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Pharmaceutical ingredients in the environment: their occurrence and effect to biota

Abstract: The following paper highlights concerns about pharmaceutical pollution of the envi-
ronment. Currently, pharmaceuticals play an important role in human life. People use them in the
human and veterinary medicine. These chemicals are designed to treat illnesses of living organisms.
However, there is lack of data on the fate and effect of medicines after discharge them to the envi-
ronment. Recent studies of researchers found various concentration of drugs in sewage systems and
surface waters in Europe and United States of America (USA). However, the occurrence of drugs in
the environment is still poorly studied. Nevertheless, there is no doubt that pharmaceutical ingredi-
ents can have adverse effect to biota, and especially to marine environment. Aquatic organisms can
be vulnerable even at low concentration of medicines. Analgesics, anti-inflammatories and antibi-
otics are the most detected therapeutic class of pharmaceuticals in the world and they can have the
most inimical impact to the environment. It is significant to continue the study about contamination
of drugs on the environment and conduct ecotoxicological studies on the effect of them to biota.

Keywords: pharmaceutical pollution, pharmaceutical ingredients, wastewater treatment plant.

DOI: https://doi.org/10.32523/2616-6771-2018-124-4-28-33

Introduction.From the ancient Hindu, Chinese and Mediterranean civilizations people used pharma-
ceuticals to cure illnesses. In the past, drugs were in the form of herbs, roots, plants, vines and fungi.
The big development in medicine industry was noted in the XVI century. Nevertheless, there was
development of synthetic organic chemistry. It helped to evolve chemical pharmaceutical industry
very quickly. A novel idea that synthetic chemicals are able to kill or immobilize bacteria, microbes
and parasites had a huge contribution on research and development of chemical pharmaceutical
industry [1].

Medicines are drugs that consist of pharmacologically active substances and serve for the preven-
tion, diagnosis and treatment of diseases. Medicinal preparations with pharmacological activity have
properties for changing the functional state of the organism [2]. Every year we use several thousand
tons of drugs. Their goals are different. We use them for prevention, diagnosis, for improving the
human body and the body of animals [3].

Pharmaceuticals play a significant role in the treatment and prevention of disease in both humans
and animals. They include various categories as over-the-counter and prescribed medicines, veteri-
nary drugs, diagnostic agents and so on. Due to the chemical structure of medicines, they may have
unintended effects on animals and microorganisms in the environment. Although the side effects
on human and animal health are usually investigated in thorough safety and toxicology studies, the
potential environmental impacts of the manufacture and use of medicines are less well understood
and have only recently become a topic of research interest [4]. Therefore, the aim of the following
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paper is to revise current knowledge about pharmaceutical contamination in the environment and
define their effects on biota.

The research interest on occurrence of pharmaceuticals in the environment and their effects on
living organisms has emerged from XX century. Pharmaceuticals were put in the same position as
industrial chemicals, as they can have adverse effect even in low concentration. At the end of 20t
century there was a slow increase of published paper on medicines pollution. However, from 2003
the number of papers has increased dramatically (Figure 1) [5].

2006
2005
2004
2003
2002

2001

Publication year

2000
1999

1998

=1

20 40 60 80 100 120 140

Number of Publications

FIGURE 1 — Summary of papers about drugs in the environment that were published every year in environmental journals.
Adopted from Aga, 2008 [19]

Sources of pharmaceuticals in the environment

Development of new technologies and the increase of industrialization have become the main
sources of chemicals in the environment. In the last decade, persistent organic pollutants (e.g.,
pesticides, insecticides, fungicides, PCB) have been of a great concern. However, the twenty-first
century brought no improvement in the environment quality and revealed a new group of compounds
classified as so-called emerging contaminants, which include pharmaceutically active compounds [6].

Figure 2 demonstrates the major pathways by which human-use pharmaceuticals, veterinary drugs
and medicines from industrial production reach the environment [7].

The main source of pharmaceuticals is wastewater. At treatment facilities, drugs are removed from
10 to 100%. It depends on the processing technology [8]|. Sources of pharmaceuticals for humans
in wastewater are the use of patients in the community, hospital discharge and, in some cases,
wastewater from pharmaceutical production [9]. The use of sewage sludge, that already contains
residues of pharmaceuticals, as fertilizer in agriculture is also one of the sources drugs release to the
environment. Wastewater, which is polluted with pharmaceutical ingredients is used for irrigation
of crops and it contaminate soil. Further, due to rainfall events medicine compounds from soil can
be released to surface waters. Another source is emissions from medical units. Pharmaceuticals
from hospitals are unload to sewage systems. Furthermore, people discharge many unused drugs
in wrong way. The main reason for that, there is not so much data about rational disposal of
expired and unwanted drugs, although currently there are many approaches as incineration, return
to manufacture, waste encapsulation, inertization and so on [10].

In our planet, rural areas, areas, resort areas all depend on septic tanks and systems for cleaning
local waters [11].

Depending on their treatment efficiency and the capacity of the local soils, these systems are
a potential source of pharmaceuticals in coastal waters via leakage to ground and surface waters
[12,13].

Pharmaceutical preparations can undergo biotic and abiotic transformation (degradation) and
accumulate in tissues of aquatic organisms [14].

Sources of pharmaceuticals unlike other pollutants, it is much more difficult to control and because
of their importance to human health and economy. From 30 to 90% of the administered dose is
excreted in urine as an active substance. [15].
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FIGURE 2 — Sources of pharmaceutical ingredients in the environment. Adopted from Quadra et al., 2017 [14]

Factors like market demand, frequency of administration, self-medication and use of illegal drugs.
In addition, the entry of degradates could contribute to nonspecific disorder in an aquatic organism,
due to greater absorption and distribution of some molecule [16].

Occurrence of pharmaceuticals in the environment

Typically, prescription drugs square measure found in stream waters at low concentrations usually
in ng/L, whereas in WWTP effluents they are, generally, one order of magnitude higher, at levels
from ng/L to pg/L. Recently many studies unit of measurement discovered, highlight the prevalence
of pharmaceuticals in rivers, the contribution of WW'TPs to their input and a few doable effects due
to the exposure of aquatic organisms, specifically the bioaccumulation of pharmaceuticals in their
tissues [17].

