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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 

 
 

 
   



ISSN 2224-5278                                                                                 Серия геологии  и технических наук. № 3. 2018 
 

 
3 

Б а с  р е д а к т о р ы 
 

э. ғ. д., профессор, ҚР ҰҒА академигі 
 

И.К. Бейсембетов  
 

Бас редакторының орынбасары 
 

Жолтаев Г.Ж. проф., геол.-мин. ғ. докторы 
 

Р е д а к ц и я  а л қ а с ы: 
 

Абаканов Т.Д. проф. (Қазақстан)  
Абишева З.С. проф., академик (Қазақстан)  
Агабеков В.Е. академик (Беларусь) 
Алиев Т. проф., академик (Əзірбайжан)  
Бакиров А.Б. проф., (Қырғыстан) 
Беспаев Х.А. проф. (Қазақстан)  
Бишимбаев В.К. проф., академик (Қазақстан)  
Буктуков Н.С. проф., академик (Қазақстан)  
Булат А.Ф. проф., академик (Украина)  
Ганиев И.Н. проф., академик (Тəжікстан)  
Грэвис Р.М. проф. (АҚШ)  
Ерғалиев Г.К. проф., академик (Қазақстан) 
Жуков Н.М. проф. (Қазақстан)  
Кенжалиев Б.К. проф. (Қазақстан)  
Қожахметов С.М. проф., академик (Казахстан)  
Конторович А.Э. проф., академик (Ресей)  
Курскеев А.К. проф., академик (Қазақстан)  
Курчавов А.М. проф., (Ресей)  
Медеу А.Р. проф., академик (Қазақстан)  
Мұхамеджанов М.А. проф., корр.-мүшесі (Қазақстан) 
Нигматова С.А. проф. (Қазақстан)  
Оздоев С.М. проф., академик (Қазақстан)  
Постолатий В. проф., академик (Молдова)  
Ракишев Б.Р. проф., академик (Қазақстан)  
Сейтов Н.С. проф., корр.-мүшесі (Қазақстан)  
Сейтмуратова Э.Ю. проф., корр.-мүшесі (Қазақстан)  
Степанец В.Г. проф., (Германия)  
Хамфери Дж.Д. проф. (АҚШ)  
Штейнер М. проф. (Германия) 

 
 

«ҚР ҰҒА Хабарлары. Геология мен техникалық ғылымдар сериясы».   
ISSN 2518-170X (Online),  
ISSN 2224-5278 (Print) 
Меншіктенуші: «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ (Алматы қ.). 
Қазақстан республикасының Мəдениет пен ақпарат министрлігінің Ақпарат жəне мұрағат комитетінде 
30.04.2010 ж. берілген №10892-Ж мерзімдік басылым тіркеуіне қойылу туралы куəлік. 
 

Мерзімділігі: жылына 6 рет. 
Тиражы: 300 дана. 
 

Редакцияның мекенжайы: 050010, Алматы қ., Шевченко көш., 28, 219 бөл., 220, тел.: 272-13-19, 272-13-18, 
http://nauka-nanrk.kz /geology-technical.kz 
 

© Қазақстан Республикасының Ұлттық ғылым академиясы, 2018 
 

Редакцияның  Қазақстан, 050010, Алматы қ., Қабанбай батыра көш., 69а. 
мекенжайы: Қ. И. Сəтбаев атындағы геология ғылымдар институты, 334 бөлме. Тел.:  291-59-38. 
 

Типографияның мекенжайы: «Аруна» ЖК, Алматы қ., Муратбаева көш., 75.  



Известия Национальной академии наук Республики Казахстан 
  

   
4  

Г л а в н ы й  р е д а к т о р 
 

д. э. н., профессор, академик НАН РК 
 

И. К. Бейсембетов 
 

Заместитель главного редактора 
 

Жолтаев Г.Ж. проф., доктор геол.-мин. наук 
 

Р е д а к ц и о н н а я  к о л л е г и я: 
 

