesiradol)

W 375 400 425 450 475 S5O0 525 S50 575 600 625 650 675 TO0 TS TED TYS GO0 825 BS0

Z MBEM of 2 Channeis ES

E51 T (17 Beta-Estraciol
]
— — —— S p————— — 04 I/ . —— r— —— —— S p————— — - ——— —
W 3TS  4AD0 425 450 4TS A4 mi/min 600 525 650 675 70O 725 TS 775 BO0 B35 GBS0
1. MRM of 2 Channess E5-

. ET3 THZ [Esinorms)

W 375 400 425 450 475 S500 525 S50 S575 E00 S25 650 G675 TO0 TE5 TS 0 FIS EOD  B2S  BSO
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Separation Conditions THE SCIENCE OF WHAT'S POSSIBLE!

UPLC CONDITIONS:

System: ACQUITY® UPLC® H-Class (with extension loop, needle and syringe to facilitate a
large volume injection)

Column: ACQUITY® BEH C,4(3 x 100 mm, 1.7 um)

Mobile phase: A: LCMS Grade Water with 1mM NH4F (analytical grade)

Mobile phase: B: 50:50 LCMS Grade Acetonitrile : Methanol with 1mM NH4F (analytical grade)

Purge: 80: 20 water: methanol

Injection vol: 100 pL

Column temp: 30° C

Sample temp: 10° C

Flow rate: 0.6ml/min

Gradient tablet:

3

Initial 70 30 1. 17p-Estradiol
2. 17 a-Ethinylestradiol
100 70 30 3. Estrone
3.50 5 95
5.50 5 95 1 :
5.60 70 30
8.60 70 30 — _
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M
MS Conditions Wcl’rer S

HFEU_001_03242077 040 1: MAM of 4 Channeds E5-
100- 4% 2691 = 145 :Eili:g‘;
= MS CONDITIONS:
- Mass spectrometer: Xevo® TQ-XS
- lonisation Mode: ESI - #
— Acquisition mode: MRM
— Capillary voltage: 2.0 kV ; )
o 300 320 340 360 380 400 420 440 AED 480 500 520 540 56D 580 600
— Source temp: 150 C HPEL_001_C242017 040 2 MAM of 3 Channeis ES-
. o 100+ an 2712 > 145 (17 Beta Esgasl.!s':ls,:l
— Desolvation temp: 600" C
— Desolvation gas flow: 1200 L/Hr
— Cone gas flow: 150 L/Hr =
— Data management: MassLynx® v4.1,
) A
TargetLynx XS o ————— S ——————
300 320 340 360 380 400 420 440 460 480 300 3520 540 560 5B0 GO0
HPEL_D01_03242017 040 3 MRM ol 3 Channeis ES-
168 LR 295,71 > 145 (17 Aipha Effyrryd Esiragiol
2 Thed
Ea
f\._/\/\'ﬁu :
0 = Time

300 520 340 360 380 400 420 440 4ED 480 500 520 540 5ED 580 600

Sample pre-spiked (prior to extraction) with 17a-ethinylestradiol at
30pg/l, 17B-estradiol 120pg/l and estrone 400 pg/l in surface water
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Surface Water Calibration Curves

curve)

Compound name: 17 Alpha Ethynyl Estradiol
Correlation coefficient: r =0.999001, r'2 = 0.998004
Calibration curve: 26.4155 * x + 120.806

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, AXis trans: None

post spiked

Waters

THE SCIENCE OF WHAT'S POSSIBLE.

