








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.
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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. Ф
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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. 

СHROMATOGRAPHIC METHODS 
(GC-MS, SPМE)

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,
From Analyte Sample 

preparation
Method 

of analysis
Refе
rence

Paraná River 
(Rosario, 
Argentina)

Estriol, 17b-estradiol, 17a-ethynyl-
estradiol, Estrone, naproxen, dro-
spirenone, norethisterone acetate,
androstenedione, diazepam

SPE: 
- Empore Octadecyl C18
Conditioned (1 mL) of methanol 
Eluted-methanol Evaporated-nitrogen 
stream, preconcentration factor (2 500)

HPLC Three C18 chro-
matographic columns:
-Zorbax Eclipse XDB (4.6 
mm•150 mm•5 mm);
-Poroshell 120 EC (4.6 
mm•100 mm•2.7 mm)
Poroshell 120 EC (4.6 
mm•50 mm•2.7 mm)

[6]

Yangtze River 
Delta along 
China's eas- 
tern Coast,
Huangpu Ri- 
ver

Estriol, β-estradiol; 
-α-estradiol;
-equilin, 17α-ethinylestradiol, es-
trone;
-dienestrol, diethylstilbestrol, he- 
xestrol; 
- bisphenol A, 4-tertbutylphenol, 
4-n-nonylphenol, norethindrone, 
17-hydroxyprogeste-rone;
-progesterone

SPE: 
-Oasis HLB cartridge, pre-conditioned – 10 
mL methanol+10 mL pure water, flow rate – 
10 mL min−1, basic interference washing – 
8 mL of 5% methanol;
-aqueous solution (v/v) containing 2% ace-
tic acid (v/v); 
-acidic interferences washing – 8 mL 5% 
methanol aqueous solution (v/v) containing 
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

-Acquity UPLC system;
-HSS T3 column (100 
mm•2.1 mm•1.8 μm)

[7]

River Seine -17β-estradiol, estrone; 
-tetrabromobisphenol, ethinylestra-
diol, 4-nonylphenol, 
2,4,6-triiodophenol, pentachloro-
phenol, L-triiodothyronine

SPE: 
-Oasis HLB cartridges;
-cartridges washed – 10 mL methanol+10 
mL purified water; 
-eluted –10 mL methanol;
-evaporated temperature (-40° C)

-JASCO HPLC-UV
C18 column 4.6 mm•150 
mm•5 μm;
-C18 column 2.1 mm•150 
mm•5 μm

[8]

Millipore Qua-
lity water,
Millipore Elix-
Type II analy-
tic grade wa-
ter, bidistilled 
water, drin- 
king tap water

-17ß-estradiol, diethylstilbestrol, 
4-hydroxytamoxifen, bisphenol A,
4-octylphenol, 4-n-nonylphenol,
hexadecane, methanol, n-hexane,
dimethyl sulfoxide 

SPE: 
-C18 cartridges conditioned –15 ml me- 
thanol+15 ml n-hexane, dried temp. (-30° C),
eluted – 10 ml methanol+10 ml n-hexane, 
eluate dried – rotavapor, extract dissolved; 
-DMSO, stored temp. (-20° C); 
OASISTM cartridges conditioned – 15 ml 
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)

Gas Chromatograph 
HP-5MS fused silica ca- 
pillary column (5% diphe-
nyl – 95% dimethylpoly-
siloxane, 30 m•0.25 mm 
i.d., 0.25 μm) coupled with 
a deactivated silica pre-
column (2 m•0.32 mm i.d.)

[10]

Waste-water  
from River 
Ray, UK

Estrone (E1), 17b-estradiol (E2), 
17a-ethinylestradiol (EE2)

-Filtered through Whatman GF/F
filters (0.7 lm pore size) before SPE;
-SPE cartridges (Oasis HLB, 200 mg of sor-
bent); 
-conditioned- ethyl acetate (5 mL)+10 mL 
methanol, dried under full vacuum for 30 
min, eluted – 15 mL methanol

HPLC module
C18 column (2.1•100 mm• 
3.5 lm),
mobile phase eluents – A 
(0.1% formic acid in wa-
ter), B (acetonitrile), C 
(methanol) at 0.2 mL min-1

[11]

Surface wa-
ter from Pearl 
Rivers, South 
China

Seven phenolic compounds, 
eleven acidic pharmaceutical,
three herbicides, 2,4-dichlorophe- 
ny-lacetic acid, 4-n-nonylphenol, 
bisphenol-A, estrone-2,4,16,16-D4, 
13C-labelledtriclosan

SPE: 
-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.

-Gas chromatograph-
MSD mass spectrometer 
with a chemical ionization;
-DB35-MS capillary co-
lumn (30 m•0.25 mm•0.25 
μm)

[12]

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 HCl and passed at 4 
mLmin-1 through the sorbent column, elu- 
ted – 400 µL of ethyl acetate containing 500 
µg L1 of triphenylphosphate (IS); organic ex-
tract concentrated to a volume of 35 lL un-
der a stream of ultra-high-purity N2; 
-70 µL of BSTFA+1% TMCS (derivatizing 
agent)+sample extract of 35 µL

Gas-chromatograph
DB-5 fused silica capillary 
column
(30 m•0.25 mm i.d., 0.25 
μm) coated with 5% phe-
nylme-thylpolysiloxane

[13]
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CONCLUSION
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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Seawater 
from coastal 
area of 
Al-Khobar

