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THE ROLE OF THE WELL WATERS OF THE MAUSOLEUM
OF KHOJA AHMED YASAVI IN THE FORMATION OF SALTS

Abstract. The work is devoted to the study of the chemical composition of well waters located on the territory
of the mausoleum complex of Khoja Ahmed Yasavi. On the basis of experimental studies, the salinity of well waters
increases every year. It is especially different in 2019 when, compared to the previous 10 years (2009-2018), there
was a sharp increase in the total salt content by 1,5 times in the inner well and about 2,3 times in the outer well. The
reason for this is the intense pollution of atmospheric air, soil, plants and other environmental objects due to an
increase in the volume of construction work resulting from this waste, the number of servicing vehicles and the
emergence of a number of new anthropogenic factors. The article also considers data from the Kazhydromet of the
Republic of Kazakhstan that characterize changes in natural and climatic conditions, exactly, the amount of
precipitation by month. Based on the calculated data, we have shown that water evaporation is 4-5 times higher than
the amount of precipitation in the region. As a result of evaporation, moisture rises through the capillaries and is
further saturated with salts found in building materials. Further, the formed saturated salt solution, undergoing
various transformations, such as crystallization, contributes to the formation of salt deposits on the surface of the
foundation materials and further walls. This negative phenomenon is one of the factors that lead to a decrease in the
stability and safety of the architectural monument.

Keywords: mausoleum of Khoja Ahmed Yasavi, well water, chemical composition, salt deposits, factor,
preservation of the monument.

Introduction. Turkestan region, including Turkestan city, according to the definition of the "National
Report on the Conservation and Balanced Use of Biological Diversity", is included in the second group of
regions of Kazakhstan on environmental risk [1-3].

One of the most effective modern tools in the field of preservation of cultural heritage around the
world is now recognized as environmental monitoring [4 - 6]. It consists of a system for monitoring the
state of immovable monuments under the influence of natural and man-made environmental factors.

The negative impact of environmental risk factors negatively effects to the condition of ancient
building materials. Over a long historical period, the destruction of the materials of the historical buildings
is inescapable, however, its speed can be increased many times by the effects of natural or anthropogenic
factors both individually and collectively. Due to the influence of these factors, climatic conditions,
groundwater level, soil composition change, which usually reduces the sustainable preservation of the
architectural heritage. An increase in environmental risk causes negative processes at the monument:
groundwater harms foundations, capillary moisture suction - walls, the appearance of salt deposits reduce
the safety of building structures [7-9].

In order to predict changes in the state of the objects of the Khoja Ahmed Yasawi mausoleum
complex and to develop scientifically sound measures for their conservation, it is necessary to assess the
impact on the materials of monuments of the corrosive activity of atmospheric air and groundwater.
Currently, because of the climatic changes (in particular, due to the increase in the frequency of thaws in
winter), the wide usage of solid fuels, intensive construction work in the Turkestan city, there has
intensified a car traffic and have appeared a number of new additional sources of environmental pollution
[10].
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The mausoleum of Khoja Ahmed Yasawi is a very important architectural monument of the late
XIV and early XV centuries. Since 2000, the mausoleum has been included in the UNESCO list of world-
protected monuments and is protected by international organizations. Inclusion of the property on the
World Heritage List is not just an honorary international status, but also a high responsibility to the world
community. The preservation of this unique architectural monument of the entire religious Islamic world,
which is considered the second Mecca in its importance, is one of the main tasks in the field of
preservation and protection of the world heritage [11].

This object, being in the territory where there is an active economic activity, like other objects of
historical and cultural heritage, including Kultobe, is under the negative influence of many factors. The
most common problems are non-compliance with the temperature and humidity conditions inside the
building, the presence of rodents, insects, birds, the development of fungi and mold, as well as air
pollution. In total, the studied object is influenced by various factors, both natural (climatic, biological,
physical, and other factors) and anthropogenic (pollutant emissions, vibration, new construction,
disturbances in the geological environment, salinization of groundwater, etc. )

The preservation of this unique historical monument of the entire religious Islamic world is important
task in the field of preservation and protection of the world heritage. Every year, as a result of the
intensification of production activities, the rate of negative processes associated with the influence of
natural and anthropogenic factors increases exponentially, which can lead to a destruction of the integrity
of this mausoleum. In this regard, the result of our research work on initial monitoring of underground
well water is of some relevance [12].

