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THE ROLE OF HIGHER VASCULAR PLANTS
IN BIOLOGICAL WASTEWATER TREATMENT

Abstract. The article presents the results of a botanical analysis of water systems in the south of Kazakhstan.

Hydromacrophytic vegetation of the reservoir reflects its hydrological and thermal regime and can characterize
the features of its chemical composition, trophic status, age (as a stage of development). In some cases, phytocenosis
and some types of macrophytes can be used as bioindicators, for example, in clean water, as well as to determine the
degree and nature of anthropogenic impacts.

Metals, metal compounds and toxins cause disturbances in many metabolic processes in plants. As a result, the
highly toxic nature of their ions selectively affects the species composition of the phytocenosis.

In Shymkent, almost a unique system of treatment facilities has been operating for about 20 years, during this
time, resistant species adapted to the environment were selected, and a plant cenosis consisting of dominant species
was formed. In this regard, a floristic study was carried out in the canals around the treatment plant, adapted to
climatic conditions and pollutants. As a result of the study, the species composition and the number of plant
communities decreased due to the toxic concentration of water.

It is clearly seen that Cerathophyllum demersum, Lemna minor, L. trisulca, Phragmites australis, Scirpus
lacustris, Epilobium adnatum were identified as effective phytomeliorants, significantly reducing the content of the
main pollutants in urban wastewater. In addition, algae have been found to be indicators of pollution. Highly
effective organic fertilizers can be obtained from the used vascular plants and algae.

In general, these data showed that the optimal consortium of wastewater treatment plants at low temperatures
should be formed from different ecological groups of plants: coastal, floating and inhabiting the aquatic environment.
In addition, among these plants were found sedimentary hornbeam, campfire fish, southern reed, lake reed and a
related cypress.

Key words: wastewater, water plants, phytomeliorants, water system, algae.

Introduction. Hydromacrophytic vegetation of the reservoir reflects its hydrological and thermal
regime [1] and can characterize the features of its chemical composition, trophic status, age (as a stage of
development). In some cases, phytocenosis and some types of macrophytes can be used as bioindicators, for
example, in clear waters [2], as well as to determine the degree and nature of anthropogenic impacts [3].

Metals, metal compounds and toxins cause disturbances in many metabolic processes in plants. As a result,
the highly toxic nature of their ions selectively affects the species composition of the phytocenosis [4].

Research by Senze et al. showed that among the group of metals such as cadmium, copper and nickel,
cadmium is primarily accumulated in ecosystems. A number of plants are capable of accumulating heavy
metals. According to Tangahu et al., Scirpusrossus is one of the promising lead hyperreactor cells capable
of reducing the metal content in water by more than 99.7% in 28 days. A number of studies suggest the
use of Ceratophyllum demersum [5] and Typha angustata [6] for the treatment of polluted waters. When
comparing seven types of accumulation of heavy metals in aquatic plants Ipomoea aquatic Forsk,
Eichhornia crassipes, (Mart.) Solms, Typha angustata Bory & Chaub, Echinochloa colum (L.) Link,
Hydrilla verticillata (L.f.) Royle, Nelumbo nucifera Gaerth. and Vallisneria spiralis L. Nelumbo nucifera
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had the highest accumulation capacity [7]. At the same time, it was found that metals are unevenly
distributed over plant organs and depend on the plant species.

Thus, the impact of technogenic factors on plants causes certain morphological and genetic changes
caused by the toxic properties of various types of pollutants [8-10]. In the plant communities of
contaminated areas, there is a natural selection of tolerant species, which are defined as the dominant
plants of disturbed ecosystems. Establishing a correlation relationship between influencing factors and
morphometric changes, the dominant plant species serve as the basis for the bioindication method for
assessing the ecological state of regions.

Objects and methods of research. Floristic studies of the hydromacrophytic communities were
carried out on mountain rivers Zhabagly-Su, Kaskasu, Balda-Breck, Keltie-Mashat, Sayramsu and
lowland rivers Badam and Koshkar-Ata in Southern Kazakhstan.

Sampling and hydrochemical analysis of water were carried out according to government standard
(GOST) 18826-73, 4388-72, 18293-72, 18309-72, 4245-72, 3351-74, 4979-49, 4151-72 and 18293-73, as
well as according to the generally accepted method of V.M. Katanskaya.