Foreign studies have shown that medicinal wastes were found in wastewater intended for process-
ing, as well as in water treated with powerful purification systems. In addition, they were found in
solid substances of biological origin, intended for reuse for land reclamation. Typically, prescription
drugs square measure found in stream waters at low concentrations usually in ng/L, whereas in
WWTP effluents they are one order of magnitude higher, at levels between some many ng/L to
many pg/L. Recently many studies unit of measurement discovered, highlight the prevalence of
pharmaceuticals in rivers, the contribution of WWTPs to their input and a few doable effects due
to the exposure of aquatic organisms, specifically the bioaccumulation of pharmaceuticals in their
tissues [17].

In the recent ten years, there was recorded the occurrence of more than 100 pharmaceutical in-
gredients in WWTPs, surface waters, soils, groundwater and even in drinking water. The majority
founded drugs belongs to analgesics and anti-inflammatories therapeutic class, the various concen-
tration of them were recorded in European countries, USA and Canada. Also, high concentrations
of antibiotics were detected also in Europe and US. Despite the fact, penicillin is worldwide well
spread antibiotic, any concentration of this medicine was not founded in sewage effluents or surface
waters. This can be explained as penicillin can hydrolyze and degrade very quickly in comparison
with other antibiotics. Erythrimycin had the highest occurrence in the biota, the concentration of
this drug was 2,5 pg/L. The various concentration of sulfamethoxazole was recorded in European
countries, Canada and USA [10].

The effect of pharmaceuticals in the environment

The occurrence of pharmaceuticals in the environment can have different adverse effect. One of
them is resistance. The development of antibiotic resistance has led to a reduction in the number of
effective antibiotics available for the treatment of infectious diseases in humans. In this connection,
the World Health Organization has defined antibiotic resistance as a global threat to humanity and
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calls on all countries to take consolidated actions to combat antibiotic resistance. Therefore, it is
important to consider the complex context of the environmental impact of medicinal products on
the environment and introduce mechanisms to reduce pollution.

Currently, in the UK there are about 3000 pharmaceuticals. This is important for assessing the
possible consequences of the unintended impact of non-target organisms. For example, it was found
that ethinyl estradiol (EE2) leads to the feminization of male fish. The first data on male fish were
found in the British settlement lagoons in 1976. Then many researchers found that feminized fish
became very common in British rivers and around the world. It is believed that the exposure of
estrogenic chemicals to wastewater was the main source of presence in rivers around the world in
intermittent zones. Toxicity studies have shown that steroid estrogens were the main chemical in
the effluent. In addition, it was found that a mixture of these chemicals with EE2 also played a
role in the feminization of male fish. It was found that EE2 had a powerful effect on fish. Even a
low concentration of EE2 can lead to intersexual fishes and propagation. As a result, this led to a
sharp reduction in the fish population [18]. Recent study of Cortez et al. showed that losartan has
adverse ecotoxicological effect on reproduction of mussels even up to 75 mg/L. Furthermore, it led
to vulnerability of hemocytes and had cyto-genotoxic impact on these species even in concentration
300 ng/L [19].

The pharmaceutical contamination of environment has not been highly considered in Kazakhstan.
There is still deficit data on ecotoxicological exposure drugs on marine biota. Their effect on soil
and living organisms is also still poorly understood. Nowadays, we have priority pharmaceutical
ingredients that can have risk on aquatic environment of the country [20]. Therefore, it is important
to highlight the concern about pharmaceutical contamination in our country.
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PapmaneBTUYECKNE NHIPEAVEHTHI B OKPY>KaIOIIell cpelie: MX paclpoCTpPaHeHue U Bo3aelicTBue Ha Ouory

Amnnoranus: JlanHas craTbs paccMaTpuBaeT HpobsieMy (apMaleBTUYECKOrO 3arpsi3HEHHsI OKpy»Kalolnei cpeisl. B
HaCTOsAIee BpeMs (apMaleBTUIeCKUEe IIperaparsbl HUIPAlOT BaKHYIO POJIb B 2KH3HM <e€IOBeKa. JIioom MCmosab3yor ux B
YEeJIOBEYECKON M BETEPUHAPHON MeIUIMHE. ODTU XUMUYECKHE BELIECTBA IIPEIHA3HAYEHbI JJIsi JIeYeHUs OOJIe3HeH IKUBBIX
opranm3moB. Tem He MeHee, HET HaHHBIX O MX IIOBEACHUE W BJIMSHAN HA XKUBBIE OPraHU3MBI IIOCJE BBIOPOCA B OKPY?KAIOILyIO
cpeny. B HemaBHuMX wncciieoBaHuHsIX ObLIM OOHAPY?KEHBI pa3/IMYHblE KOHIEHTpaIuii (papMaleBTU4YeCKUX HHIPEJIUEHTOB B
CTOYHBIX U MOBEPXHOCTHBIX Bojax B EBpomne n Coemuuennbix [Itarax Amepuxu (CIIIA). Ogaako, pacnpocTpaHeHHE JIEKAPCTB
B OKPY’KalOIllell CpeJie IO-IIPEXKHEMY IIJIOXO M3ydaeTcs. TeM He MeHee, HET HUKAKMX COMHEHMH B TOM, 4TO (papMaleBTHYECKUe
MHIDEINEHTHl OKAa3bIBAIOT HEO/IArONpUSTHOE BO3AEHCTBHE Ha OMOTYy M OCOOGEHHO Ha BOAHYIO cpeny. Boxmble opraHm3mbl
MOI'YyT OBITH ysI3BUMBI JayKe IIPU HU3KON KOHIEHTDPAIMH MEJIUKAMEHTOB. AHaJIbIeTHKHU, IIPOTUBOBOCIAJIUTEILHBIE CPEICTBA
¥ aHTHOMOTHKH SIBJISAIOTCS HambOOJiee PaCIPOCTPAHEHHBIMHU TEPAIEBTUYECKHM KJIACCOM (HapMalleBTHYECKUX IIPelaparoB B
OKPY?Kalollleil Cpejie, 1 OHU MOT'YT OKa3bIBaThb CaMoe HeOJIaronpHsTHOE BO3JEHCTBHE Ha YKHUBYIO IIPUPOAY. BaxKHO mpo/oikarb
U3yUeHHEe O 3arpsi3HEHHE JIEKAPCTBEHHBIX IIPEIapaToB B OKPYXKAlOINell cpefe M IPOBOAUTH OOJIbIIE IKOTOKCHKOJIOTHIECKUE
HCCIIeIOBaHuUsI O UX BO3JeiicTBUE Ha 6UOTY.

