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A method is illustrated for steroid hormone analysis from drinking Material and Methods

water using an optimized LC/MS/MS method, reducing analysis Sample Preparation

time from 50 minutes down to about 15 minutes while maintaining Per the EPA method protocol, 1 L water samples are dechlorinated,
excellent linearity (0.99 R’ value or greater for each compound) Pre-treatment: | preserved, collected and stored. Surrogate standards are then added prior to
and low minimum reporting level MRLs. The method presented solid phase extraction.

uses a Gemini® 3 um NX-C18 HPLC COIUmn, which delivers stabil- SPE disk: 47 mm Octadecy! sorbent (Empore® p/n, AH0-2540)

ity at pH 1-12.

Disk cleaning: | Rinse disk with 10 mL of methanol followed by 5 mL of methanol

Introduction Conditioning: | Apply 10 mL of methanol followed by 10 mL of water
Hormones have been found in a wide range of water supplies Load: Load entire (1 L) sample under vacuum, without letting the disk go dry
throughout the world. Compounds such as ethynylestradiol

Wash: Apply 10mL of 15 % methanol

(Figure 1), the active ingredient in a commonly prescribed birth-
control medication, can cause detrimental affects to both aquatic Dry: Under full vacuum for 10-15 min

life and humans.' Due to this public health risk, there is a rapidly Apply 3 x 5mL of methanol (allow time for the disk to soak for 1 min during
growing interest in monitoring these compounds, and within the first elution step)

United States, EPA Method 539 was Specifically deVeIOped to Evaporation: Under nitrogen gas at 45 °C

monitor this growing problem.

Elution:

Add 500 pL of 50 % methanol and transfer to a 1 mL volumetric flask. Add
. . . . Reconstitute: | internal standard and adjust to 1 mL volume with 50 % methanol.
This StUdy follows EPA Method 539, which is a challenglng analy' Filtration (optional): Not necessary for drinking water sample

sis because not only does it require very low detection limits (0.1

part per trillion for some compounds), but it also requires mass- LC/MS/MS Conditions
spectrometer analysis in both positive and negative modes. De- ~ Column: Gemini 3 um NX-C18
spite these challenges, more than 1,000 utilities across the United Dimensions: 100 x 2.0mm
; . Part No.: 00D-4453-B0
States are required to have samples analyzed by this method Mobile Phase: A: 0.2% NH,OH in Water
under the Unregulated Contaminant Monitoring Rule (UCMRS).2 B: 0.2% NH,0H in Methanol
Fewer than 20 labs across the U.S. are currently approved for this Flow Rate: 0.2mL/min
K . Gradient: Time (min) % B
method.® However, laboratories throughout many regions of the 0.00 35
globe are monitoring these compounds with similar methods. Due 0.01 35
to the widespread concern and the test’s popularity, it is extreme- 32 gg
ly important to have a fast, accurate, and reproducible analytical 8.5 85
testing method. 13.0 85
13.01 35
The study offers an optimized LC/MS/MS method that utilizes a 150 35

