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DETERMINATION OF ENDOCRINE DISRUPTING
COMPOUNDS IN WATER SAMPLES

BY CHROMATOGRAPHIC ANALYSIS

Under the broad term "endocrine dis-
truptors" refers to all kinds of chemi-
cals that adversely affects the body, al-
tering and destroying regulative func-
tion of the endocrine system. Long-
term intake of these substances into
the body leads to dysfunction of the
endocrine system, is one of the causes
of resistant mutations of DNA, worse-
ning the situation of cancer and gene-
ral health.

ABSTRACT
Review includes articles on the use of gas chromatogra-
phy — mass spectrometry with solid phase microextrac-
tion for analysis of endocrine disrupting compounds in
the water. The review examined the principles of modern
chromatographic methods.

Recently, research has concentrated on emerging toxi-
cological problems such as the presence in drinking wa-
ter of substances which interfere with the function of the
endocrine system, defined endocrine disruptors (EDs).
The most popular methods of determination endocrine
disruptors are chromatographic analysis.

Keywords: endocrine disruptors, gas chromatography
- mass spectrometry, water pollution, modern methods,
green analytical method, solid phase microextraction.

INTRODUCTION
Over the last 10 years worldwide increased interest in the
problem of water pollution by endocrine disruptors. In Ka-
zakhstan, the problem is very urgent, because of the lack
of special research teams involved in addressing the issue
of conservation and ensure the equilibrium of ecological
state of water resources in relation to endocrine disrup-
tors. In the absence of measures for the study of these
compounds in water bodies of the Republic of increa-
sing the risk of increase in the number of severe heredi-

tary diseases of the population, the causes of which are
related to the possible influence of endocrine disruptors.

According to the latest scientific data from the joint re-
port of the United Nations and the World Organization of
Health (2013), regular exposure to chemicals, endocrine
disruptors, are subject to the community in different parts
of the world. [1]

Among endocrine disruptors includes organic com-
pounds used in agriculture and industry as well as in eve-
ryday life. It should be noted that the environmental and
analytical point of view, most of these compounds are
well understood: to determine the maximum allowable
concentration, developed a sensitive method of determi-
nation in the environment.

Currently, however, more and more attention paid to
the problem of environmental pollution by technogenic and
natural hormones, which are the main representatives of
the group of endocrine disruptors. Getting into the environ-
ment through wastewater systems manmade and natural
hormones - estrogen, ethinyl estradiol, and et al., demon-
strate the ability to disrupt the endocrine system of li-
ving organisms [2-4]. The study of more than 50 thousand
inhabitants in the rivers and lakes in Europe has shown
that at least one third of the investigated aquatic animals
acquired female gender. In 2004, 86% of all male fish
caught in 51 cities in Europe, were also hermaphrodites.



The main reason for such mutations — increased con-
tent of ethinyl estradiol in the waters of the river, part of
the hormonal drugs. [5]

High risk of technogenic and natural hormones in rela-
tion to people has caused the need to improve the analyti-
cal base determination of hormones in the environment.

Existing methods for determining endocrine disrup-
tors in water bodies are based on chromatographic ana-
lysis [6-21]. These methods allow you to define the stud-
ied analytes in extremely low concentrations, and the pos-
sibility of a combination of various detection methods pro-
vides both qualitative and quantitative determination of en-
docrine disruptors in water samples with high accuracy.

In this connection, the problem of developing me-
thodological approaches for the detection of endocrine
disruptors in water bodies acquires particular urgency.
An analysis of the existing methodological basis for de-
termining endocrine disruptors in water bodies has shown
that chromatographic analysis is based on this method.
These methods allow us to determine the analytes under
study at extremely low concentrations, and the possibility
of combining different detection methods provides both
qualitative and quantitative determination of endocrine
disruptors in water samples with high accuracy. Howe-
ver, the methods of preparation of samples based on so-
lid phase extraction used for these purposes significantly
complicate the process of determining endocrine disrup-
tors. It is necessary to carry out research to improve the
methods for determining endocrine disruptors and to de-
velop a more effective methodological base.

