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Summary

This application describes a sensitive, selective and stable
gradient-HPLC-EC-UV method capable of simultaneously
measuring numerous endocrine disruptors in environmental waters.

Introduction

A hormone is a chemical substance that is secreted by an
endocrine gland. It travels through the blood stream and
can bind to specific receptor sites in various organs and

tissues, sometimes far removed from its site of production.

Hormones regulate a variety of processes such as metabo-
lism, reproductive function, maintenance of blood
pressure, glucose and ion levels, and other endocrine,
muscle and nervous system functions.! The faithful
transmission of the correct type and concentration of
hormone(s) to the intended tissue or organ is vital to an
organism’s health.

For many years humans have been adding chemicals

and pollutants to the environment. Some of these
chemicals can alter endocrine function e.g., a number
(called anti-estrogens) can mimic estrogen hormones by
binding to the estrogen receptor and negating the normal
effects of this hormone. Others can alter the synthesis,
catabolism and action of natural hormones and their
corresponding receptors. These substances are often
termed environmental estrogens or “xenoestrogens” but
are also sometimes referred to as endocrine disruptors or
endocrine modulators. Many of these chemicals (which
include pesticides, plasticizers, household products and

detergents, pharmaceuticals and industrial chemicals) are
now ubiquitous in nature and are in the air we breathe,
the water we drink and the soil in which we grow crops.
In addition, man is exposed to these chemicals through
the food chain via bioaccumulation.

Examples of the effects of environmental estrogens on
aquatic organisms include blocking the development of
frog egg maturation;? decline in alligator populations® and
male fish possessing male and female characteristics.* In
humans, environmental estrogens have also been linked
to declining male reproductive health,’ and breast cancer;*
and miscarriages’ in women.
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Figure 1. Structures of the environmental estrogens measured using this method.

Although there is much interest in the effects of environ-
mental estrogens on endocrine function, the study and the
detection of these chemicals is a fairly new science. Due to
the many different types and concentrations of chemicals
that are suspected of being environmental estrogens, it
has been difficult to develop a global methodology that
can simultaneously measure a number of these chemicals
in different matrices. This application note describes a
gradient HPLC-EC-UV method capable of separating

and detecting the estrogen metabolite estradiol and
several classes of environmental estrogens. These include
insecticides — 2,4’-DDT, aldicarb, and methoxychlor; the
fungicide — vinclozolin; the plasticizer — bisphenol A; the
synthetic estrogen — diethylstilbestrol; the oral contracep-
tive — norethindrone; synthetic antioxidants — propyl
gallate and BHA; and the surfactant — 4-n-nonylphenol.
Also illustrated is the potential use of this method for the
measurement of these compounds in water samples.

Materials and Methods

The analytical system consisted of two pumps, a
refrigerated autosampler, a thermostatic chamber, and
an 8-channel Thermo Scientific™ Dionex™ CoulArray™
Coulometric Array Detector situated before a single
wavelength UV detector. The UV detector extends the
range of compounds measured by the CoulArray
Coulometric Array Detector and supplies additional
qualitative information.

Conditions

LC

Column: €18, 3.0 ym, 3.0 x 150 mm

Mobile Phase A: 50 mM Lithium acetate pH 4.8, acetonitrile

(95:5 v/v)

Mobile Phase B: 50 mM Lithium acetate pH 4.8, acetonitrile,

methanol (20:40:40 v/v/v).

Gradient Conditions: Isocratic 50% B from 0—5 min. Linear
increase of phase B from 50-100% from
5-22 min. Isocratic 100% B from
22-35 min. 50% B at 35 min. Isocratic
50% from 35—40 min.

Flow Rate: 0.6 mL/min.

Temperature: 40°C

Injection Volume: 40 L

Detector

Electrochemical Detector: Model 5600A, CoulArray

200 t0 900 mV in 100 mV increments
(vs. Pd)

Applied Potentials:

Detector Wavelength: 240 nm

Standard Preparation

Sample preparation (presented in this Application Note)
initially used C18 SPE cartridges (200 mg, 3 ml) (Diazem,
Midland, MI). The SPE cartridge was conditioned using
one column volume (CV) acetonitrile, then one CV 50%
methanol, one CV 100% methanol and finally, two CVs
water (pH <3.0 using phosphoric acid). A 20 to 200 mL
volume of sample was then applied to the conditioned
SPE cartridge. The SPE cartridge was washed with one
CV acidified water (as above). The sample was eluted
with two 500 pL aliquots of acetonitrile:methanol

(1:1 v/v). The eluent was then evaporated to dryness
and then reconstituted ethanol (125 pL) and then water
(125 plL).