Абаканов Т.Д. проф. (Казахстан)  
Абишева З.С. проф., академик (Казахстан)  
Агабеков В.Е. академик (Беларусь) 
Алиев Т. проф., академик (Азербайджан)  
Бакиров А.Б. проф., (Кыргызстан) 
Беспаев Х.А. проф. (Казахстан)  
Бишимбаев В.К. проф., академик (Казахстан)  
Буктуков Н.С. проф., академик (Казахстан)  
Булат А.Ф. проф., академик (Украина)  
Ганиев И.Н. проф., академик (Таджикистан)  
Грэвис Р.М. проф. (США)  
Ергалиев Г.К. проф., академик (Казахстан) 
Жуков Н.М. проф. (Казахстан)  
Кенжалиев Б.К. проф. (Казахстан)  
Кожахметов С.М. проф., академик (Казахстан)  
Конторович А.Э. проф., академик (Россия)  
Курскеев А.К. проф., академик (Казахстан)  
Курчавов А.М. проф., (Россия)  
Медеу А.Р. проф., академик (Казахстан)  
Мухамеджанов М.А. проф., чл.-корр. (Казахстан) 
Нигматова С.А. проф. (Казахстан)  
Оздоев С.М. проф., академик (Казахстан)  
Постолатий В. проф., академик (Молдова)  
Ракишев Б.Р. проф., академик (Казахстан)  
Сеитов Н.С. проф., чл.-корр. (Казахстан)  
Сейтмуратова Э.Ю. проф., чл.-корр. (Казахстан)  
Степанец В.Г. проф., (Германия)  
Хамфери Дж.Д. проф. (США)  
Штейнер М. проф. (Германия) 

 
 

«Известия НАН РК. Серия геологии и технических наук».   
ISSN 2518-170X (Online),  
ISSN 2224-5278 (Print) 
Собственник: Республиканское общественное объединение «Национальная академия наук Республики 
Казахстан (г. Алматы) 
Свидетельство о постановке на учет периодического печатного издания в Комитете информации и архивов 
Министерства культуры и информации Республики Казахстан №10892-Ж, выданное 30.04.2010 г. 
 

Периодичность: 6 раз в год 
Тираж: 300 экземпляров 
 

Адрес редакции: 050010, г. Алматы, ул. Шевченко, 28, ком. 219, 220,  тел.: 272-13-19, 272-13-18, 
http://nauka-nanrk.kz /geology-technical.kz 

 
 Национальная академия наук Республики Казахстан, 2018 

 

Адрес редакции: Казахстан, 050010, г. Алматы, ул. Кабанбай батыра, 69а. 
 Институт геологических наук им. К. И. Сатпаева, комната 334. Тел.:  291-59-38. 
 

Адрес типографии: ИП «Аруна», г. Алматы, ул. Муратбаева, 75  



ISSN 2224-5278                                                                                 Серия геологии  и технических наук. № 3. 2018 
 

 
5 

E d i t o r  i n  c h i e f 
 

doctor of Economics, professor, academician of NAS RK 
 

I. K. Beisembetov 
 

Deputy editor in chief 
 

Zholtayev G.Zh. prof., dr. geol-min. sc. 
 

E d i t o r i a l  b o a r d:  
 

Abakanov Т.D. prof. (Kazakhstan)  
Abisheva Z.S. prof., academician (Kazakhstan)  
Agabekov V.Ye. academician (Belarus) 
Aliyev Т. prof., academician (Azerbaijan)  
Bakirov А.B. prof., (Kyrgyzstan) 
Bespayev Kh.А. prof. (Kazakhstan)  
Bishimbayev V.K. prof., academician (Kazakhstan)  
Buktukov N.S. prof., academician (Kazakhstan)  
Bulat А.F. prof., academician (Ukraine)  
Ganiyev I.N. prof., academician (Tadjikistan)  
Gravis R.М. prof. (USA)  
Yergaliev G.K. prof., academician (Kazakhstan) 
Zhukov N.М. prof. (Kazakhstan)  
Kenzhaliyev B.K. prof. (Kazakhstan)  
Kozhakhmetov S.М. prof., academician (Kazakhstan)  
Kontorovich А.Ye. prof., academician (Russia)  
Kurskeyev А.K. prof., academician (Kazakhstan)  
Kurchavov А.М. prof., (Russia)  
Medeu А.R. prof., academician (Kazakhstan)  
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan) 
Nigmatova S.А. prof. (Kazakhstan)  
Ozdoyev S.М. prof., academician (Kazakhstan)  
Postolatii V. prof., academician (Moldova)  
Rakishev B.R. prof., academician (Kazakhstan)  
Seitov N.S. prof., corr. member. (Kazakhstan)  
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)  
Stepanets V.G. prof., (Germany)  
Humphery G.D. prof. (USA)  
Steiner М. prof. (Germany) 