H X
_ 10.0
E
E X
E X x
& 00 3
E X
X X
WWWWWWWWW|COnC
. 3
0
& 5000
aQ
n
Q
I 3
-0 , Conc
-0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Compound name: Estrone )
Correlation coefficient: r = 0.999910, 2 = 0.999819 Compound name: 17 Beta Estradiol
Calibration curve: 171.91 * x+ 336.28 Correlation coefficient: r = 0.999950, "2 = 0.999901
Response type: External Std, Area Calibration curve: 28.1779 * x + -59.3078
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axs trans: None Response type: Exenal Std, Aea. )
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
4 X
2.004 M X
_ 2504 ]
] X _ %
E x x € 000 X " %
2 0.00 X 2 1 x X
14 )
% T -2.00-
2,504 X E
LA L L L L L L L L L L L L L L LS L L L L L) L LA L L L L L L L L L L i w v e v g ) 1 X T
] $ 400004
§ 200000 5 3
g g
e ] & 200007
O T T T T T Conc B e e b L e L U e L M L e et K et L Rl U ] e ] Bt Sl L s b B R e
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 -0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
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Surface Water SPE % Recovery and Precision Wq:rer S

Compound 17a-ethinylestradiol 17B-estradiol estrone
Spike Level 1 (pg/l) 30.0 120.0 400.0
(surface water)

% Recovery (n=3) 80.0 99.5 92.2
% RSD (n=3) 10.8 4.0 1.6
Spike Level 2 (pg/l) 60.0 300.0 1000
(surface water)

% Recovery (n=3) 71.3 100.6 92.6
% RSD (n=3) 12.3 4.6 1.9

SPE method recovery and repeatability data for all analytes, spiked at two levels in triplicate into
surface water matrix, pre-spiked levels are indicated in bold.

©2017 Waters Corporaton ~COMPANY CONFIDENTIAL 19



o T—_—__

Repeatability Surface Water “

Post Spiked Extracted Matrix n=8 Wcl’rer o

Compound Estrone Beta Estradiol EthynylEstradiol
Spike Level (ng/l) 20 20 20

SD n=8 115.38 39.08 33.57

% RSD n=8 1.50 5.26 4.26
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RADAR Scan of Different Extracted Water -

. ter
Matrices Wcle S

3302017 021 4: MS2 ES-
431 TIC

Final Effluent 3:31e9

L I U T T 1 T T T 1 1 I U T T T T T T 1 T I I 1 T

0.50 1.00 1.50 2.00 2 50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 700 = 750
3302017 020 4- MS2 ES-
TiC
331e9
0.77 4.01 486498 &.18
77092 408 01400 4574864 6525 64 5 7
e e e e e e R L Y
0.50 1.00 150 200 250 3.00 3.50 4.00 450 5.00 5.50 6.00 6.50 7.00 7.50
3302017 015 4- MS2 ES-
TiC
3.31e9
0.92
e, v
T O T T T e T T T e e T e T T T T e T e e T e e e Time
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50

RADAR scan (full scan m/z 100 to 1000) , on matrix samples after clean-up and concentration by SPE. Example peak for the
target compounds are shown against the final effluent RADAR scan indicate the area they elute.
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Use of Standard Addition for Final Effluent Wc\t:rer S

Compound name: 17 Alpha Ethynyl Estradiol

Correlation coefficient: r = 0.998732, r"2 = 0.997467

Calibration curve: 17.5798 * x+ 296.967

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
Standard Addition Concentration : 16.8925 _

x

2.5—: =<

0.0+

Residual

-2.5

-5.0—: x 1%

-7.5 <
= Conc

30000

20000

Response

10000

-0 e e e e e Y e T e T T T 1, Conc
-0 200 400 600 800 1000 1200 1400 1600 1800 2000

Standard addition method used to calculate low level concentration of 17ag-ethinylestradiol in final effluent (n=2).
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. Waters
CO”C' USIOnS THE SCIENCE OF WHAT'S POSSIBLE.”

= Method highlights the analysis of low ppq levels of synthetic estrogens in
surface and final effluent waters.

= Utilising Oasis® SPE and Sep-Pak® SPE sample preparation
technologies, the optimised extraction method was found to provide the
required concentration and clean-up, given acceptable recoveries and
repeatability in spiked surface water samples.

= The use of a large volume injection in combination with the ACQUITY®
UPLC H-Class and XEVO® TQ-XS, allowed for the challenging detection
requirements of this analysis to be achieved in surface water.

" The use of standard addition allowed for accurate quantification of trace
residues in final effluent samples.
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