KiroueBble cioBa: ¢dapMaleBTHUIECKOe 3arpsi3HeHne, (papMalleBTUIeCKIEe HHIPEJUEHTHI, OUUCTHBIE COOPYYKEHUSI.
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Kopuiaran opragarsl papMaleBTUKAJIbIK HHIPDEANEHTTED: OJIAPpABIH Tapajybl MeH OuoTrara oscepi

AnHOTanms: Byn wmakamama dapManeBTHKAIBIK JACTaHy IpobIeMachl KapaCTbIPLLIAIbL. Kagipri yakpiTTa
dapMalleBTUKAJBIK, IIpernaparrap ajaM eMipiHJe MaHBI3[Ibl peJl aTKapaabl. AjamsaT ojiapabl ajaM MeH BeTePUHAPJIBIK,
MeOuIUHAIa DaiifagaHagbl. Dyl XuMuUaabIK 3aTTap Tipl opraHu3MIepAiH aypyJIapblH eMAeyre apHajraH. Ajaiifa, oIapibly
KOPIIaFraH opTara IIbIFapblIFAHHAH KeiH Tipi opraHu3Mjepre ojapiblH KbUIBIFBI MEH 9Cepi TypaJibl MosiMerTep »KOK. COHFBI
seprreynepae Eyponama xene Amepuka Kypama IItarrapembm (AKII) arbim »koHe GeTkeil cysapbiaga hapMaleBTUKAJIBIK,
MHI'DEIUEHTTEPIIH 9P TYPJIi KOHIIEHTPALUACHIH aHbIKTAIAbl. JlerenMeH, KopIlaral opTaJarbl J9PijliK IpenapaTTapablH TapaJlybl
osii me TosbIK 3eprrenMereH. PapMmaneBTHKaJIBIK HHIPEIUEHTTEPAIH OnoTara, ocipece cy opTachIHIa Tepic ocepin Turizerimime
KYMOH >KOK. Jlopinik 3aTTapiblH TiNTI TOMEH KOHIIEHTDAIUSChI Cy af3ajapblHa Tepic acep TUTi3yi MyMKiH. AHaJIBLreTUKTED,
KabblHyFa Kapchl Jopisep »KoHe aHTHOMOTHKTED KOPIIaraH OpTaJarbl (bapMaleBTUKAJIBIK IIPEIapaTTapAbIH KEH TapaJraH
Typi GOJBIII TaOBbLIAABI KOHE OJIap KOPIIAFaH OpTaJjarbl Tipi ar3ajapra eTe KarbIMCbhI3 ocep eryi MyMmkin. CoHIbIKTaH,
Iopi-TopMeKTepAiH, KopIIaraH OPTaHbI JIACTAHYbI TypaJjbl 3€pPTTEYIepAl »KaJracTBIPBIN, OJIapAblH Omorara ocepi OOMBIHIIA
SKOTOKCHUKOJIOTUSJIBIK 3€PTTEYJIED 2KYPri3y MaHBI3IbI OOJIBII TAOBLIAIbI.

Tyiin cesgep: dapManeBTUKAIBIK, JacTaHy, (apMaleBTUKAJIBIK HHIPEAUEHTTED, AaFbIHABI CyJapAbl TasapTy
KOHIBIPFBLIAPHI.
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«JI.H. I'ymuineB arbingarsl Eypasust yaTTeiK, yHuBepcureriniy Xabapuibicbl. Xumus. 'eorpadmusi.
DKOoJIOTUsl CEePUsACHI» >KYPHAJBbIHA MaKaJja >Kapusijay epekeci

1. 2Kypnasn makcarbl. Xumus, reorpadus, SKOJIOIUs Cajaagapbl OOMBIHINA MYKUAT TEKCEPYIEH OTKEH FBLIBIMHI
KYHJIBLIBIFBI 6ap MakaJjajiap Kapusiiay.

2. ZKypuamaga makasia KapuUsIayIIbl aBTOD MAaKAaJaHBIH KOJ KOWBLIFAaH 1 JaHa Kara3 HYCKACHIH I 'bLIBIME
GacpuibIMIap GestiMiHe (penaknusra, Mekemxkaiibl: 010008, Kasakcran pecryGsnkacel, Acrana kanacol, K. Cormnaes
kemeci, 2, JLH. I'ymuses arbijgarsl Eypasus yiarrblk yHusepcureri, Bac rumapar, 408 kabuxer) »koHe e-mail
vest chem@enu.kz smexkTponnbik mnomrracsina Word, Tex, PDF dopmarrapsingarsl HycKaJapbiH Kibepy KarKer.
Maxkasia MoTiHiHIH Kara3 HYCKAChl MEH 3JIEKTPOHIBI HYCKaJapbl 0ipzeit 6osrymapsr KaxkeT. Makasmamap Ka3ak, OpbIC,
aFBUIIIBIH TliAepinge kabblnnanansl. CoHBIMEH KaTap, aBTop(Jap) lecie XaT yCbIHYBI KEPEK.

3. ABTOpabIH KoJ>ka30aHbl penaknusira >kidbepyi makasmanbiy, JI.H. 'ymuaes arbinmarsl Eypasus
VIATTHIK, YHUBEPCUTETIHIH xabapiubiChbIHJa 0acyra KeJriciMin, mIeres TijliHe ayJapblLiblll KalTa
OacburybIHa Kedicimin Oinaipeni. ABTop MakaJsiaHbI pefakIUsiFa >kibepy apKbLIbl aBTOP TYPaJbl
MOJIiIMeTTiH, AYypBICTHIFBIHA, Makajia KeulipisMereHziride (maruaTTbiH >KOKTBIFbIHA) >KoHe Oacka Ja
3aHCHI3 KeIIipMeJiep/iH >KOKThIFbIHA Kemijigeme oepesi.