 

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology 
sciences.   
ISSN 2518-170X (Online),  
ISSN 2224-5278 (Print) 
Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)  
The certificate of registration of a periodic printed publication in the Committee of information and archives of the 
Ministry of culture and information of the Republic of Kazakhstan N 10892-Ж, issued 30.04.2010  
 

Periodicity: 6 times a year  
Circulation: 300 copies  
 

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18, 
http://nauka-nanrk.kz/geology-technical.kz 
 
 

© National Academy of Sciences of the Republic of Kazakhstan, 2018 
 

Editorial address:  Institute of Geological Sciences named after K.I. Satpayev 
 69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38. 
 

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty   



ISSN 2224-5278                                                                                 Серия геологии  и технических наук. № 3. 2018 
 

 
75 

N E W S 
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN 

SERIES OF GEOLOGY AND TECHNICAL SCIENCES 

ISSN 2224-5278 

Volume 3, Number 429 (2018), 75 – 83 
 
 
UDC 543.067.5 

 
A. K. Kurbaniyazov1, P. N. Makkaveev2, P. O. Zavialov2, B. Yusupov1 

 
1Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkestan, Kazakhstan, 

2P. P. Shirshov Institute of Oceanology of the Russian Academy of Sciences, Moscow, Russia. 
E-mail: abilgazi@mail.ru, makkaveev55@mail.ru, gordeev@ocean.ru 

 

INVESTIGATION OF CHEMICAL COMPOSITION OF  
THE ARAL SEA WATER IN AUTUMN SEASONS OF 2012AND 2013 

 
Abstract. The water level in the Aral Sea started drastically decreasing from the 1960s onward. The reduction 

in the volume and area of the sea has led to significant changes in the hydrological, chemical and natural biological 
structure of the water. Regular observations of the chemical composition of the Aral Sea stopped in the early 90s. 
There were practically no observations of biogenic elements and the oxygen regime of water (the so-called "first 
day" analyses). 

In September 2012 and October 2013, a complex of hydrochemical observations, including the measurement of 
the content of biogenic elements, dissolved oxygen, the concentration of hydrogen sulfide and components of the 
carbonate equilibrium, was carried out within the framework of international expeditions. The determinations were 
carried out directly on the seashore in a temporary laboratory. The main purpose of the work was to determine the 
content of nutrients in the water of the Aral Sea and to develop methods for hydrochemical studies in conditions of 
increased salinity (mineralization) of water. In addition, samples were collected to determine the total mineralization 
of water and the content of dissolved and suspended forms of metals. It was shown that the small depth of the sea 
and the high intensity of the processes of vertical transport of substances allowed that seasonal changes in the 
chemical composition affected the entire vertical water. Deeper than 18-30 meters in water, there was hydrogen 
sulfide. The presence of anaerobic conditions in the deep part of the sea affected all hydrochemical parameters. Some 
research results are given in the article.  

Key words: the Aral Sea, biogenic elements, oxygen.  
 
Introduction. After a fairly long break, starting from 2002, the annual complex oceanographic 

studies of the Aral Sea was resumed by the Federal state budgetary institution of science of the IO RAS 
(Russia) and Khoja Akhmet Yassawi International Kazakh-Turkish University (Kazakhstan), together 
with the Institute of Geology and Geophysics named after Kh. M. Abdullaev (Academy of Sciences of 
Uzbekistan), Nukus State Pedagogical Institute named after Azhiniyaz (Uzbekistan) of Karakalpak State 
University named after Berdakh [1-3]. 

The study of the hydrochemical conditions of the reservoirs at such a stage of degradation as now the 
Aral Seapresents a unique opportunity for studying the catastrophic consequences of both anthropogenic 
impact and climate change. In this case, the Aral Sea can be considered as a unique natural laboratory as it 
does not sound cynical. 

The correct determination of the content of biogenic elements practically excludes long-term trans-
port of samples. The sooner the tests are performed, the more reliable the results are obtained. The permis-
sible storage time for samples under different manuals is determined from 6 to 12 hours after the selection 
[3-5]. The conservation of samples naturally increases the risk of obtaining unreliable results. So, with the 
widespread procedure of sample freezing, it is possible to form a sparingly soluble precipitation or 
sorption of carbonates on the inner surface with a vial, which is especially manifested under conditions of 
increased mineralization. For this reason, analyses of the phosphate, nitrate, nitrite and ammonium 
nitrogen,  as  well  as  pH  values  are  sometimes  called "the first day analyzes". Therefore, in expeditions  
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Figure 1 – Scheme of location of stations where hydro-chemical observations were carried out in 2012 and 2013 
 

hydrochemical studies were carried out directly on the seashorein 2012 and 2013. At the meteorological 
station Aktumsuk Uzhydromet (figure 1), located 8 km from the modern coastline on the Ustyurt plateau, 
a temporary hydrochemical laboratory was deployed. 