CHROMATOGRAPHIC METHODS
(GC-MS, SPME)

Among the known analytical assays widely used in the
determination of endocrine destructors found in water
samples chromatographic methods of analysis (Table).
The use of hybrid techniques based on combining
efficient separation of contaminants by chromatographic
techniques accurate identification and quantification
using mass spectrometry allows to separate and identify
extremely small concentrations of endocrine disruptors
in water samples.

The advantage of gas chromatography is an efficient
separation of a large number of components of the mix-
ture being analyzed. Use of mass spectrometric detec-
tion greatly expands the range of the compounds were
determined by gas chromatography. At present, gas chro-
matography is the most widely used method for deter-
mination of persistent organic pollutants. However, the
main drawback of the method of gas chromatography is
a significant limitation of the number of identified com-
pounds. Gas chromatographic method is only applicable
in respect of the volatile organic compounds are stable
at high temperatures.

Determination of non-volatile compounds in the envi-
ronment without prior derivatization is carried out using
HPLC. HPLC method does not require translation de-

fined compounds in the gas phase, which greatly facili-
tates the determination process. Also, the method allows
to separate and identify the components of a high mole-
cular weight. Modern hybrid method based on high per-
formance liquid chromatography coupled with mass spec-
trometry greatly reduce the level of detectable concentra-
tions of pollutants and increase the reliability and efficien-
cy of the method of high performance liquid chromatogra-
phy in the analysis of environmental objects.

However, despite the obvious superiority of methods
based on high performance liquid chromatography cou-
pled with mass spectrometry, these methods have the dis-
advantage of expensive equipment required for analysis,
which plays an important role in the choice of method for
determining pollutants in the environment.

Equipment used in gas chromatography is simple
and relatively inexpensive cost. Service gas chromato-
graphs requires a highly skilled operator, which leads to
the choice of gas chromatography with mass spectro-
metry as a method of determining the endocrine disrup-
tors in water samples.

Gas chromatography with mass spectrometric detec-
tion (GC/MS) due to the high information content at the
moment is an indispensable method for the separation
and analysis of complex mixtures containing volatile or-
ganic compounds (VOCs). A method of solid phase micro-
extraction (SPME), in turn, allows one to selectively ex-
tract analytes for analysis by GC/MS to exclude the use
of organic solvents, and thereby simplifies the process of
sample preparation.

The foreign sources of literature describes the use of
new methods of analysis of water samples. For the ana-
lysis of water were used methods of sample preparation
such as liquid-liquid extraction, solid phase extraction [6-
16], and one of the newer methods of sample preparation
in gas chromatography — solid phase microextraction. [15]

As shown in Table, the common methods of sample
preparation are solid phase microextraction [15] Articles,
solid phase extraction [6-14] articles, and other test me-
thods [16] articles. TFE frequent cases used in conjunc-
tion with HPLC [SPE-HPLC]. The most commonly used
cartridges — capillary and Zorbax Eclipse XDB. In [6-16]
was combined with SPME derivatization reaction and ana-
lysis were carried out on GC-MS.

Solid phase microextraction mainly been applied in
combination with GC-MS to determine its water bodies.
This method allows you to determine the minimum con-
centration of it in the water. The article [15, the study] was
carried out using an electrochemical SPME.

Advantages of gas chromatography with mass spec-
trometric detection cause the choice of this method in
the development of an effective and inexpensive me-
thod for determining endocrine disruptors in water, and
the use of solid-phase microextraction as a sample prep-
aration method eliminates the use of toxic organic sol-
vents, thereby reducing the total cost of analysis and fol-
lowing the requirements of «green» analytical chemistry.
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Table — Chromatographic methods for determining endocrine disruptors in water samples

Water, Sample Method Refe
Analyte - .