Injection Volume: 10pL

high pH mobile phase in order to maximize the LC/MS/MS re- Temperature: Ambient
sponse. Since conventional silica-based HPLC media is not Detection: APl 4000™ (AB SCIEX) Tandem Mass Spec MS/MS
stable under alkaline conditions, an organo-silica hybrid column Backpressure: 108 bar
(Gemini 3 pm NX-C18; Phenomenex, Inc. Torrance, CA, USA) was Sample: 1mL of drinking water extract
used to perform these analyses. Table 1.
LC/MS/MS parameters
Figure 1. Peak
Structures of hormones Compound a1 Q3 RT (min) | Polarity Number
F “\5\‘ o, I . Estriol 287.1 | 170.8/1447 |  4.09 ESh+ 1
1 J m Estriol-D2 (1.S.) 289.1 17341 4.09 ESl+ 2
il - bl | -
i Y
8 2 g Bisphenol A-D16 (SURR) 2411 | 223.1/142.1 4.78 ESh+ 3
17-a-Ethynyl Estradiol 17-B-Estradiol Estriol -
Estrone 268.9 | 144.7/143.0 7.37 ESl+ 5
m-_ F'; m 17-B-estradiol 271.2 | 144.7/183.0 7.88 ESl+ 6
s " e Frd e 13C6-estradiol (1.S.) 2771 145.0 7.88 ESl+ 7
Testosterone Estrone 4-Androstene-3, 17-dione 17-a-Ethynylestradiol 2051 | 144.7/1429 | 7.9 ESl+ 8
(288.424 Da) (270.366 Da) (286.409 Da)
Ethynylestradiol-D4 (SURR) | 299.1 | 147.0/161.0 8.04 ESl+ 9
%- ' 13C2-Ethynylestradiol (1S.) | 297.1 144.9 8.04 ESI+ 10
& 4-Androstene-3,17-dione | 287.2 | 97.1/109.1 8.08 ESI- 1
Equilin
(268%55 Da) Testosterone 289.2 | 97.2/109.1 9.33 ESI- 12
Testosterone-D3 (1.S.) 292.2 97/109.1 9.4 ESI- 13
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Results and Discussion

The purpose of this investigation was to develop a fast and re-
producible method for analyzing hormones in drinking water us-
ing LC/MS/MS. These goals were achieved while maintaining the
required linearity and method reporting limit (MRL) values of EPA
Method 539.

In this case, the sample extraction step was performed in accor-
dance to EPA Method 539 using octadecyl SPE disks. However,
chemists should consider using other SPE formats and more
current sorbent chemistries such as Strata™-X SPE tubes to po-
tentially improve the extraction efficiency. This can, in turn, bring
benefits such as faster processing, increased sensitivity, consis-
tency, and extraction efficiency.

Following extraction, EPA Method 539 requires LC/MS/MS analy-
sis using an alkaline mobile phase. The high pH mobile phase
greatly improves the ionization of some of the target compounds,
resulting in improved LC/MS/MS sensitivity. Specifically, the com-
pounds containing phenol functionality are deprotonated at high
pH, allowing them to be analyzed in the negative polarity mode.

However, running high pH mobile phase severely limits the choice
of HPLC columns that can be used, as typical silica-based HPLC
media is not stable under alkaline conditions. The use of an or-
gano-silica based HPLC media (Gemini®; Figure 2), specially de-
signed to withstand alkaline mobile phase conditions, allows such
mobile phases to be used without compromising column lifetime.

Figure 2. Structure of the organo-silica Gemini NX-C18 particle.

Ethane cross-linking stabilizes the silica particle providing resistance
to high pH attack, while maintaining high efficiency and mechanical
strength.
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The LC/MS/MS procedure in the EPA Method 539 monograph
requires a total run time of about 50 minutes. This study has
modified the EPA Method 539 protocol and optimized it to ef-
fectively analyze all of the target compounds in only 15 minutes
(Figure 3). The fast analysis time on the Gemini 3 pm NX-C18
column is very beneficial because laboratories are required to
analyze a multitude of check standards aside from actual drinking
water samples. These check standards include calibration data,
MRL standards, and QC samples. Over time, a reduced analysis
time allows a laboratory to be significantly more productive.

Figure 3.
Total ion chromatogram (TIC) of a representative standard injection

4.065
3.865
3.6e5
3.4e5
3.265
3.0e5
2.8e5
2.6e5
2.4e5

6-11

2.2e5
2.0e5
1.8e5 5
1.6e5
1.4e5 12
1.265
1.0e5 12,13
8.0e4
6.0e4

4
4.0e4 3
2.0e4 I
7.0
143

00 1.0 2.0 3.0 40 5.0 6.0
21 41 62 82 102 123

Intensity, cps.

App ID 21939

* 80 90 100 110 120 130 140  mi
163 184 204 224 244 265 285

5

Full compound list can be found in Table 1

Aside from a fast analysis time, an effective analytical method also
needs to be accurate with low limits of detection. Table 2 lists the
method reporting limits and linearity values for each compound.
The MRLs range from 0.1 ng/L for testosterone to 4.0ng/L for eg-
uilin. Excellent linearity values were achieved with all compounds
exceeding R? values of 0.99 (Figures 4, 5 & 6).