In 2012-2013, the content of biogenic elements in the water of the Aral Sea was measured and the 
methods of hydrochemical studies were tested in conditions of extremely high salinity (mineralization) of 
water. Perhapsthe complex of hydrochemical works, including the determination of dissolved oxygen, 
hydrogen sulfide, pH values and total alkalinity, the content of dissolved inorganic phosphorus, silicon, 
nitrogen in nitrate, nitrite and ammonium forms was performed on the Aral Sea shore for the first time 
since the beginning of the 1990s.The filtration and conservation of the samples for the subsequent 
determination of metals, suspended substances and general mineralization in stationary laboratories were 
also carried out. 

Materials and methods. In 2012,selection of samples was conducted during outages at sea: 26, 27, 
28 September. In 2013, it was carried out on 30, 31 October and 2 November. The sampling was con-
ducted by a 5-liter plastic bottle of Niskinwith the help of a hand winch mounted on an inflatable boat. 
The selection was preceded by sounding with an STD probe (SBE19plus). On the board after selecting, 
the samples were fixed for oxygen, hydrogen sulfideand ammonium nitrogen. The samples were taken in 
plastic bottles. Considering the need for conducting methodological work, a significant number of parallel 
determinations were performed by the use of various methods of analysis and sample preparation. The 
determination of biogenic elements was carried out in filtered water. The filtration was conducted through 
nuclear filters with a diameter of47 mm with a pore size of 0.4 mm. The determination of hydrochemical 
parameters was carried out according to generally accepted methods [4-7]. 

With the onset of the sea level drop in the 1960s, the mineralization (the salinity) of the Aral Sea 
increased from about 10 to 100 g/kg or more in the western basin, while in the eastern basin, according to 
the data of the year 2008, the mineralization exceeded 200 g/kg [1]. Naturally, as for other hyperha-line-
reservoirs, the adaptation of existing methods to the conditions of increased salinity was a serious problem 
[2, 8]. 

As mentioned above, the question of the applicability of standard methods of hydrochemical work 
under conditions of high mineralization and the specific ionic composition of the Aral Sea waters was one 
of the basic for the hydrochemical group. The simplest reliable solution to this problem in the temporary 
laboratory was the dilution of samples. A part of the samples with colorimetric determinations was 
measured, both in natural samples and with varying degrees of dilution with distilled water. 

The samples were diluted in a proportion of 1:4 and 1:3, which approximated their mineralization to 
the ocean salinity. Each series of samples included the determination of the content of this component in 
distilled water in order to take into account the degree of its contamination by the component being tested. 
In the diluted samples, the content was calculated by the following formula: 

depth 

Vozrozndeniya 

Ustyrt 

Western Aral sea 
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C = K  ((Ds – Do) – (Ddw – Do)  (1 – St)) / St. 
 

Where C is the concentration of the determined characteristic; Ds is the optical density of the sample 
with the appropriate wavelength method; K and Doare the coefficient of recalculation and blank correction 
for reagents, which was determined in a stationary laboratory when the method was calibrated; Ddw is the 
optical density of distilled water with reagents, which is determined simultaneously with a series of 
samples; St is the proportion of the Aral water in a colorimetric sample. 

Results of methodical work. It was found that in the undiluted samples, methods for determining 
nitrite and nitrate nitrogen with a "single color reagent" and determination of phosphates by the Morphy-
Riley method are not applicable. At high concentrations of phosphates and nitrite nitrogen (more than 1.5 
and 0.1 μM, respectively) in undiluted samples, discoloration practically ceases. 

The method for the determination of the Silicon Queen in undiluted samples gave underestimated 
results, in comparison with the diluted ones, by an average of 9%, but this may be due to the fact that the 
empirical formula for the salinity correction [4] is not sufficiently correct for such a high mineralization of 
water. The determination of ammonium nitrogen by the phenol-hypochloride method is applicable only 
for dilution of samples, at least 4 times, the dilution of the sample with distilled water should be carried 
out when sampling from the bathometer before fixation. 