From preparation of analysis rence
Parana River | Estriol, 17b-estradiol, 17a-ethynyl- | SPE: HPLC Three C18 chro-| [6]
(Rosario, estradiol, Estrone, naproxen, dro- | - Empore Octadecyl C18 matographic columns:
Argentina) spirenone, norethisterone acetate, | Conditioned (1 mL) of methanol -Zorbax Eclipse XDB (4.6

androstenedione, diazepam

Eluted-methanol Evaporated-nitrogen
stream, preconcentration factor (2 500)

mme150 mme5 mm);
-Poroshell 120 EC (4.6
mme+100 mme+2.7 mm)
Poroshell 120 EC (4.6
mme<50 mme2.7 mm)

Yangtze River
Delta along

Estriol, B-estradiol;
-a-estradiol;

SPE:
-Oasis HLB cartridge, pre-conditioned — 10

-Acquity UPLC system;
-HSS T3 column (100

[7]

China's eas- | -equilin, 17a-ethinylestradiol, es- | mL methanol+10 mL pure water, flow rate — | mme+2.1 mme1.8 ym)
tern Coast, trone; 10 mL min~*, basic interference washing —
Huangpu Ri- | -dienestrol, diethylstilbestrol, he- | 8 mL of 5% methanol;
ver xestrol; -aqueous solution (v/v) containing 2% ace-
- bisphenol A, 4-tertbutylphenol, | tic acid (v/v);
4-n-nonylphenol, norethindrone, | -acidic interferences washing — 8 mL 5%
17-hydroxyprogeste-rone; methanol aqueous solution (v/v) containing
-progesterone 2% ammonium-hydroxide (v/v), cartridger-
insed: 8 mL of 65% methanol aqueous so-
lution (v/v), dried under vacuum for 30min;
-eluted: 10 mL methanol
River Seine |-17B-estradiol, estrone; SPE: -JASCO HPLC-UV [8]
-tetrabromobisphenol, ethinylestra- | -Oasis HLB cartridges; C18 column 4.6 mme+150
diol, 4-nonylphenol, -cartridges washed — 10 mL methanol+10 | mme5 pym;
2,4,6-triiodophenol, pentachloro- | mL purified water; -C18 column 2.1 mm+150
phenol, L-triiodothyronine -eluted —10 mL methanol, mme5 ym
-evaporated temperature (-40° C)
Millipore Qua- | -17R-estradiol, diethylstilbestrol, | SPE: Gas Chromatograph [10]
lity water, 4-hydroxytamoxifen, bisphenol A, [-C18 cartridges conditioned —15 ml me- | HP-5MS fused silica ca-
Millipore Elix- | 4-octylphenol, 4-n-nonylphenol, |thanol+15 ml n-hexane, dried temp. (-30° C), | pillary column (5% diphe-
Type Il analy- | hexadecane, methanol, n-hexane, | eluted — 10 ml methanol+10 ml n-hexane, | nyl — 95% dimethylpoly-
tic grade wa- | dimethyl sulfoxide eluate dried — rotavapor, extract dissolved; | siloxane, 30 m+0.25 mm
ter, bidistilled -DMSO, stored temp. (-20° C); i.d., 0.25 ym) coupled with
water, drin- OASIS™ cartridges conditioned — 15 ml|a deactivated silica pre-

king tap water

methanol+15 ml water;

-dried temp. (-30° C), washed — 5% (v/v)
methanol-water, eluted — 12 ml methanol,
solvent evaporated-rotavapor, extract dis-
solved — DMSO, stored temp. (-20 °C)

column (2 m+0.32 mmi.d.)

Waste-water | Estrone (E1), 17b-estradiol (E2), | -Filtered through Whatman GF/F HPLC module [11]
from River 17a-ethinylestradiol (EE2) filters (0.7 Im pore size) before SPE; C18 column (2.1+100 mme
Ray, UK -SPE cartridges (Oasis HLB, 200 mg of sor- | 3.5 Im),
bent); mobile phase eluents — A
-conditioned- ethyl acetate (5 mL)+10 mL | (0.1% formic acid in wa-
methanol, dried under full vacuum for 30 |ter), B (acetonitrile), C
min, eluted — 15 mL methanol (methanol) at 0.2 mL min*!
Surface wa- | Seven phenolic compounds, SPE: -Gas chromatograph-| [12]

ter from Pearl
Rivers, South
China

eleven acidic pharmaceutical,
three herbicides, 2,4-dichlorophe-
ny-lacetic acid, 4-n-nonylphenol,
bisphenol-A, estrone-2,4,16,16-D,,
8C-labelledtriclosan

-solid phase extraction cartridge;
-conditioned —10 mL methanol; eluted — 7
mL methanol +5 mL dichloromethane;
-dried under a gentle nitrogen stream;
-redissolved in 1 mL of methanol.