4. Maxasuasabis kesteMi 18 Gerren acnayra tuic (6 6erren Gacrarn).

5. MaxkajiaHbIH, KYPbLJIBIMBI

FTAMPK http://grnti.ru/

Aemop(aap)doiy amuoi-otconi

Mexemenir, moasl, amayst, KaAACH, Memaeremi (erep aBTOPJAD OPTYPJi MEKEMeIEe YKYMBIC *KaCaWThIH
6oJica, OH/Ia Op aBTODP MEH OHBIH YKYMBIC MeKeMecl KachlHa Oipzeil 6esri KONbIILy Kepek)

Aemop(aap)dvr, E-mail-vi

Maxanaa amayst

Annomayus (100-200 ces; dopmyrachi3, MaKaJaHbIH arayblH MeijiHIle KafTasaMmaybl KaxkeT; oaebuerrepre
cinremesiep 60Maybl Ka2KeT; MaKAJIAHBIH KYPBLUIBICHIH (Kipiche /MaKaJaHbIH MaKCAThl,/ MIHAETTEPl /KapaCThIPLLILIIT
OTBIPFAH CYPAKTBLIH TAPUXbI, 3€PTTEY SICTEPl, HOTHUZKEJED,/TaJKbLIAY, KOPBITHIHIbI) CAKTAH OTBHIPBIN, MAKAJAHBIH
KBICKAIIA Ma3MYHBI 6epinyl Kaxer).

Tyiin ceadep (6-8 ce3 me cos ripkeci. Tyilin ce3mep Makaga Ma3MYHBIH KOPCETIN, MEHJIHIIE MaKaJIa ATaybl
MEeH aHHOTAIMJIAFBI CO3JEPAl KaiTasiaMmail, Makajia Ma3MYHBIHIAFBI CO37epii KosaHy Kaxker. COHBIMEH Karap,
aKIapaTThIK-13/IeCTipy Kyiiesiepinie MaKaJIaHbl YKeHiJT TadyFa MyMKIH/IIK OepeTiH FBIIBIM CaJIaJIapbIHBIH TEPMUHIEPIH
KOJJIAHY KAXKET).

Hezizei momin MakaJaHblH MAKCATbI/ MIiHZETTEPI/ KAPACTHIPBUILII OTBIPFAH CYPAKTBIH TAPUXbI, 3ePTTEY
9JIicTepl, HOTHXKEIEP / TAJIKBLIAY, KOPBITBIHIbI OOTIMIEPIH KAMTYBI KArXKeT.

Tabauua, cypemmep — aTaJFaHHAH KeiH OPHAIACTBIPBLIAIbBI. Op Tab/INIa, CyPeT KACBIHIA OHBIH, ATAJIYbI OOJTY b
kaxker. Cyper aliKblH, CKAHEDJEH OTIereH OoJIybl Kepek.

Maxkasiagarsl gopmyaaaap TEK MOTIHIE ojapra ciireme Gepijice FaHAa HOMEDJIEHET].

Kanner kosnmanbicra 6ap abbpesuamypaaap MeH KbicKapmyaapdar OacKajgapbl MIHIETTI Typ/e aJjFarl
KOJIJIAHFaH 18 TYCIHIAIpityl Gepinyi Kaxer. Kapotcviaal kemex mypaasve aknapar OipiHiii 6erre Kepcerise/i.

Odebuemmep mizimi

Mboringe omibumerTepre ciaremesep TIKXKAKIIAFa aJIbIHAIHI. Mboringeri omebuerTep TisiMiHe CclaTemMesepIiH,
HOMepJIeHyl MOTIHAE KOJJIAHBULYBbIHA KATBICTHI KYpPrisluife: MoTiHze Ke3zeckeH oaebuerke asraimksl cinreme [1]
apKbLIBL, eKiHml cinreme [2] apkpuibl T.c.c. xyprisineni. Kiranka »KacajaTblH cliremenep/ie KOJJAaHbLIFAH GeTTrepl
e kepcerimyl kepek (mbicambr, [1, 45 Ger]). 2Kapusnambaram enbekrepre cirremenep kacammaiiapl. CoHbIMEH
KaTap, PEIEeH3UsAIaH OTIHeNTIH 6achlIbIMIApFa 1a cliremesiep KacaaMmaiiael (agebuerrep Tizimin, oxebuerTep TiziMiHig
arpIIIIBIHIIA 93IpJiey YJIrijIepiH ToMeH 1eri MakaJaHbl POCciMey YIIriCIHEH KapaHbI3).

Maxkasia COHBIHIAFBI 9/1€0MeTTEp Ti3iMiHEH KeiiH O6UbAU02PAPUAABIK, MIATMEMMED OPBIC XKOHE AFBLIIIBIH
Timinage (erep Makasa Kasak TLIIHZIE YKa3bLICA), KA3aK, 2KOHE aFbUIIIBIH TiMiHe (erep MakaJa OpbIC TIMH/E Ka3blIca),
OpBIC KOHE Ka3ak, TiliHje (erep MakaJa aFbUIIIBIH TUIiHIe XKa3bulFaH 6osica) Gepiresi.

Asmopaap mypaavl MaatMeM: aABTOPILIH aThI-?KOHI, FHIJIBIMUA ATAFbI, KBI3METI, 2KYMBIC OPHbBI, 2KYMBIC OPHBIHBIH,
MeKeH-Kalbl, TeesidoH, e-mail — Ka3ak, OpbIC YKOHE AFbLIIIBIH TiIEPiH/IE TOITHIPHLIA b

6. Koimkaszba MYKUAT TeKceplireH 0OJybl KaykeT. TeXHHKAJIBIK TajlallTapra cail KeJIMereH Kospkasbasap Kaira
eHJIeyTe KaliTapbutaabl. KomkaszbaHblH KaiTapbLIYybl OHBIH YKypHAJIAA 6aChUTYbIHA XKibepiiryin 6Limipmeiti.