The method for determining dissolved hydrogen sulfide as well as the Winkler method for deter-
mining oxygen normally works in undiluted samples. To determine the total titrated alkalinity by the 
method of direct titration by Bruyevich, the dilution of the sample is not required, the procedure has no 
limitation on the value of salinity. But for the convenience of the analysis (too large was the natural value 
of total alkalinity, up to 17 mg-eq/l) and the reduction in the analysis time, we applied the dilution of 
samples 2-3 times immediately before the titration. 

The processing of the collected samples was continued in the Institute of Oceanology Russian 
Academy of Science. In the laboratory conditions, the content of total dissolved nitrogen and phosphorus 
was determined and the weight determination of salinity (mineralization) was conducted. A reliable 
determination of the mineralization value is extremely important for correcting STD sounding data. The 
latest published data on the ion-salt composition of the Aral waters refer to 2009 [1]. To obtain reliable 
results on the mineralization of water, the works were carried out to determine the so-called dry residue 
[9-11]. A separate article will be devoted to the methodological work on determining the general minera-
lization of the Aral Sea waters and discussing the results of these definitions. 

 

Results of the work 
 

In 2012 and 2013, hydrochemical work was carried out, mainly on a section passing through the 
Western basin (figure 1). A significant difference was that in 2012 observations were made in the autumn 
period, and in 2013 later, in the conditions of transition from autumn to winter. Naturally, seasonal 
changes  strongly  affected the content of biogenic elements and other hydrochemical parameters (table 1).  
 

Table 1 – Hydro-chemical characteristics of the surface water of the Aral Sea according to the results of the surveys  
in 2012 and 2013 

 

Parameter 
Average Limits Average Limits 

2012 2013 

Oxygen (ml/l) 3.28 0 - 3.38 2.22 0 - 3.51 

Oxygen (%) 111.3 0- 115.8 58.8 0 - 92.8 

pH, NBS 8.11 8.05 - 8.16 8.11 8.01 - 8.15 

Alk, mEq/L 11.260 11.109 - 11.448 11.49 11.16 - 12.78 

P-PO4µg-at/l 1.80 0.24 - 8.96 6.92 0.79 - 14.59 

Ptotalµg-at/l 3.55 1.43 - 17.1   

N-NO2µg-at/l 0.09 0 - 0.24 0.53 0.23 - 0.98 

N-NO3µg-at/l 6.35 1.27 - 11.34 1.26 0.00 - 2.70 

N-NH4µg-at/l   70.93 12.70 - 255.6 

Nобщ.,µg-at/l 276.6 209.1 - 424.0 516.1 317.1 - 651.7 

Si - SiO2µg-at/l 43.44 39.42 - 46.39 33.59 17.27 - 120.27 

H2S,    22.78 0.00 - 48.19 
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In addition to the seasonal course, a significant effect on the distribution of hydrochemical parameters was 
apparently also due to a change in the salinity profile observed in recent years. The smoothing of the verti-
cal profile of mineralization caused a weakening of the stratification of waters and an increase in vertical 
exchange. The presence of anaerobic conditions in deep waters also has a significant effect on the hydro-
chemical regime. According to the literature [1], hydrogen sulfide in the deep waters of the Aral Sea was 
discovered in 2002, but, possibly, hydrogen sulfide contamination of water was presented even earlier, 
data on water chemistry between 1991 and 2002 are absent. The evidence, relating to the begin-ning of the 
twentieth century, about the presence of a smell of hydrogen sulfide in sediments and in the bottom layer 
of waterwas mentioned in the book by L. K. Blinov [12]. In the middle of the XX century, it was believed 
that the Aral waters were well aerated, due to vertical mixing and the development of photosynthetic 
processes throughout the water column [12-15]. 

The depth of occurrence of hydrogen sulfide from 2002 to 2010 varied from 15 to 35 m. According to 
the data of work [1], the highest content of hydrogen sulfide (80 mg/l) was observed in 2003. In 2012, in 
samples with 30 m and deeper, the smell of hydrogen sulfide was distinctly felt and oxygen was comple-
tely absent. The reason for the occurrence of hydrogen sulfide contamination, firstly, is the existence of a 
stable density stratification of water, and secondly, the low oxygen contents (the solubility of oxygen 
decreases significantly with increasing salinity) with a high content of organic matter. In 2013, the upper 
limit of the detection of hydrogen sulfide rose higher, up to 18 m. 