Table 2.

Method reporting limit and linearity for each analyte

Compound MRL (ng/L) Linearity (R?)
Estriol 0.8 0.9979
Equilin 4.0 0.9998
Estrone 2.0 1.0000
17-B-estradiol 0.4 0.9988
17-a-Ethynylestradiol 0.9 0.9980
4-Androstene-3,17-dione 0.3 0.9993
Testosterone 0.1 0.9994
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Figyre 4 . ) Figure 6.
Calibration curve for Testosterone ranging from 0.05 to 2ng/L in reagent Calibration curve for Equilin ranging from 2 to 80ng/L in reagent water
water
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Conclusion
Figure 5. This work presents an optimized chromatographic method for an-
Calibration curve for 17-a-Ethynylestradiol ranging from 0.9 to18ng/L in alyzing hormones in drinking water. Analysis time was significant-
reagent water ly reduced from 50 to 15 minutes with the use of a Gemini NX-C18
] column, while maintaining excellent linearity and low MRLs. This
0.40 improved method should greatly increase lab efficiency and pro-
] ductivity.
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Ordering Information

Gemini® HPLC Columns

3 pm Microbore, Minibore and Narrow Bore Columns (mm)
30x2.0
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SecurityGuard™ Cartridges (mm)

50 x 2.0

100 x 2.0 150 x 2.0

50 x 3.0

100 x 3.0 150 x 3.0

/10pk

NX-C18 00M-4453-B0  00A-4453-B0  00B-4453-B0  00D-4453-B0  00F-4453-B0

3 pm Analytical Columns (mm)

00B-4453-Y0

00D-4453-Y0O  00F-4453-Y0 ‘ AJ0-8367

for ID: 2.0-3.0mm

SecurityGuard Cartridges (mm)

Phases 50 x 4.6 100 x 4.6 150 x 4.6 250 x 4.6 4x 3.0*
/10pk
NX-C18 00B-4453-E0  00D-4453-E0  00F-4453-E0  00G-4453-E0 \ AJ0-8368

for ID: 3.2-8.0mm

5 ym Minibore and Narrow Bore Columns (mm)

SecurityGuard Cartridges (mm)

50 x 2.0 150 x 2.0 50 x 3.0 100 x 3.0 150 x 3.0 250 x 3.0
/10pk
NX-C18 00A-4454-B0 00B-4454-B0 00F-4454-B0 00B-4454-Y0 00D-4454-Y0 00F-4454-Y0 00G-4454-Y0 \ AJ0-8367
for ID: 2.0-3.0mm
5 pm Analytical Columns (mm) SecurityGuard Cartridges (mm) ordering Information
Phases 50 x 4.6 100 x 4.6 150 x 4.6 250 x 4.6 4 1k Empore® Extraction Disks
Part No. Description Unit
nx-cie 00B-4454-0  00D-4454-E0  O0F-4454-E0  00G-4454-£0 | for Igfjg'giﬁgmm AHO-2540 Empore Extraction Disks, Octadecyl (C18) 47mm 20/pk
e AHO-2541 Empore Extraction Disks, Octadecyl (C18) 90 mm 10/pk
Australia Luxembourg AH0-2543 Empore Extraction Disks, Octadecyl (C8) 47 mm 20/pk

-+

1 02-9428-6444
1 02-9428-6445
auinfo@phenomenex.com

-+

: +31 (0)30-2418700
: +31 (0)30-2383749
nlinfo@phenomenex.com

-
-

Austria Mexico
t 01-319-1301 t: 001-800-844-5226
f: 01-319-1300 f: 001-310-328-7768

tecnicomx@phenomenex.com

The Netherlands

: 030-2418700
1 030-2383749
nlinfo@phenomenex.com

anfrage@phenomenex.com

Belgium

: 02 503 4015 (French)

: 02 511 8666 (Dutch)