7. Penakuumsara TyckeH MakaJsa »KaOblK (aHOHHMII) Tekcepyre »kibepimezi. Bapiblk penensusiap aBTOpJIapra
kibepineni. ABTOp (peleH3eHT MaKaJIaHbI Ty3eTyre YCHIHBIC OepreH Karjaiifa) yII KYH apaJbIFbIHIa KafiTa Kapail,
KOJ2Ka30aHbIH TY3€TiJITeH HYCKACHIH PeJaKInsara KaiTa xkibepyl kepek. PereHseHT KapaMChI3 /el TAHBIFAH MaKaja
KafiTapa KapacThIpbLIMaipl. MakKajaHbIH TYy3€TiINeH HYCKAChl MEH aBTODABIH DPeIeH3eHTKe Kayabbl PeIaKIUsIFa
Kibepisrei.
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8. Tesnemaxkpl. BacbiabiMra pyKcaT eTireH Makajaa aBTOPJAPBIHA TOJIEM JKacay TypaJbl eckepTimemni. Temem
koseMmi 2018 xkbuibr 4500 Tenre — EYY kpi3merkepJiepi yiria xkone 5500 TeHre 6acka yiAbIM KbI3METKEPJIEPIHE.

1) PT'II ITXB "Espasuiickuii HarroHanbHbiil yausepcurer uMenn JI.H. I'ymunesa MOH PK
AO "Bank lenrpKpemur"

BUK Banka: KCJBKZKX

NNK: KZ978562203105747338 (KZT)

Kum 861

Koe 16

"Maxkasia yurH (aBTOPABbIH aThl-KeHi)"

2) PT'II 1IXB "Espasuiickuii Hanmonanbabiii yausepcurer umenn JI.H. T'ymmresa MOH PK
AO "Bank RBK"

BUK Banka: KINCKZKA

NUK: K7498210439858161073 (KZT)

"Maxkasa yiis (aBTOPABIH aTbl-2KoH])"

3) PI'II IIXB "Espasuiickuii Harmonanbuelii yausepcurer umenu JIL.H. I'ymuesa MOH PK
AO "Forte"

BUK Banka: IRTYKZKA

NNK: KZ599650000040502847 (KZT)

"Makasa yiiH (aBTOpJBIH aTh->KeHi)"
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Provision on articles submitted to the journal "Bulletin of L.N. Gumilyov Eurasian National
University. Chemistry. Geography. Ecology Series"

1. Purpose of the journal. Publication of carefully selected original scientific works in the fields of chemistry,
geography, ecology.

2. An author who wishes to publish an article in a journal must submit the article in hard copy (printed version)
in one copy, signed by the author to the scientific publication office (at the address: 010008, Republic of Kazakhstan,
Astana, Satpayev St., 2. L.N. Gumilyov Eurasian National University, Main Building, room 408) and by e-mail
vest chem@enu.kz in Word, PDF and Tex format. At the same time, the correspondence between Tex-version,
Word-version, PDF-version and the hard copy must be strictly maintained. And you also need to provide the cover
letter of the author(s).

Language of publications: Kazakh, Russian, English.

3. Submission of articles to the scientific publication office means the authors’ consent to the right
of the Publisher, L.N. Gumilyov Eurasian National University, to publish articles in the journal and
the re-publication of it in any foreign language. Submitting the text of the work for publication in the
journal, the author guarantees the correctness of all information about himself, the lack of plagiarism
and other forms of improper borrowing in the article, the proper formulation of all borrowings of text,
tables, diagrams, illustrations.

4. The volume of the article should not exceed 18 pages (from 6 pages).

5. Structure of the article

GRNTI http://grnti.ru/

Initials and Surname of the author (s)

Full name of the organization, city, country (if the authors work in different organizations, you need to put
the same icon next to the name of the author and the corresponding organization)

Author’s e-mail (s)

Article title

Abstract (100-200 words, it should not contain a formula, the article title should not repeat in the content, it
should not contain bibliographic references, it should reflect the summary of the article, preserving the structure of
the article - introduction/ problem statement /goals/ history, research methods, results /discussion, conclusion).

Keywords (6-8 words/word combination. Keywords should reflect the main content of the article, use terms from
the article, as well as terms that define the subject area and include other important concepts that make it easier and
more convenient to find the article using the information retrieval system).

The main text of the article should contain an introduction/ problem statement/ goals/ history, research
methods, results / discussion, conclusion. Tables, figures should be placed after the mention. Each illustration should
be followed by an inscription. Figures should be clear, clean, not scanned.

In the article, only those formulas are numbered, to which the text has references.

All abbreviations, with the exception of those known to be generally known, must be deciphered when first used
in the text.

Information on the financial support of the article is indicated on the first page in the form of a footnote.

References

In the text references are indicated in square brackets. References should be numbered strictly in the order of the
mention in the text. The first reference in the text to the literature should have the number [1], the second - [2], etc.
The reference to the book in the main text of the article should be accompanied by an indication of the pages used
(for example, [1, 45 p.]). References to unpublished works are not allowed. Unreasonable references to unreviewed
publications (examples of the description of the list of literature, descriptions of the list of literature in English, see
below in the sample of article design).

At the end of the article, after the list of references, it is necessary to indicate bibliographic data in Russian and
English (if the article is in Kazakh), in Kazakh and English (if the article is in Russian) and in Russian and Kazakh
languages (if the article is English language).

Information about authors: surname, name, patronymic, scientific degree, position, place of work, full work
address, telephone, e-mail - in Kazakh, Russian and English.

6. The article must be carefully verified. Articles that do not meet technical requirements will be returned for
revision. Returning for revision does not mean that the article has been accepted for publication.

7. Work with electronic proofreading. Articles received by the Department of Scientific Publications (editorial
office) are sent to anonymous review. All reviews of the article are sent to the author. The authors must send the
proof of the article within three days. Articles that receive a negative review for a second review are not accepted.
Corrected versions of articles and the author’s response to the reviewer are sent to the editorial office. Articles that
have positive reviews are submitted to the editorial boards of the journal for discussion and approval for publication.

Periodicity of the journal: 4 times a year.