Considering the distribution of hydrochemical parameters on the section passing through the western 
basin at about 58 ounces, it can be said that the hydrochemical composition of surface waters (up to 15-            
20 m) is fairly uniform across the vertical, but considerable variation in the composition of the waters was 
observed from the east to the west shore. In 2012, for the period of observations, the processes of pro-
duction of organic substances were actively going on, the intensity of oxidative processes, on the contrary, 
was very weak. The relative content of oxygen in surface waters was high. The degree of saturation of 
water on the surface is on average above 110%. In 2013, the work, on the contrary, was at a decline in 
biological activity; the saturation of water with oxygen on the surface did not exceed 90%, and in some 
cases decreased to 60% or less. In 2013, the content of dissolved oxygen and the degree of its saturation 
increased, from the western to the eastern shore. An increase in the absolute and relative oxygen content 
of the western shore was observed in the entire upper layer (figure 2). 

 

 
 

Figure2 – Distribution of the water saturation with dissolved oxygen (%) in the section on 58.5ос.min October 2013 
 

In both 2012 and 2013,the pH value varies not so much as dissolved oxygen, but falls from the west 
coast to the east, although the dynamics of these quantities are usually similar. In 2012, this may be due to 
an increase in the surface water temperature at the eastern shore, but the entire pH change cannot be 
explained solely by the difference in surface water temperature at the eastern and western shores. The 
range of surface water temperature changes was 1.26 °C, which is equivalent to a change in the pH value 
by 0.01-0.02 units of NBS [16, 17]. 
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In 2013, the surface water temperature was practically the same in the section; the changes were only 
0.47°C. Perhaps the pH increase in the western coast is related to the features of the functioning of aquatic 
biota, in particular, photosynthetic algae. The maximum pH value in the section in 2013 was noted in the 
15-20 m layer near the western shore (figure 3). Such a distribution of the pH value is quite unexpected, 
since in this layer the oxidative conditions change to reducing ones, which, as a rule, is accompanied by a 
decrease in this value. In 2013, the pH value at the surface was slightly higher than in 2012, which is 
associated with a seasonal decrease in water temperature. 
 

 
 

Figure 3 – Distribution of the magnitudepH(NBS) on 58.5ос.min October 2013 
 

For the total titrated alkalinity (Alk), a weak maximum in the central part of the sea was observed on 
the surface. In 2013, the value of Alk on the surface increased compared to 2012 by approximately 0.10 - 
0.15 mg-eq/l. This is due to an increase in salinity from 105 to 114 g/l (Table 1). With depth, an increase 
in Alk, especially in anaerobic waters, is observed. According to the results of both surveys, a maximum 
of Alk was observed in the bottom waters of the deepest station A2 (figure 4). 
 

 
 

Figure 4 –Distribution of the magnitudeoftotal titrated alkalinity(mg-at/l) on 58.5ос.min October 2013 
 

In 2012, the phosphate content in surface waters rarely exceeded 1 mg-at/l. A significant increase in 
surface waters once noted at station A2 in 2012 may be due to the contamination of the sample, either 
during the selection process or during the transportation of samples to the onshore laboratory. In deep 
waters, below the layer of occurrence of hydrogen sulfide, the phosphate content increased to 8.96 mg-at/l. 
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In 2013, there was an increase in the phosphate content throughout the profile. The most growth was in the 
eastern, shallow part of the section. In the bottom waters, the phosphate content in 2013 also increased to 
14.59 mg-at/l (figure 5). 
 

 
 

Figure 5 – Distribution of the dissolved inorganic phosphorus content(mg-at/l) on 58.5ос.min October 2013 
 

For dissolved silicon on the surface, a small decrease in the silicon content in coastal waters can be 
noted in 2012, especially near the western shore. This may be due to the consumption of silicon by diatom 
algae, widely distributed in the sea waters [18]. The silicon content in surface waters varies little from the 
results of both surveys, from 21 to 26 mg-at/l. With depth, the silicon content increases, especially after 
the hydrogen sulfide occurrence boundary (figure 6). The maximum content of silicon reaches in the 
bottom waters. 