: +31 (0)30-2383749
beinfo@phenomenex.com

s
-

-+
-

-

New Zealand

: 09-4780951

1 09-4780952
nzinfo@phenomenex.com

-+

Canada

: (800) 543-3681

: (310) 328-7768
info@phenomenex.com

s
-

-

Norway
Denmark t: 810 02 005
t 4824 8048 f: +45 4810 6265

nordicinfo@phenomenex.com

-

: +45 4810 6265

nordicinfo@phenomenex.com Puerto Rico

: (800) 541-HPLC
1 (310) 328-7768
info@phenomenex.com

-+

Finland

: 09 4789 0063

T +45 4810 6265
nordicinfo@phenomenex.com

-
-

-

Sweden

: 08 611 6950

: +45 4810 6265
nordicinfo@phenomenex.com

-+

France

: 0130092110

: 013009 21 11
franceinfo@phenomenex.com

-+
-

-

United Kingdom

: 01625-501367

1 01625-501796
ukinfo@phenomenex.com

-+

Germany

: 06021-58830-0

1 06021-58830-11
anfrage@phenomenex.com

-+
-

-

United States

: (310) 212-0555

: (310) 328-7768
info@phenomenex.com

I

India

: 040-3012 2400

1 040-3012 2411
indiainfo@phenomenex.com

-+
-

-

All other countries:
Corporate Office USA
: (310) 212-0555
: (310) 328-7768
info@phenomenex.com

[C]

Ireland

: 01247 5405

1 +44 1625-501796
eireinfo@phenomenex.com

-
-

Italy

: 051 6327511

1 051 6327555
italiainfo@phenomenex.com

-

www.phenomenex.com

Phenomenex products are available worldwide. For the distributor in your country,
contact Phenomenex USA, International Department at international@phenomenex.com
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Recommended Alternative: Strata™-X SPE Tubes
Sorbent Mass Part No. Unit
Tube

10mg 8B-5100-AAK 1mL (100/Box)
30mg 8B-S100-TAK** 1mL (100/Box)
30mg 8B-S100-TBJ 3mL (50/Box)
60mg 8B-5100-UAK 1mL (100/Box)
60mg 8B-5100-UBJ** 3mL (50/Box)
100mg 8B-S100-EBJ 3mL (50/Box)
100mg 8B-S100-ECH 6mL (30/Box)
200mg 8B-S100-FBJ 3mL (50/Box)
200mg 8B-S100-FCH 6mL (30/Box)
500mg 8B-S100-HBJ 3mL (50/Box)
500mg 8B-S100-HCH 6mL (30/Box)

Giga™ Tube

200mg 8B-5100-FDG 12mL (20/Box)
500mg 8B-S100-HDG 12mL (20/Box)
1g 8B-S100-JDG 12mL (20/Box)
1g 8B-S100-JEG 20mL (20/Box)
29 8B-S100-KEG 20mL (20/Box)
5¢ 8B-S100-LFF 60mL (16/Box)
10g 8B-S100-MFF 60mL (16/Box)
20¢ 8B-S100-VFF 60mL (16/Box)
50 8B-S100-YSN 150mL (8/Box)

**Tab-less tubes available. Contact Phenomenex for details.

If Phenomenex products in this technical note do not provide at
least an equivalent separation as compared to other products of
the same phase and dimensions, return the product with com-
parative data within 45 days for a FULL REFUND.

Terms and Conditions
Subject to Phenomenex Standard Terms and Conditions, which may be viewed at
http://www.phenomenex.com/TermsAndConditions.

Trademarks

Gemini is a registered trademark of Phenomenex. SecurityGuard, Strata-X, and Giga are
trademarks of Phenomenex. API 4000 is a trademark of AB SCIEX Pte. Ltd. AB SCIEX™is be-
ing used under license. Empore is a registered trademark of 3M Corporation.

Strata-X is patented by Phenomenex. U.S. Patent No. 7,119,145
Gemini is patented by Phenomenex. U.S. Patent No. 7,563,367
SecurityGuard is patented by Phenomenex. U.S. Patent No. 6,162,362
© 2013 Phenomenex, Inc. All rights reserved.
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