8. Payment. Authors who have received a positive conclusion for publication should make payment on the
following requisites (for ENU employees - 4,500 tenge, for outside organizations - 5,500 tenge):

PexBusursr:
1) PI'II IIXB "Espasuiickuit HanpoHanbHbiil yauBepcurer umern JI.H. I'ymuresa MOH PK
AO "Bank IlearpKpemur"
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BUK Banka: KCIBKZKX

NNK: KZ978562203105747338 (KZT)

Kum 861

Ko6e 16

"3a mybaukanuio B Becrauk EHY ®LO asTopa

2) PT'II 1IXB "Espasuiickuii nHammonanbabiii yausepcurer umenu JI.H. T'ymmiesa MOH PK
AO "Bank RBK"

BUK Banka: KINCKZKA

NNK: KZ498210439858161073 (KZT)

"3a nybsukanuio B Becruuk EHY @O asropa"

3) PI'II IIXB "Espasuiickuii Hanmonanbublii yausepcurer umenu JIL.H. T'ymuiesa MOH PK
AO "Forte"

BUK Banka: IRTYKZKA

NUK: KZ599650000040502847 (KZT)

"3a mybaukaruio B Bectuuk EHY @O asropa"
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IlonokeHne 0 pykomucsix, IpeJCcTaBiisieMbIX B »KypHasl «BecrHuk EBpasuiickoro HanmoHaJIbHOro
yauBepcurtera umenu JI.H.'ymuneBa. Cepusi: Xumusi. I'eorpadusi. Dkosorusi»

1. IHeas xxypuasa. [lybaukanust TmaTeJ bHO 0TOOpAHHBIX OPUTHHAJIBHBIX HAYYHBIX PAbOT I B 0OJIACTH XUMUH,
reorpadun, SKOJIOTUH.

2. Asropy, )KeJamolieMy OnyOIMKOBATh CTATHIO B XKypHaJIe HEOOXOIMMO MPEJICTABUTH PYKOIUCh B TBEPJIOH KOIUU
(paceuaraHHOM BapuaHTe) B OJHOM 3K3€MIUIspe, NOIMCaHHOM aropoM B Otmesr HaydHbIX n3jganuit (1o aapecy:
010008, Kaszaxcrau, r.Acrana, ya. Carnaesa, 2, Espasuiickuii nanuonayibhbiii yausepcurer um. JI.H.I'ymunesna,
VuebHo-aMUHICTPATUBHBL Kopiyc, kab. 408) u mo e-mail wvest chem@enu.kz B dopmare Tex, PDF u Word. Ilpu
9TOM JIOJI?KHO OBITH CTPOrO BBIIEPXKAHO cooTBeTCTBHE Mexk iy Tex-daitiom, Word-daittom, PDF-daitiom u Teepmoit
kommeit. ABTop A Takrke aBTOpPY(am) HEOOXOIUMO NPEIOCTABATH COMPOBOAUTEIBHOE MUCHMO.

As3pik nyoaukammii: Kazaxckuit, pycckuii, aHTJIMACKAA.

3. OrnpasJjieHue cTareii B peJaKI[UIO O3HAYAET corjlacue aBTOPOB Ha npasBo M3narens, EBpa3uiickoro
HanuoHaJibHOro yHuBepcurera umenu JI.H. I'ymuneBa, m3apganusi crareii B >KypHajie U Nepen3JaHUsI
ux Ha JboM wnHOcTpaHHOM s3bike. IIpencraBisisi TekcT paborbl MJisi MyGauKanuu B 2KypHAaJe,
aBTOp rapaHTHUPyeT NPaBUJIILHOCTh BCEX CBeleHUuili o cebe, OTCYyTCTBHE ILJIarMata um Apyrux ¢opm
HEIIPaBOMEPHOr'0o 3aMMCTBOBAHUs B PYKOIIUCH, Ha jiexkailee opopMJIeHIE BCEX 3aNMCTBOBAHUI TEKCTA,
TabJiuig, cxeM, UJLIIOCTPALMIL.

4. O6beM CTaThbU HE JOJKEH TPEeBbImaTh 18 crpanur, (or 6 cTpanun).

5. CxeMa MOCTPOEHUsI CTaTbU

I'PHTM http://grnti.ru/

Mruyuaave v Pamuauro asmopa(os)

IToaroe naumernosanue opzanusayuu, 20pod, cmpara (ecam aBTOPBl PAGOTAIOT B PA3HBIX OPraHU3AIMAX,
HEOOXOIMMO IOCTABUTDL OJMHAKOBBII 3HAYOK OKOJIO (DAMHUJINK aBTOPA M COOTBETCTBYIONIEH OPraHM3aIiy)

E-mail asropa(os)

Hassanue cmamvu

Annomayus (100-200 csioB; He [OJIKHA COJEpKATb (DOPMYJBI, IO COAEPXKAHHUIO IIOBTODSATH HA3BAHUE
CTATbU; HE JOJ/KHA COAEPXKaTh OMOIHOrpadudecKue CCLUIKH; [OJDKHA OTpakaTb KPATKOE COIEpXKAaHHUe CTATbhU,
COXpaHsisl CTPYKTypy CTaTbu — BBeJeHHe,/ TOCTAHOBKA 3ajadu,/ 1eau,/ WUCTOPUsl, METOAbl HUCCJIEOBAHUS,
Pe3ysbTaThl/06CY 2K I€HHs], 3aKJII0YEHIE / BLIBOIDI).

Kaoueswvie caosa (6-8 cios/crnoBocouerannii.  Kimouesble cj10Ba JOKHBI OTParzkaTh OCHOBHOE COJEPIKAHUE
CTaTbU, WCIOJIL30BAaTh TEPMHUHBI U3 TEKCTA CTATbU, & TAKXKE TEPMUHbBI, OINPEIE/IAONUe IIPEJIMETHYI0 00JIacTh U
BKJIIOYAIOIIME JIDYyTHe BaKHbIE [TOHSTHS, I03BOJIAIONE OOJIErYUTh U PACIIUPUTH BO3MOXKHOCTH HAXOXK/IEHUSI CTaTbU
cpescTBaMu HHMOPMAIIMOHHO-TIONCKOBOH CHCTEMBI ).

OcHosHoli mekcm cmambu JO/KEH COAEpXKaThb BBEJEHHE, TOCTAHOBKY 3aJa4u,/ 1ear, UCTOPUIO, METOIbI
HCCJIEIOBAHYS, PE3yJIbTaThl/00Cy K IeHNe, 3aKIIIOYeHIe /BHIBOIbL.