MSD mass spectrometer
with a chemical ionization;
-DB35-MS capillary co-
lumn (30 m+0.25 mm<0.25
pm)

South-eastern
Spain

-Acetylsalicylic acid, carbamaze-
pine, chloramphenicol, clofibrica-
cid, diclofenac, florfenicol, flunixin;
-ibuprofen, ketoprofen, mefenami-
cacid, metoprolol, naproxen, niflu-
mic acid, paracetamol, phenylbuta-
zone, propranolol, pyrimethamine,
thiamphenicol, 17a-ethinylestradi-
ol, 17b-estradiol, estrone

-100 mL of aqueous sample

pH of 7 with NaOH or HCI and passed at 4
mLmin-* through the sorbent column, elu-
ted — 400 pL of ethyl acetate containing 500
ug Lt of triphenylphosphate (IS); organic ex-
tract concentrated to a volume of 35 IL un-
der a stream of ultra-high-purity N,;

-70 pL of BSTFA+1% TMCS (derivatizing
agent)+sample extract of 35 pL

Gas-chromatograph
DB-5 fused silica capillary
column

(30 m<0.25 mm i.d., 0.25
pm) coated with 5% phe-
nylme-thylpolysiloxane

(3]




Seawater
from coastal

Diethyl phthalate, di-n-butyl phtha-
late, butyl benzyl phthalate, bisphe-

-EE-SPME
SPME holder connected via cable wires to

Gas chromatogram-mass
spectrometer

[14]

area of nol A the DC power supply; -positive voltage (+32 | AnHP-1 methylsiloxan co-
Al-Khobar V) was applied to the SPME fiber; lumn (30 mx320 pym [.D.
-negative (-32 V) was applied to the inert |1 mm)
metallic;
-SPME fiber (30 um polydimethylsiloxane)
was immersed in sample solution;
-sample was agitated — 800 rpm for 20 min
Mississippi Triclosan, ibuprofen, clofibric ac- | Oxidation treatment procedures: -Trap mass spectrome-| [15]
river id, estrone, estradiol, estriol, ethy- | -DI water and natural water buf-fered — 5 mM | ter HPLC
nylestradiol, phosphate (NaH,PO,/Na,HPO,), pH 6.6 and | supelco C-18 150+2.1
iopromide 8.6 for lab water, pH 8.6 for natural water; | mm,
-concentrations of EDCs and pharmaceu- | 5 micron particle-size co-
ticals ranged from 1 to 20 pg/L, the oxi- | lumn;
dant concentrations used were 1 mg/L free | -mobile phases — 5 mM
chlorine+permanganate, 2 mg/L ozone, 3 | ammonium acetate in DI
mg/L monochloramine; reaction time — 5 h | water+acetonitrile
CONCLUSION ONPEAOENEHUE SHOOKPUHHbIX

In this work was considered a green analytical methodo-
logy for the determination of residues of steroid hor-
mones in water samples. Residues of these compounds
pose a potential risk to wildlife and humans as a result
of eating contaminated food or water. Before detec-
tion, it is necessary to perform a sample preparation
to achieve high recovery and minimize the presence of
interference. The need for new analytical methodolo-
gies that use less dangerous chemicals has led to the
development of new approaches. Among such green
analytical methodologies, the most popular and used
method is the SPME method.
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PA3PYLUUTENEN B OBGPA3LIAX
BOAbl XPOMATOIMPA®UYECKUM
METOOOM

MpeacraBnsembii 0630p NUTEpaTypbl BKAOYAET B cebsi
OaHHble U3 cTaTeln pa3HbIX aBTOPOB MO NPYMEHEHMIO ra-
30BOW XpomMaTorpadunmn-mMmacc-cnekTpoMeTpum ¢ TBEPAO-
¢hasHoOM MUKPOIKCTpaKunen aAng aHannaa aH40KPUHHBIX
paspyLunTenen B Boge.

B nccnenoBaHmnm paccMoOTpeHbI MPUHLMIMBI COBPEMEH-
HbIX XpOMaTorpanuyecknx MeToa0B.