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

-EE-SPME
SPME holder connected via cable wires to 
the DC power supply; -positive voltage (+32 
V) was applied to the SPME fiber; 
-negative (-32 V) was applied to the inert 
metallic;
-SPME fiber (30 μm polydimethylsiloxane) 
was immersed in sample solution; 
-sample was agitated – 800 rpm for 20 min

Gas chromatogram-mass 
spectrometer
AnHP-1 methylsiloxan co- 
lumn (30 m×320 μm I.D.
•1 mm)

[14]

Mississippi 
river

Triclosan, ibuprofen, clofibric ac-
id, estrone, estradiol,  estriol, ethy-
nylestradiol,
iopromide

Oxidation treatment procedures:
-DI water and natural water buf-fered – 5 mM 
phosphate (NaH2PO4/Na2HPO4), pH 6.6 and 
8.6 for lab water, pH 8.6 for natural water; 
-concentrations of EDCs and pharmaceu-
ticals ranged from 1 to 20 μg/L, the oxi-
dant concentrations used were 1 mg/L free 
chlorine+permanganate, 2 mg/L ozone, 3 
mg/L monochloramine; reaction time – 5 h

-Trap mass spectrome-
ter HPLC
supelco C-18 150•2.1 
mm,
5 micron particle-size co- 
lumn;
-mobile phases – 5 mM 
ammonium acetate in DI 
water+acetonitrile

[15]

ОПРЕДЕЛЕНИЕ ЭНДОКРИННЫх 
РАЗРУшИТЕЛЕй В ОБРАЗЦАх 

ВОДЫ хРОМАТОГРАФИЧЕСКИМ 
МЕТОДОМ

Представляемый обзор литературы включает в себя 
данные из статей разных авторов по применению га-
зовой хроматографии-масс-спектрометрии с твердо-
фазной микроэкстракцией для анализа эндокринных 
разрушителей в воде. 

В исследовании рассмотрены принципы современ-
ных хроматографических методов.

В последнее время исследования были сосредо-
точены на возникающих токсикологических пробле-
мах: наличии в питьевой воде веществ, препятствую-
щих функционированию эндокринной системы и опре-
деленных эндокринных разрушителей. Наиболее попу-
лярными для определения эндокринных разрушителей 
являются хроматографические методы.

Ключевые слова: эндокринные разрушители, га-
зовая хроматография-масс-спектрометрия, загрязне-
ние воды, зеленый аналитический метод, твердофаз-
ная микроэкстракция.
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НОВОСТИ  ЗДРАВООХРАНЕНИЯ

Тренды 2020: от Индустрии 4.0 к Фарме 4.0
В ходе опроса, проведенного в рамках ежегодной европейской конференции ISPE, про-
фессионалы отрасли определили следующие утверждения, как наиболее соответствующие 
смыслу и подходам направления Фарма 4.0, имеющие наибольшее влияние на ее концеп-
цию, и основные факторы успеха:

• целостность данных;
• аналитика и предикативный контроль – это и средства, и цели;
• картирование процессов и потоков данных;
• автоматизация и непрерывная (Continuous) верификация процессов;
• квалификация и опыт сотрудников;
• поддержка высшего руководства.
Целевая группа ISPE Фарма 4.0 разработала операционную модель для внедрения кон-

цепции «Индустрия 4.0» в фармацевтическую промышленность.
Операционная модель Фарма 4.0 рассматривает два ключевых фактора: зрелость в 

применении цифровых технологий и обеспечение целостности данных, а также четыре 
сегмента или области развития: ресурсы, информационные системы, культуру коммуни-
кации и принятия решений, организацию и процессы.

Цифровая зрелость – это степень, по достижении которой все организации, взаимо-
действующие в сети, разовьют цифровые возможности во всех четырех сегментах опера-
ционной модели. 

Целостность данных – степень полноты, последовательности и точности данных на 
протяжении всего их жизненного цикла, основа фармацевтической системы качества.

Ресурсы – кадры. Подготовка специалистов – непременное условие успешного разви-
тия отрасли. Поэтому движение «Молодые профессионалы» широко поддерживают в Ев-
ропе ведущие мировые фармацевтические компании. К нему присоединяются выпускни-
ки вузов с техническим или естественным и научным образованием, молодые сотрудники 
компаний с начальным опытом работы в биофармацевтике, инжиниринге, регуляторике. 

Информационные системы  – социотехнические интегрированные системы, которые по-
лучают данные и информацию, обрабатывают их и предоставляют в виде контекст ориенти-
рованной информации. Культура охватывает систему ценностей внутри компании и таким 
образом описывает «мягкие» факторы сотрудничества, непрерывное улучшение и обучение.

Организация и процессы – эффективное и безопасное взаимодействие при передаче 
информации внутри компании и вне ее.

Ключевым фактором работы фармотрасли, наряду со зрелостью в применении цифро-
вых технологий, является целостность данных. Требования для ее обеспечения распростра-
няются на информацию на бумажных и электронных носителях, причем на протяжении 
всего жизненного цикла данных. Целостность данных должна быть встроена в фармацев-
тическую систему качества, чтобы гарантировать качество лекарств, принятия решений 
и, в конечном итоге, здоровье и безопасность пациентов.

Является ли понятие «целостность данных» чем-то новым, вносимым впервые в связи с 
принятием концепции Фарма 4.0? Отнюдь нет. Критерии отслеживаемости, читаемости, 
своевременности, подлинности и точности, составляющие основу целостности данных, яв-
ляются требованиями правил  GMP. Регуляторные ожидания состоят в том, что данные, 
предоставляемые производителем регулятору и используемые производителем в своей по-
вседневной деятельности, являются целостными.

gmpnews.ru
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