Tabauupt, pucyrKru HEOOXOIUMO PACIIOIATaTh Mocye yrnoMuHaHus. C KaxKI0# UTICTpanueil JOIKHA CJIeI0BATh
HAJIKUCh. PUCYHKU JIO/2KHBI OBITH Y€TKUMU, YUCTHIMU, HECKAHUPOBAHHBIMU.

B craThe HyMepyroTcs UL T€ POPMYABL, HA KOTOPBIE TI0 TEKCTY €CTh CCHLIKI.

Bce abbpesuamyps. u cokpaweHus, 3a WCKIIOYEHWEM 3aBEJIOMO ODOIIEM3BECTHBIX, JIOJIKHBI OBIThH
paciudpoBaHbl IPU IIEPBOM YIOTPEOJIEHUU B TEKCTE.

Caezennst o purarcosoti noddepatcke pabOThl yKA3BIBAIOTCS HA [IEPBOI CTPAHUIIE B BUJE CHOCKHU.

Cnucox aumepamypue

B rekcre ccbuiku 0603HAYAIOTCS B KBaJIPATHBIX CKOOKax. CChUIKM JIO/KHBI OBITH IIPOHYMEPOBAHBI CTPOTO IO
HODSIIKY YIOMUHAHUsS B TeKcTe. llepBasi CChUIKA B TeKCTe Ha JIMTepaTypy AOJIKHA MMeTb Homep (1], Bropas - [2] n
1.71. CcbLTKa HAa KHUTY B OCHOBHOM TEKCTE CTATBU JOJI2KHA COMMPOBOXKIATHCS yKA3AHWEM WCIOJb30BAHHBIX CTPAHUIL
(manpumep, [1, 45 crp.]). Ccbuikn Ha HeoyGJUKOBAHHBIE PAGOTHI HE JIOMYCKAIOTCs. HeKeaaTeJbHbl CCHUIKA Ha
HepeleH3upyeMble U3JaHMs (IPUMEPDI OIMCAHNS CIUCKA JINTEPATYPbI, OMICAHUS CIUCKA JIATEPATYPHI Ha AHIJIHACKOM
SI3BIKE CM. HIDKE B 00pasne obOPMIICHUST CTATHH).

B xonue crarbu, mocjie CIMCKa JIATEPATYPbl, HEOOXOAUMO yKa3aTh bubauozpagpuueckue 0aHHbLE HA PYCCKOM
U aHIVIMHACKOM si3blKax (ecsm craThs opOpMIIeHa HA Ka3aXCKOM sI3bIKe), HAa Ka3aXCKOM M aHIVIMHCKOM si3bIKax (ecsn
craThba 0pOpMIIEHA Ha PYCCKOM fA3BIKE) W HA PYCCKOM M Ka3aXCKOM fA3BIKaX (ecsau cTaThba opOopMIICHa HA AHTIHHCKOM
SI3BIKE).

Ceederuss 06 aemopax: damnins, UMs, OTYECTBO, HaydHAs CTEIeEH, JOJKHOCTb, MECTO PabOTbI, IOJIHBII
cTyKeOHBIN anpec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM U AHTJIMHCKOM SI3BIKAX.

6. Pykonucy momkHa OBITH THIATEJIBHO BBIBEPEHA. Pykomucu, He cooTBeTCcTBYyIOIE TEXHUIECKUM
TpeboBaHusIM, Oy/lyT BO3BpalleHbl Ha JopaboTky. BosBpainenne Ha J0pabOTKy HE O3HAYAET, YTO PYKOIHCH IIPUHSITA
K OIlyOJIMKOBAHUIO.

7. Pabora c 37eKTpoHHONH KoppeKTtypo#. Crarbu, nocrynusiune B OTaen HayIHBIX u3maHuil (pegaxuus),
OTIIPABJISIIOTCS HA AHOHUMHOE DPEIeH3UpPOBaHWE. Bce peleHsny 10 CTaThbe OTIPABJSIOTCS aBTOpy. ABTopaMm B
TeueHue Tpex JHel HeoOXOAMMO OTIPABATHL KOPPEKTYPy crarbu. (CTaTbu, MOJYyYHUBIIAE OTPULATEILHYIO DEIEH3UIO
K IIOBTOPDHOMY PACCMOTDPEHUIO He NPUHUMAIOTCs. VIcInpaBiieHHbIE BApUAHTBI CTATEH M OTBET ABTOPA PELEH3EHTY
npucelIatoTcs B penaknuio. CTaTby, NMeIonye MOJI0KUTEIbHbIE PEIEH3UN, [IPECTABIISIOTCS PEIKOJIJIEINH YKy PHAJIA
JJIst OOCYKI€HUsT M YTBEPKICHUST JJIsT Ty OTNKAIIHI.
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ITepuomuunocTs >kypHasa: 4 pasa B rof,.

8.0mara. ABropaM, IOJIyYHBIINM IOJIOXKATEJbHOE 3aKJIOYEHNe K OIyOJIMKOBAHMIO HEOOXOIMMO IIPOU3BECTU
omIaTy Mo CaeAyIommMM pekBusuTaMm (mis corpyanukoB EHY — 4500 tenre, mysi croponHmx oprammsarmii — 5500
TeHre):

PexBuzurer:

1) PT'II IIXB "Espaswuiickuit narmonanbubiii yausepcurer uvenn JI.H. T'ymunesa MOH PK

AO "Bank lenrpKpemur"

BUK Banka: KCJBKZKX

NUK: KZ978562203105747338 (KZT)

Kum 861

Ko6e 16

"3a mybsaukaruio B Bectuuke EHY ®UO asropa"

2) PT'II 1IXB "Espasuiickuii Harmonanbuelii yausepceurer umenu JIL.H. Tymuinesa MOH PK

AO "Bank RBK"

BUK Banka: KINCKZKA

NNK: KZ498210439858161073 (KZT)

"3a nybaukaruio B Bectuuke EHY ©UO asropa

3) PI'II IIXB "Espasuiickuii Harmoranbabiii yausepenter umenn JI.H. Tymmmesa MOH PK

AO "Forte"

BUK Banka: IRTYKZKA

NUK: KZ599650000040502847 (KZT)