B nocrnenHee Bpems nccnegoBaHus Obinv cocpeno-
TOYEHbI HA BO3HMKAOLLMX TOKCUKONOrM4ecknx npobne-
Max: HanM4MM B NUTLEBON BOAE BELLECTB, NPEnsTCTBYHO-
LUMX PYHKLMOHMPOBaHWIO 3HAOKPUHHOWM CUCTEMbI 1 onpe-
[OeneHHbIX 3HOOKPUHHbBIX pa3pyLumTeneit. Hanbonee nony-
NApPHBIMK NS onNpeaeneHnst 3HA0KPUHHbIX paspyLuMTenein
SBNSAOTCA XpomaTorpadmyeckne MeToabl.

KntoueBble cnoBa: 3HAOKPUHHBLIE pa3pyLUMTENM, ra-
30Basi xpomaTorpagus-macc-CnekTpOMETpUs, 3arpsasHe-
HVe BOAbl, 3eMNeHbI aHanUTUYeCcKMn meToa, Teepgodas-
Hasi MMKPO3KCTpaKLWsI.
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HOBOCTH 3JPABOOXPAHEHUWA

Tpenasnl 2020: ot UaaycTpuu 4.0 k Papme 4.0

B xoae ompoca, IIpOBEIEHHOI'0 B paMKax €KeroJHou eBpomneirickoll koHdepennuu ISPE, mpo-
deccroHaIbI OTPACIU OIIPEACIMIIN CIEAYIONINE YTBEPIKICHNA, Kak Hanbojee COOTBETCTBYIOIIIE
CMBICIIy ¥ oaxoAaM HanpasiaeHusa @apma 4.0, nmerornyie HanbobIee BIUSHIE HA ee KOHIIEelI-
IIUI0, 1 OCHOBHBIE (PAKTOPHI ycIiexa:

® IIeJIOCTHOCTD JAHHBIX;

® QHAJIIMTHKA U IPEJUKATUBHBIN KOHTPOJIb — 3TO U CPEJCTBA, U LEJH;

® KAPTHUPOBAHME IIPOLIECCOB U IIOTOKOB JAHHBIX;

e aBpTOMaTH3aluA U HenpepbiBHasA (Continuous) BepuguKaIysa IIporeccos;

¢ KBAJIM(UKAIUA U OIBIT COTPYAHUKOB;

e IIO//IEPKKa BBICIIIETO PYKOBOJICTBA.

LeneBas rpynma ISPE ®apwma 4.0 pazpaboTana oreparrioHHyI0 MOJEeNb JUIST BHEIPEHUA KOH-
nenmum «MEaycTpua 4.0» B papMaieBTUIECKYIO IIPOMBIIIUIEHHOCTb.

OnepayuoHHast modens Papma 4.0 paccMaTpUBaeT ABa KIOYEBBIX (haKkTopa: 3pesiocTh B
IIPUMEHEHUHN ITU(PPOBBIX TEXHOJIOIUM M o6ecliedyeHHue IeJIOCTHOCTU JAaHHBIX, a TaKkKe YeThIpe
CcerMeHTa WM o0JIacTU Pa3BUTHSA: PeCypchbl, MH(POPMAITMOHHbIE CUCTEMBI, KyJIETypPy KOMMYHU-
KallU U IPUHATHA PEIIeHNM, OpraHU3alluio U IIPOIIEeCCHI.

Hugposas 3penocms — 3TO CTENEHb, 110 JOCTHKEHNN KOTOPOI BCce OpraHW3allly, B3anMO-
JIeMCTBYIOIIIME B CETH, PA30BBIOT I POBbIE BO3MOKHOCTH BO BCEX YETBIPEX CETMEHTax ollepa-
ITMOHHOM MOJIEJIH.

ITenocmHocms  OAHHbLLX — CTENEHb IIOJHOTEI, IOCJIEIOBATEIBHOCTH ¥ TOYHOCTU JAHHBIX Ha
MIPOTSIKEHNUH BCETO UX KU3HEHHOT0 IMKJIa, OCHOBA (hapMalleBTUYECKOM CHUCTEeMBbl KadecTBa.