Every year, the evolutionary transformations of the historical territories of Turkestan contribute to the
acceleration of processes associated with the influence of anthropogenic factors. And anthropogenic
factors increase exponentially, which can lead to a destruction of the integrity of this unique architectural
ensemble.

The aim of this work is to study the chemical composition of well water in order to establish their
effect on the safety of building structures of the Khoja Ahmed Yasawi Mausoleum.

Methods and objects of the research. The object of the study is the well water of the mausoleum of
Khoja Ahmed Yasawi. The content of calcium and the total hardness, bicarbonate, magnesium, sulfate and
chloride ions were determined by the titrimetric method according to the corresponding GOSTs [13-16].
The active water reaction, characterized by the pH value, was established by the potentiometric method
[17-18]. The concentration of trace elements and fluoride ions were determined by known standard
methods [19]. Organoleptic indicators according to the method given in GOST [20-22].

The content of safety indicators (mass concentration of nitrate ions) was determined
spectrophotometrically according to the relevant GOSTs [23-25].

To account for the total microbial number, coliform bacteria, E. Coli, and other microorganisms,
accelerated methods of analysis using petrifilms [26], immunochromatographic rapid tests, and ready-
made selective and indicator nutrient media are very promising. Petrifilms are intended for quantitative
determination of sanitary-indicative microorganisms, contain special indicators and substrates that
facilitate the accounting of grown colonies of microorganisms. When the test sample is introduced to the
substrate (1-5 ml of water sample), a gel-like nutrient medium is formed, which (after incubation) takes
into account the number of microorganisms. When analyzing water by membrane filtration, the petrifilm
is first activated (1 ml of sterile water), then the membrane filter is placed on the petrifilm substrate and
the seeding is incubated according to [26].

Results and discussion. The average annual precipitation is not more than 250 mm even in suitable
years; in some years, the amount of precipitation decreases to 90-150 mm. Most rainfall occurs in the
winter and spring months. In summer, there is practically no rain and therefore high air temperature and
the absence of precipitation in the summer months cause a large moisture deficit. Figure 1 shows the
amount of precipitation for 2018.
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Figure 1 - Monthly changes in rainfall (mm)

As graph shows, the amount of precipitation in 2018 for Turkestan is 554.2 mm, the amount of ions in
the precipitation is 21.32 mg / 1: sulfate ions - 6.04, chlorides - 2.03, nitrates - 0.51, bicarbonates - 6.54,
ammonium - 0.56, sodium - 0.35, potassium - 0.38, magnesium - 0.80, calcium - 4.09 mg / I, The pH of
the precipitate is 6.92. The amount of moisture in the soil profile depends on the amount of evaporation. In
soil formation, moisture plays a huge role, since all physicochemical, mechanical, biological, and other
processes are connected with soil moisture.

The value of evaporation using the information from the weather station of the Institute "Ecology"
IKTU named after H. A. Yasawi are defined by the formula: E, — 0,15 nc D*’® (14+0,85w100),

where E, - is the monthly evaporation rate, mm; n - is the number of days in a month; C - is a
parameter depending on the average ratios between the temperature of water and air, taken equal to 1.4;
D - moisture deficiency; o - wind speed at a height of 100 cm, m / s.

According to the calculation results, the total evaporation for the year is 1413 mm, and more than
82% of the total amount falls on the growing season (April-September). In the studied region, water
evaporation is 4-5 times higher than the amount of precipitation.

Scientific research conducted in the area of the mausoleum. H.A. Yasavi, indicate the need to
combine the ecological, geochemical and biological characteristics during spatial and temporal
consideration of the elements of the ecological chain: the source of pollution - the surface atmosphere -
precipitation - soil cover - plants - water bodies for organizing and adjusting measures to reduce
environmental pressure and environmentally dependent pathologies.

As shown by the results of initial visual observation by detouring the residential areas adjacent to the
object under study and by experimental research of the territory and objects adjacent to the architectural
complex of the Yasavi Mausoleum, an ecologically crisis situation has developed in relation to this
monument. This is due to the transformation of the protected area around the mausoleum into a landfill for
solid household and various industrial wastes, not counting other pollution routes. This circumstance
indicates the need for drastic measures to improve the environmental situation.