A second approach, showing much greater promise, is Results and Discussion

currently being evaluated using a layered C2/C18 (EC) Most compounds were well resolved in less than 27 min
SPE cartridge (500 mg, 3 mL) (International Sorbent (Figure 2). The limit of detection for the assay ranged
Technology, Mid Glamorgan, UK). The SPE cartridge was  from 5-100 pg on column for the compounds detected
conditioned using two CV of methanol (MeOH) followed by the EC-array and 200-4000 pg on column for those

by two CV of acidified water (pH less than 2.0 with detected by UV (0.05 AUFS) (Table 1). The electrochemical
hydrochloric acid). The pH of the water samples was array was 10-100 times more sensitive than UV, and had a
adjusted to less than 2.0 by the addition of HCI (approxi-  linear response range of four orders of magnitude.

mately 0.5 mL/100 mL). In addition, 0.5 mL of MeOH
per 100 mL of water was added in order to keep the SPE
cartridge phase solvated. A 100 mL volume of acidified
water was applied to the conditioned SPE cartridge. The
SPE cartridge was then washed with 2 CV of water and
allowed to dry under vacuum for 5 min. The sample was
then eluted with two 500 pL aliquots of acetonitrile
(ACN): MeOH (1:1 v/v). The eluent was evaporated to

The method was linear (in the range tested) with correlation
coefficients >0.99835 for all compounds (40 pL repeats over
an 8 h period; 100 ng/mL for EC active compounds and

1 pg/mL for UV active ones) (Table 1). The retention time
variation for the method was 0.29% RSD. Peak height
variation was <5.5% RSD (except vinclozolin; 9.2%) while
peak area variation was <13.1% RSD (except vinclozolin;

. . 15.6%).
dryness and reconstituted in 125 pL of ethanol. A 125 pL %)
aliquot of water was then added to the ethanol, the
solution and 40 pL injected onto the HPLC.
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Figure 2. Chromatogram of a standard containing 100 ng/mL of EC-active compounds and 1000 ng/mL of
UV active compounds.

Table 1. The limits of detection and linearities for the environmental estrogens measured using this method.

Detection Limits of Detection Response
Source ((:1)] Linearity (r?)
Propyl Gallate EC 100 0.9999
Aldicarb uv 2,000 0.9998
Bisphenol A EC 5 0.9985
{B-Estradiol EC 20 0.9986
19-Norethisteron uv 200 0.9988
17a.-Ethynylestradiol EC 20 0.9991
BHA EC 40 0.9999
Diethylstillbestrol EC 40 0.9997
Vincolzolin uv 4,000 0.9992
Norethindrone Acetate uv 400 0.9999
Methoxychlor uv 400 0.9999
4-n-Nonylphenol EC 40 0.9995
2,4-DDT uv 2,000 0.9998




Response (LA)

The SPE (Diazem) extraction method gave poor and
variable results. Tap water spiked with standards
(100 ng/L or 100 parts per trillion) showed extraction
efficiencies ranging from 0 (aldicarb) to 50% (propyl
gallate). A typical extracted spiked water sample is
presented in Figure 3.

The IST SPE cartridge used here contains a C2 phase
layered on top of a C18 phase. The short-chain C2 phase
retains lipophilic compounds while the C18 phase retains
the more polar compounds (that pass through the C2
packing). During the elution process, the compounds
retained on the C2 are solvated and pass through the C18.
Layered SPE columns allow for the retention and elution
of analytes with greatly varying degrees of lipophilicity.
The IST SPE cartridge under current investigation is
showing much greater promise with typical extraction
efficiencies of greater than 75%.
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Figure 3. Chromatogram of spiked (100 ng/L) extracted tap water.

Conclusion

Described here is a sensitive, selective and stable gradient-
HPLC method capable of measuring numerous endocrine
disruptors simultaneously. Electrochemically active
analytes are resolved both chromatographically and
voltammetrically for added confidence in analyte
identification. The range of analytes is extended to
non-electrochemically active compounds by the use of
UV detection. The routine use of this method to measure
contaminated water samples is dependent on improving
sample extraction. This is currently being addressed by
using a novel C2 / C18 extraction cartridge.

Ordering Information

Description Part Number
HPG-3400RS Biocompatible Binary Rapid 5040.0046
Separation Pump with two solvent selector valves

WPS-3000TBRS Biocompatible Rapid Separation 5841.0020
Thermostatted Autosampler

CoulArray Thermal Organizer 70-4340T
5600A CoulArray 8-Ch Detetector Inst 120 Vac 70-4324
Accessory Kit, CoulArray Detector to 70-9191

Thermo Scientific™ Dionex™ UltiMate™ 3000 System
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