Pecypcot — kazpbl. [ToAroToBKaA CIENMAINCTOB — HEIPEMEHHOE YCIOBUE YCIIENTHOI'0 pa3BU-
TUA oTpaciu. [ToaToMy aBmkeHne «Mosoable ITpogdeCCHoHAIbD IITUPOKO MONEPKUBAIOT B EB-
polie BeayIye MUPOBbIe (papMalrieBTUYeCcKre koMIaHuy. K HeMy IIpHCOeNHAI0TCA BBIITYCKHHU-
KU By30B C TEXHUYECKUM WJIM €CTECTBEHHBIM 1 HAyYHBIM 00pa3oBaHUEM, MOJIOAbIE COTPYIHUKNI
KOMITAaHUY ¢ Ha4YaJIbHBIM OOBITOM paboThl B 6rodapMalieBTUKe, MHKUHUPUHTE, PeryIaTOPUKe.

HH@opmayuoHHble cucmembl — COMOTEXHIYEeCKUEe HHTETPUPOBAHHbBIE CUCTEMBI, KOTOPHIE I10-
JIy4JaroT JaHHBIEe 1 MHPOpMAITUIo, 00padaThIBAIOT UX U IIPEIOCTABIIAIOT B BH/Ie KOHTEKCT OPUEHTH-
poBaHHOU mHMopMar. KynsTypa oXBaTBIBAET CUCTEMY IIEHHOCTEH BHYTPH KOMITAHUH U TAKUM
06pa3oM OIHCHIBAET «MATKHE» (PaKTOPHI COTPYAHUYECTBA, HEIIPEePhIBHOE YIIyUIIIeHUe U 00ydeHe.

Opearnusauust u npoueccol — 3(ppekTUBHOE 1 6e301acHoe B3aUMOIEUCTBHE TP Nepeaade
nHopMali BHYTPHU KOMIIAaHUHU U BHE €e.

KnroueBbiM pakTOpoM paboThl apMOTPACIH, HAPSLY CO 3PEJIOCThI0 B IPUMEHEHUHN [T po-
BBIX TEXHOJIOTUH, ABJIAETCA HEJIOCTHOCTh JaHHBIX. TpeboBaHMA [j1g ee o6eciedeHUs pacIipocTpa-
HAIOTCA Ha WHQPOPMAIUIO Ha OyMarKHbBIX U 3JI€KTPOHHBIX HOCUTEJIAX, IIPUYEM Ha IIPOTIKEHUN
BCET0 KM3HEHHOTI'0 ITUKJIA JaHHBIX. 1[eJIOCTHOCTD JJaHHBIX JOJI3KHA ObITh BCTPOEHA B hapMalieB-
TUYECKYIO CUCTEMYy KavecTBa, YTOOBI rapaHTHPOBATh KAYECTBO JIEKAPCTB, IIPUHATHUA PEIIeHUH
U, B KOHEYHOM UTOre, 3JJ0POBbE U 0€30I1aCHOCTh IIaIIeHTOB.

fABnAeTca MU MOHATHE (IeJIOCTHOCTD JIAHHBIX» Y€M-TO HOBBIM, BHOCUMBIM BIE€PBBIE B CBA3U C
npuHAaTHeM KoHLennuu ®@apma 4.0? OTHIOAL HET. KpUTEpUU OTCIIEKUBAEMOCTU, YUTAEMOCTH,
CBOEBPEMEHHOCTH, ITOJJTMHHOCTU Y TOYHOCTH, COCTaBJISAIOIIIE OCHOBY II€JIOCTHOCTH JIAHHBIX, fAB-
JsroTca Tpeb6oBaHuaMHU npaBuil GMP. PerynaTopHble O:KHUJQHUA COCTOAT B TOM, YTO JAaHHBIE,
IIpeIoCTaBIIsAeMbIe IIPOM3BOUTEIIEM PETYIATOPY U UCIIOIb3yeMble IPOU3BOAUTEIEM B CBOEU MO-
BCEIHEBHOM JIeATE€JIBHOCTHU, SABJISIOTCSA I1€JIOCTHBIMMU.
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