In aggregate, various nature factors influence the studied object. The main sources of environmental
pollution are combined in two groups:

- natural processes that determine the background content of pollutants in the components of the
biosphere (in soil, water, atmospheric air, etc.);

- anthropogenic sources, including a network of intensively constructed facilities, transport
accumulations, emissions from numerous boilers of private houses that use solid fuel, parking lots and
garbage dumps of household waste stretching over large areas, imperfect sewage systems, many years of
unplanned discharge of both solid and liquid agricultural and other waste.

During expeditionary trips from 10 ™ January 2018 to 18 ™ August 2019, the collection of full-scale
material was carried out on the territory of the mausoleum and territories adjacent to it. Work was carried
out to control water bodies, that is, groundwater and groundwater (wells).
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The destruction of the materials of the monument is inevitable, but its speed can increase many times
due to the increased aggressive action of saline groundwater. With this in mind, we conducted studies to
determine the composition of the waters of wells located both inside and in the courtyard of the
mausoleum.

Sampling of water was done from drainage wells located around the mausoleum and from a well
located inside the monument in the premises of Kudukhana. In addition, another well was investigated,
located to the South-East of the mausoleum of Khoja Ahmed Yasawi in the courtyard of the mosque of the
XIX century.

The results are presented in tables 1-2 and figure 2, they are compared with the data obtained in the
analysis of these waters of the Ecology Research Institute from 2009 to 2019.

C, mg/l
4500
/ 2

4000

3500 //
3000 /
2500

2000
1500
/ 1
1000 - e
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0

2009 2010 2016 2019 years

Figure 2 - The results of the analysis of the total salt content in the waters from the internal (1)
and external wells (2) of the mausoleum

As can be seen from figure 2, the salinity of water in wells in 2019 compared with 2009-2016.
increased approximately on average by 1.5 times inside the mausoleum and more than 2.3 times in well
water located in the courtyard of the mausoleum.

The observed salinization of groundwater can have a significant negative impact on the condition of
the monument. Moisture containing salts, due to capillary uplift and evaporation, saturates the pores of
building materials.

Table 1 — Composition of well water of the architectural complex Yasavi
(inside the mausoleum, depth - 3-5m)

Ne Content of
Name of analyzes components Method sensitivity MAC in drinking water
in water

1 2 3 4 5

1 | Color, in degrees 2314 - no more 30
2 | Turbidity, NTU/dm?3 5,554 - 2,6-3,5

3 | Smell, taste, in points 0 - no more 2-3
4 | pH 8,586 0,2 6,5-9,0

5 | Dry residue, mg/dm? 1221,0 1,0 1000-1500
6 | Permanganate oxidizability, mg-:O/dm? 3,64 0,01 4,0

7 | Total hardness, mol / m? 9.4 0,05 7,0
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Continuation of the table 1

1 2 3 4 5

8 | Carbonates, mg/dm’ n/f 0,1 6,5

9 | Hydrocarbonate, mg - eq /dm? 0,56 0,1 6,5
10 | Calcium, mg/dm? 165,5 0,4 180,0
11 | Ammonium ions and ammonia, mg/dm? 0,271 0,05 2,0
12 | Nitrite, mg/dm? 0,033 0,01 3,0
13 | Nitrates, mg/dm’ 5,56 0,1 45,0
14 | Iron, mg/dm? 0,42 0,01 0,3
15 | Fluoride, mg/dm? 0,37 0,02 1,2
16 | Chlorides, mg/dm? 64,4 1,0 350,0
17 | Sulphates, mg/dm? 505,0 1,0 500,0
18 | Manganese, mg/dm’ 0,019 0,01 0,1

Table 2 - the results of the analysis of well water of the architectural complex
(in the courtyard of the mausoleum, depth — 7-10m)
Ne Name of analyzes Content of Method sensitivity MAC
components in
water

1 | Color, in degrees 3,680 - <30
2 | Turbidity, NTU/dm? 17,65 - 2,6-3,5
3 | Smell in points 1 - <2-3
4 | pH 7,724 0,2 6,5-9,0
5 | Dry residue, mg/dm? 2980,0 1,0 1000-1500
6 | Permanganate oxidizability, mg-:O/dm? 2,74 0,01 4.0