 

 
 

Figure 6 – Distribution of the dissolved inorganic siliconcontent(mg-at/l) 58.5ос.min October 2013 
 

For nitrogen compounds in nitrate and nitrite forms in surface waters, a general drop in nitrate 
nitrogen to the eastern shore can be noted. The low content of nitrite nitrogen in 2012 indicates a weak 
intensity of the oxidation processes of organic substances, predominates synthesis processes that proclaim 
about the high saturation of water with oxygen. In 2013, on the contrary, the content of nitrite nitrogen on 
the surface is much higher than in 2013, and the content of nitrate nitrogen is much lower. 

Taking into account the low saturation of water with oxygen, we can say that the processes of oxi-
dation of organic substance prevailed in the upper, active layer of the water. The presence of anaerobic 
waters in the lower part of the profile led to the disappearance of oxidized forms of nitrogen. Because of 
this, a nitrate peak was formed in the 10-20 m layer, similar to what we observe in the aerobic waters of 
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the Black Sea [19]. A considerable part of the mineral dissolved nitrogen was contained in the form of an 
ammonium ion (up to 255.6 mg-at/l). The total content of dissolved nitrogen reached 434 and 652 mg-at/l 
(in 2012 and 2013, respectively). Such a large difference in the content of total dissolved nitrogen is most 
likely due to the fact that the position of the bottom bathometer was determined by the contact of the end 
load, and the depth of selection was fixed on the block of the counter. Technically, it was difficult to keep 
the boat in one place, and under these conditions, a change in the depth of selection of several meters 
could have a strong effect on the results of the analysis. 

According to the data of2013, it can be assumed that there was a "slip" of water along the western 
slope, caused by active cooling of the waters in the shallow part. This could be facilitated by the 
weakening of the stratification of waters. The descent of the waters along the slope is indicated by the 
bending of the is olines of the content of dissolved inorganic phosphorus and silicon, as well as the pH 
values (Figure. Perhaps this is due to the unusually high content of nitrate nitrogen and high pH values at 
the upper boundary of anaerobic waters. 

Conclusions. Hydrochemical regime of the Aral Sea is characterized by sila variability in time. 
Seasonal changes in the chemical composition affect the entire vertical water. This contributes to the small 
depth of the sea and, probably, the high intensity of the processes of vertical transport of substances. But 
at the same time, vertical stratification of water was sufficient to preserve hydrogen sulfide contamination 
of the water. Despite the severe degradation of the marine ecosystem of the sea, the changes associated 
with the seasonal course of activity of aquatic biota remain significant. One cannot deny the existence of 
interannual changes associated with the continuing decline in the sea level and the penetration of waters 
from the eastern basin [20]. 

The presence of anaerobic waters in the lower part of the profile affected all hydrochemical para-
meters. In 2012, a sharp increase in the content of phosphorus and silicon was observed in a layer deeper 
than 30 m. Oxidized forms of nitrogen, on the contrary, disappeared. This led to the formation of a nitrate 
peak in the layer of 10-20 m. In 2013, the appearance of hydrogen sulfide was observed in the layer 18-                  
19 m at all stations of the section. Deeper than 20 m, a significant increase in the content of dissolved 
phosphorus, silicon and ammonium nitrogen, the total alkalinity was observed. 

An interesting and yet unexplained was the existence of a second maximum of the content of nitrate 
and nitrite nitrogen directly above the layer of hydrogen sulfide appearance. An increase in pH was obser-
ved in the upper part of the anaerobic layer. Perhaps this is due to the weakening of stratification and 
seasonal cooling of waters in coastal areas. 

The smoothing of the vertical distribution profile of the mineralization of water during the transition 
from 2012 to 2013, naturally, caused a weakening of the stratification of waters and an increase in vertical 
exchange. But the hydrogen sulfide contamination of the water, in spite of this, remained, that is, even 
during the winter mixing of water, the bottom layer was not ventilated, despite a relatively small depth. 
And even a rise in the hydrogen sulfide occurrence limit was observed from 30 to 18 m. The latter, howe-
ver, may be associated with a seasonal decrease in oxygen production in water. 

Summarizing the results of the methodological work, it can be said that the determination of biogenic 
elements (phosphorus, silicon, nitrogen forms) must be preceded by filtration and dilution of samples with 
distilled water to salinity values comparable to the average oceanic (about 4 to 5 times). The method for 
determining the dissolved oxygen content (Winkler method) and the titrometric determination of hydrogen 
sulfide and total alkalinity is quite applicable for the Aral waters. Accuracy in these conditions is not 
worse than 2-3%. To clarify the magnitude of the error, additional methodological work is required. 