"3a nybsukanuio B Becruuke EHY ®UO asropa

MakaJjiaHbI paciMaey YJrici
MPHTMN 27.25.19
A K. XKy6ansmmesa ', H. Temupranues?, A.B. Yrecos 3

2 Unemumym meopemuseckoti MamemMamury U Hayunolr evvucienuti Bepasutickozo
HAYUOHAALHO20 YHusepcumema umenyu JI. H. lymuresa, Acmana, Kazaxcman
3 Axmrobuncruti peeuonasvnoi 2ocydapemeennnid yrusepcumem umenu K. XKybanosa,
L Axmote, Kasaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucaeunoe auddepenmnuposanne pyHKIu B KOHTeKcTe KoMIbioTepHOro
(BBIYMCIIUTEIBHOIO) IIOMEPEYHUKA

Auvotrarmss B pamkax KOMIBIOTEDHOrO  (BBIYUCJIUTEIBHOIO) IOINEPEYHUKA  IIOJHOCTHIO
perteHa 3ajada MPUOINKEHHOTO JguddepeHnupoBanns QYHKINH, TPUHAIIEKAIIX KJIaccaM
CobosieBa 110 HETOYHOH UHGMOPMAIMH, MOJYIEHHOW OT ITPOU3BOJBHOIO KOHEYHOI'O MHOYXKECTBA
TpuroHomerpudeckux Kosbdunuenrop Pypoe-Jlebera muddepenmupyemoit dyskmuun...  [100-200
CJI0B]

KunroueBbie cioBa npubimkeHHoe audQepeHupoBaHie, BOCCTAHOBJIEHHE II0 HETOYHOI
urbOpMAIUH, TIpeJjieJibHasi HOIPEITHOCTb, KOMIBIOTEPHBIN (BBIUUCIUTENbHBIN) HOnepedHuK. [6-8
CJIOB/ CJIOBOCOYETAHMI|

Bseaeune

Tekct BBEJIEHUSI. ..
Asropam He ciiejiyer UCIOIB30BaTHL HecTaHgapTHbie nakerbl LaTeX (ucnosb3yiite ux Juiib B
cilydae KpaitHeil HeoGXOMMOCTH )

2. 3aroji0BOK CeKIUu
Okpy:xeHus.
Teopema 1. ...

Jlemma 1. ...
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I''A. PpicbaeBa., A.M. CarrapoBa., A.Y. Hcaesa.

IIpennoxkenne 1. ...

Omnpegenenne 1. ...

CaencrsBue 1. ...

3ameuanmue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.

Jloka3zaTesbcTBoO. TekcT JoKa3aTe/lbCTBA.

2. ®opmyibl, TAGJIHUIIBI, PUCYHKH

. — SR — : L (7(N)
n(eniDn)y Son(eviTiFiDy)y = ol by CHERIN (1)
e O (en; (1M, on))y = Sn(en; T; F; (1Y) on ) )y =
= sup HTf(~)—<pN (lg\}) (f)+7](\})55\})7...,l§VN) (f)—f—'y](VN)ES\],V)p)H .
fEF Y

|'y§\'fr) |§1(T:1,...,N)

Tabsmibl, pUCYHKH HEOOXOUMO pacioyiararh nocje yrnomuHanus. C KaxKJI0#f WILTIOCTpanueil J0KHa
cJIeJOBaTh HAJIINAC.

Tasnuna 2 — Hazsanue tabinibt

IIpocTrie He mpoctrie
2,3,5,7,11, 13,17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

Pucvnok 3 — Hazsanue pucyuka

3. Ccbutku u 6ubaunorpadus

st cchloK Ha yTBeprKjeHusi, (DOPMYJIBI U T. II. MOYKHO HCIIOJIb30BaTh MeTKH. Hampumep, Teopema 2,
Dopmyma (1)

st pyroBogcrsa 1o M TEX u B KadecTBe mpuMepa opopMIIeHHsT CCBLIOK, CM., HanpuMep, JIpBoBckuii C.M.
Habop u Bepcrka B makere ITEX. Mocksa: Kocmocuadopm, 1994.

Crmcok mreparypbl 0OPMIISETCS CIIEIYOIIM 00Pa30M.

Crucok aureparyphbl

1 Jlokyuuesckuit O.M., I'aspukos M.B. Hauasna yucinennoro anamuza. —M.: TOO "dAuyc", 1995. —581 c. - kHura
Temuprammes H. KoMubioTepHbIil (BBIMUCIMTEIBHBIN) MONEPEYHUK KAK CHHTE3 M3BECTHOIO M HOBOTO B IUCJICHHOM
anaymmse // Becrauk EBpasuiickoro nanmonasnbaoro yuusepcurera umenn JI.H. Tymuinesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (npu HaIMINK) - CTATHS

3 Kybausimesa A.2K., Abukenosa I11. O nopmax npousBogubix MYHKIUN ¢ HyJIeBBIMA 3HAYECHUIMHU 3aJaHHOTO HAOOPa
JIMHEHHBIX (PYHKIMOHAJIOB U UX HNPUMEHEHHs K IIONEPEYHUKOBBIM 3aaadaM // OyHKIMOHAJBHBIE IPOCTPAHCTBA
n Teopus npubskenus oyskiuit: Tesucer mokianoB MexyHapoiaHoi koudepeHnnu, nocssmnennas 110-jeruio
co must poxkenust akajemuka C.M.Hukosnbckoro, Mocksa, Poccusi, 2015. — Mocksa, 2015. —C.141-142. - Tpyznbt
KOH(epeHImit

4 KypmykoB A.A. AHrmonpoTeKTOpHas ¥ IUIIOJIUIIIIeMAYecKas aKTUBHOCTE JieykomusuHa. —Asmarsr: Bacray, 2007.
—C. 3-5 - ra3eTHbIE CTATHU
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5 Keipos B.A., Muxaitimuenko I'\I. Ananutudeckuii MeTO/| BIOKEHMsI CUMILUIEKTHIECKOH reomerpun // Cubupckue
9JIEKTPOHHBIE Maremarudeckue uspectust —2017. —T.14. —C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (mara obpamenms: 08.01.2017). - 9JIeKTPOHHBIN Ky PHAJ
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