7 | Total hardness, mol / m3 26,9 0,05 7,0
8 | Carbonates, mg/dm? n/f 0,1 6,5

9 | Hydrocarbonate, mg - eq /dm? 1,35 0,1 6,5
10 | Ammonium ions and ammonia, mg/dm? 0,924 0,05 2,0
11 | Nitrite, mg/dm? 2,092 0,01 3,0
12 | Nitrates, mg/dm’ 29,3 0,1 45,0
13 | Iron, mg/dm? 1,32 0,01 0,3
14 | Fluoride, mg/dm? 0,98 0,02 1,2
15 | Sulphates, mg/dm? 1360,0 1,0 500,0

The observed salinization of groundwater can have a significant negative impact on the condition of
the monument. Moisture containing salts, due to capillary uplift and evaporation, saturates the pores of
building materials. Salts crystallize and destroy the structure, i.e. the destruction of the foundations occurs,
and this in turn will lead to a gradual shrinkage, deforming the walls. In order to avoid these processes, it
is necessary to develop ways to protect the historical masonry of foundations and walls of architectural
monuments from capillary movement of water.

Additionally, bacteriological analysis of water samples from wells on the territory of the mausoleum
of Khoja Ahmed Yasawi was performed (table 3).

Table 3 - results of bacteriological analysis of well waters

of the mausoleum of Khoja Ahmed Yasawi (2019)

Sanitary and bacteriological indicators
Total quantity bacteria in 1 cm? of water Escherichia coli
Wells 15.03 10.05 12.08 05.11
western 35 42 45 38 not detected
eastern 50 58 63 56 detected
southern 55 65 70 59 detected
Kudukhan 28 40 47 33 not detected
Juma mosque 35 43 45 38 not detected

The results of the study revealed the presence of biological contamination. Drinking water from these
wells is dangerous for the health of pilgrims without appropriate decontamination measures.
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Conclusion

1. Based on the results of chemical-analytical studies, an increase in the salt content in the waters of
wells located on the territory of the mausoleum of Khoja Ahmed Yasavi is established every year. For
2019, the normative indicators for the total salt content are 1.5-2.3 times higher than in previous years.

2. It is shown by the calculation method that the volume of evaporating moisture is 4-5 times higher
than the amount of incoming precipitation. An explanation is given of the phenomenon of the formation of
salt deposits on the surface of building materials of the foundation and walls.

3. It is concluded that salt corrosion is one of the main factors contributing to a decrease in stability
and a reduction in the duration of preservation of the unique ancient, architectural, priceless monument of
the Khoja Ahmed Yasawi Mausoleum.
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'K.A. Slcayun areiaarsl XanblKapanslk Ka3ak-Typik yHusepcuteTi, Typkicran, Kasakcran;
2 Kasak YITTBIK arpapiiblK yHUBepcuTeTi, AnMatsl, Kasakcran

KOXA AXMET ACAYU KECEHECIHJEI'T KY¥/JIbIK CYBIHBIH
TY3 LIOI'MTHAICIHIH TY3UIYIHE TUT'I3ETIH 9CEPI

Annoranusi. Makama Koxa Axwmer flcaym keceHeci KEUICHIHIH ayMaFbIHIA OpPHAJIACKAH KYIBIK CYBIHBIH
XUMHUSUIBIK KYPaMBIH 3€pTTEyre apHajraH. ToxipmOenik 3epTTeyiep HEri3iHIe KbUI CailblH KYJBIK CYBIHBIH TY3
MOJTIIEPIHIH KOFapblIaFaHbl aHBIKTAIbI. AJABIHFBL 10 sxbuiMeH (2009-2018 xok.) canbicThipranga 2019 KbuTbl iIKi
KYIBIKTa Ty3 Menepi 1,5 ece, aim ChIpTKbl YHFbIMaJa IaMaMeH 2, 3 ece jKorapbularaHbl alKbIHAAIABI. MYHBIH
cebebi petinae atMocdepalbiK aya, TOTBIPAK, 6CIMIIK JKoHE 0acka Ja KOpIIaraH OpTa HbICAHIAPBIHBIH KapKBIHIBI
JIaCTaHybl, OChl KAJIJBIKTAp HOTHIKECIH/E KYPBUIBIC JKYMBICTAPhl KOJIEMIHIH apTybl, KbI3MET KOPCETETIH KOJIKTEep
CaHbl )KoHe OlpKaTap »aHa aHTPONOTreH/IIK (haKTOpIIap/IbIH Mai1a O0ybIH aFa TapTyFa Ooaibl.