The work was supported by the Science Committee of the Ministry of Education and Science of the 
Republic of Kazakhstan withinthe framework of the scientific project 2439/GF4. 
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2012 ЖƏНЕ 2013 ЖЫЛДАРДАҒЫ КҮЗ МЕЗГІЛІНДЕГІ  

АРАЛ ТЕҢІЗІ СУЫНЫҢ ХИМИЯЛЫҚ ҚҰРАМЫН ЗЕРТЕУ 
 

Аннотация. 1960 жылдың басынан бастап Арал теңізінің деңгейі түсе бастады. Теңіздің көлемі мен 
ауданының қысқаруы судың гидрологиялық, химиялық жəне əлбетте, биологиялық құрлымының айқын өз-
геруіне алып келді. Арал суының химиялық құрамын тыңғылықты бақылау 90-шы жылдардың басында 
тоқтатылды. Cудың биогенді элементтері мен оттегі режимін бақылау тəжірибе жүзінде толық доғарылды 
(алғашқы күннің талдамалары). 2012 жылдың қыркүйегінде жəне 2013 жылдың қазанында халықаралық 
экспедиция аясында биогенді элементтердің, ерітілген оттегінің құрамдарын, күкіртсутегі концентрациясын 
жəне карбонаттық тепе-теңдік компоненттерін өлшейтін кешенді гидрохимиялық бақылау жүргізілді. Зерт-
теулер теңіз жағасында уақытша лабораторияда өткізілді. Жұмыстың басты мақсаты Арал теңізі суының 
биогенді элементтер құрамын анықтау жəне судың жоғары тұздылығы (минерализация) жағдайында гидро-
химиялық зерттеулер əдістерін жүргізу болып табылады. Сонымен қатар, судың жалпы минерализациясын 
жəне металдардың ерітілген жəне өлшенген құрамынанықтау үшін үлгілерді жинақтау жүргізілді. Теңіздің 
аздаған тереңдігі мен заттарды вертикалды ауыстыру процестерінің жоғары интенсивтілігі анықталды. 
Химиялық құрамының маусымдық өзгерістері судың барлық вертикалына əсер етті. 18-30 метр тереңдікте 
суда күкіртсутек анықталды. Теңіздің терең бөлігіндегі анаэробты жағдайдың болуы барлық гидрохимиялық 
параметрлерде айқындалды. Мақалада зерттеулер нəтижелері ұсынылады. 

Түйін сөздер: Арал теңізі, биогенді элементтер, оттегі. 
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ИССЛЕДОВАНИЯ ХИМИЧЕСКОГО СОСТАВА ВОД  

АРАЛЬСКОГО МОРЯ ОСЕНЬЮ 2012 И 2013 г. 
 

Аннотация. С начала 1960-х годо началось падение уровня Аральского моря. Сокращение объема и 
площади моря привело к значительным изменениям гидрологической, химической и, естественно, биоло-
гической структуры вод. Регулярные наблюдения за химическим составом вод Арала прекратились в начале 
90-х годов. Практически полностью отсутствовали наблюдения за биогенными элементами и кислородным 
режимом вод (так называемые анализы «первого дня»).В сентябре 2012-го и октябре 2013-го годов в рамках 
международных экспедициях был проведен комплекс гидрохимических наблюдений, включавший измере-
ние содержания биогенных элементов, растворенного кислорода, концентрации сероводорода и компонентов 
карбонатного равновесия. Определения проводились непосредственно на берегу моря во временной лабора-
тории. Основной целью работ было определение содержания биогенных элементов в воде Аральского моря и 
отработка методов гидрохимических исследований в условиях повышенной солености (минерализации) 
воды. Кроме того был проведен сбор проб для определения общей минерализации вод и содержания раство-
ренных и взвешенных форм металлов. Было показано, что небольшая глубина моря и высокая интенсивность 
процессов вертикального переноса вещества, делали возможным, что сезонные изменения химического со-
става сказывались по всей вертикали вод. Глубже 18–30 м в воде присутствовал сероводород. Наличие 
анаэробных условий в глубокой части моря отразилось на всех гидрохимических параметрах. В статье при-
водятся некоторые результаты исследований. 

Ключевые слова: Аральское море, биогенные элементы, кислород. 
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