Makasajga COHbIMEH KaTap TaOMFH JKOHE KIMMATTBIK JKarJaliblH e3repyiH, aran alTKaHia, ap ail OolbIHILIA
JKaybIH-IIAIIBIH MeuIepiH cunarraiTelH Kazakcran PecryOnukaceinbiH Kasrumpomer ManimerTepi KapacTbIpbLl-
raH. EcenTenren mManiMerTepre cyieHe OTBHIPBIIN, Cy/IbIH OyJIaHybl aiiMaKTarbl XKaybIH-IIAIIBIH MeJmepineH 4-5 ece
KeIl eKeHiH KepceTTi. bynaHny HoTHKeciH/ie bUFall KalmuisipiapMeH KOTepilil, OHbl KYPBUIBIC MaTepHallIapbIHIaFbl
Ty30€H KaHBIKTHIPAIbl. Opi Kapai, MbICalibl, KPUCTAJIIaHyJaH OTiIl, dPTYPl KaHBIKKAH TY3IBI epITiHIAI iprerac
MaTepHaIapbIHBIH OeTKi KaOaThIHIA JKOHE OJaH dpi KaObIprajapaa TY3Ibl IIOTiHIUIEPiHIH Maiaa OOTybIHA BIKITAT
ereni. Byi KarpIMCBI3 KYOBUTBIC COYIIET €CKEPTKIIIIHIH TYPaKTBUIBIFEI MEH CAKTaTybIHBIH a3alOblHA OKENeTiH
(dhakroprapabig 0ipi O0JIBIT caHaIabl.

Kenreren KaiiTa KaJIblHa KENTIPy >KYMBICTaphl, IIYFbUI KOHTHHEHTAIbbl KJIMMAT, COHBIMEH Oipre yakbIT Ta
Koxa Axwmer fcaym keceHeciHe ocepiH THTI3il OThIpraHbl Oenrimi. OcblFaH OalIaHBICTBI, MOJACHU MYpPaHBIH
KBUDKBIMANTBIH HBICAHBIHA JKOJIOTHSIIBIK MOHUTOPHHI JKYPTi3y, MOCEJICHIH ayKbIMbl MEH I'€HE3UCIHIH OOBEKTHBTI
KOPIHICIH OHJICY YKOHE YCHIHY/bIH MaHBI3bI apThIIl Kelie/li. ¥ HFBIMAJIBIK CyJbIH XUMUSUIBIK KYpaMbIH TaJlay THICTI
I'OCT-ka calikec TUTPOMETPHUSUIBIK, TIOTEHIIMOMETPHSUIBIK )KOHE CTaHAAPTTHI SicTep HEeri3iHae XKypriziui.

Tyiiin ce3nep: Koxa Axmer Slcaym keceHeci, KYIbIK Cybl, XUMHSUIIBIK Kypambl, Ty3 KOpBI, (akTop, eckepr-
KIIITEP/iH CaKTatybl.

AJI. Ax6acosa!, H.IL. Ay6akupos?, I'.JI. Anap6exosa?, I'.A. Caunosa’

"MexmyHapoHbIf Ka3axcKO-Typenkui yausepcuteT mmenn X. A Scasu, Kazaxcran, TypkecTan;
?Ka3zaxcKuii HAMOHAIBHEIN arpapHbIii yauBepcuTeT, Kazaxcran, AMarsl

POJIb KOJIOAE3HBIX BOI MAB3OJIES XO1K AXMEJIA ACABU
B OBPA30BAHIU BBICOJIOB

Annotanusi. PaboTta nocasiieHa ucciaeJ0BaHnI0 XUMHUECKOTO COCTaBa KOJIOJIE3HBIX BOJI, PACIIONO-)KEHHBIX Ha
TEPPUTOPUN MaB30JieiHOro KomIuiekca Xomku Axmena SlcaBu. Ha ocHOBE SKCIEpHMEH-TaJIbHBIX HCCIIEIOBAaHUN
YCTaHOBIIEHO BO3PACTaHHE C KaKJIBIM TOJOM 3aCOJICHHOCTH KOJIOAE3HBIX BoA. OcobeHno otmmyaercs 2019 r., korna
mo cpaBHeHHUIO ¢ npensiaymmmMu 10 rogamu (2009-2018), mponzomen pe3kuii pocT OOIIEro CoAepKaHus COJeH B
1,5 pa3a Bo BHyTpEeHHEM KOJIOJIIE U MPUOIM3UTEIHHO B 2,3 pa3a Bo BHeNTHEeM Kouore. OCHOBaHHUEM STOTO SBISACTCS
WHTEHCHUBHOE 3arpsi3HeHHe aTMOC(hEepHOro BO3[yXa, MOYB, PACTEHUI M APYIUX OOBEKTOB OKPYXKAIOIIEH Cpeibl 3a
CYET yBEJIUYEHHUS 00HEMOB CTPOUTENBHBIX paboT, 00pa3yIOLINXCs IPU ATOM OTXO/I0B, KOJMYECTB 00CITYKHUBAIOIIETO
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aBTOTPAHCIIOPTA U TIOSBICHUEM psiJia HOBBIX aHTPOIOICHHBIX (AKTOpOB. B craThe Takke pacCMOTPEHBI JaHHBIC
Kasruapomera PecnyOmukn Kaszaxcran, XapakTepu3yrolne H3MEHEHHE IMPHUPOTHO-KIMMATHYSCKUX YCIOBHUH, a
HMEHHO KOJHMYECTB aTMOC(EPHBIX OCAIKOB MO MecsiaM. Ha OCHOBe pacueTHBIX MaHHBIX HAMH IOKAa3aHO, YTO
HCTIIapeHHe BOJBI B 4-5 pa3 MPeBHIIIACT KOJUIECTBO BBHIIAIAIONINX B PETHOHE aTMOC(EpHBIX 0calkoB. B pesynbrate
WCTIApEHUsT MPOUCXOJUT TMOAHITHE BJIAarM MO KalWwuUlsipaM W €€ JOMOJHUTEIbHOE HACBILIEHHE COJIMH,
HAXOJAIIMMUCS B CTPOUTEIBHBIX MaTepuanax. OOpa30BaBIIMIACS HACHIIICHHBIN COJICBOW PacTBOp, IMOABEPrasich
Pa3IMYHBIM MpeoOpa3oBaHUAM, HAPUMED, KPUCTALIU3AIUH, CIIOCOOCTBYET 00pa30BaHUIO COJICBBIX OTJIOKCHHHA Ha
MMOBEPXHOCTH MaTepUaIoB (PyHIAMEHTa W Jnanee cTeH. JlaHHOe HEeraTWBHOE SBIICHUE SBISIETCS OJHUM U3 (PaKTOPOB,
MPUBOASAIINX K CHIKCHUIO yCTOMYMBOCTH U COXPAHHOCTH apXUTEKTYpHOT'O TAMATHHKA.

M3BecTHO, YTO MHOTOYHCIICHHBIE pECTaBpalliy, PEe3KOKOHTUHEHTANBHBIH KIWMAaT W, KOHEYHO, BpeMs
0€3)KaITOCTHO OCTAaBWIIM CBOM CJie]l Ha MaB30JIeHHOM KOoMIUIeKce Xomku Axmena ScaBu. B cBs3u ¢ 3TUM Bo3pactaer
3HAYCHHE OSKOJIOTHYECKOTO MOHHUTOPUHIA HEIBIKUMOIO OOBEKTa KYyJbTYPHOTO Haciemus, oOpaboOTKH U
MPEACTAaBICHUS OOBCKTHUBHON KapTHHBI MAcimiTabOB M TIeHEe3uca MpoOJieMbl. AHAIM3bl XMMHUYECKOTO COCTaBa
KOJIOJIE3HBIX BOJ TPOBEIACH TUTPEMETPUUECKUM MeTogoM 10 coorBercTByrommM ['OCTam, a Takxke
MOTEHLIMOMETPUYECKUM METOJIOM U CTAHAAPTHBIM METOJIUKAM.

KaoueBble cioBa: MaB3ojeld Xomka Axmena flcaBu, KOJIOAE3HBIC BOJBI, XMMHYECKHI COCTaB, COJICBBIE
OTIIOXKCHHUS, (PaKTOP, COXPAHHOCTH MAMSITHHKA.
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