To determine the species composition of the plant communities references have been used and
determination keys (Pavlov N.V., 1956-1966). Sampling of plants was carried out by route and
reconnaissance method followed by post-processing of collected herbarium material. The frequency of
occurrence of terrestrial plant species was determined on the Drude scale, and aquatic plants using its
modified version according to V. Sukachev.

Statistical analysis of the results. Experiments were carried out five times in repetition, calculate the
standard deviation at 0.95> P> 0.80. Statistical processing was performed using the statistical software
package Microsoft Excel. By the number of measurements and in general diagnostic group determined the
arithmetic mean.

Research results and discussion. The study did not take into account the artificial phytocenosis,
which is located along the water channels, but not related to the aquatic environment. This is due to the
fact that plant species, often belonging to the annual or biennial ruderal and segetal groups, do not
significantly affect the aquatic ecology.

Due to research the ratio of ecological groups in the species composition of the studied phytocenosis,
it was found that in the composition of phytocenoses 1-3 there are no representatives of hydrophytic
groups. This showed that the aquatic environment was unfavorable for them. It is associated with very
high concentrations of organic and mineral pollutants. Cosmopolitan species such as the southern reed
(Phragmites australis (Cav.) Trin.) and the amphibian (Polygonum amphibium L.) predominate. The third
phytocenosis includes 4 species of Diatomophyta, 2 species of Cyanophyta and 3 species of Chlorophyta.
Further, due to the purification of the aquatic environment, in 4-5 phytocenoses lake reeds (Scirpus
lacustris L.), several species of sagebrush (Potamogeton natans L., P. filiformis Pers.), Veronica
(Veronica anagallis-aquatica L., V. beccabunda L.) appears. Phytocenosis includes sedimentary
hornbeam (Ceratophyllum demersum L). The occurrence of water mint (Mentha aquatica L) among these
plants has been estimated to be rare on the Drude scale. Among the representatives of algoflora there are
7-9 species of Diatomophyta, Chlorophyta. Thus, the results of this study clearly show that the chemical
composition of the aquatic environment has a strong influence on the species composition of plant
communities. In addition, the reduction of excess toxic concentrations of organic and mineral substances
in the aquatic environment creates favorable conditions for the survival of true hydrophytic plants. As a
result, in the 3-4 phytocenosis begins to form a high-level community of true hydrophytic plants and
algae. A decrease in the toxic concentration of pollutants activates the life of plants, and this is due to the
concentration of optimal amounts of minerals by strengthening the nutrient base.

It is worth noting the important role of the algae association in the purification of the aquatic
environment. This is because algae have a much higher contact with the aquatic environment than higher
aquatic plants. Analyzing the results of the study, it can be seen that algae predominate in certain periods,
and the composition of the phytocenosis after their periods of rapid development consists of plants that
live in moderately purified water. This conclusion was confirmed by chemical analysis of the aquatic
environment.

The second characteristic of the plant community was the design of the water surface. These values
of phytocenoses 1 and 2 did not exceed 5-10 + 2.2%, it reached 25-30 + 1.7% in 3 phytocenoses, 85-100 + 7.4%
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in 4 -6 phytocenoses. In order to study the phytomeliorative properties of local aquatic plants identified in
these studies, 8 glue bottles with a capacity of 50 liters were tested in production model experiments. Each
box was filled with 2 kg of biomass of individual plant species and 40 liters of wastewater from the
primary radial settler. The cans were placed in the open air near the sandbox. The duration of the
experiment was 10 days. The results of the study showed that the aquatic environment was purified by a
number of ingredients. All plants continued their normal vegetation processes and increased their biomass
by 2-2.5 times under the experiment. However, the deterioration of the aeration regime contributes to the
biological pollution of the aquatic environment due to contamination by aquatic organisms. This is due to
the fact that the decrease in the concentration of dissolved oxygen in the aquatic environment contributes
to the rapid development of anaerobic microorganisms. As a result, the optimal parameters of the aquatic
plant's habitat are violated, which adversely affects their life processes, impairing the growth, development
and reproduction of plants. And sometimes it even stops.

The dynamics of absorption of ammonium and nitrite ions of these plant species was studied in
laboratory experiments. For this purpose, glass aquariums with a capacity of 20 liters with a model
solution of 15 mg / | ammonium and 1 g / | mineral salts were used. The experiment was performed for
7 days at a temperature of 0 + 50C in a Samsung refrigerator, where additional lighting was turned on. The
study showed that Cerathophyllum demersum, Lemna minor, L. trisulca, Phragmites australis, Scirpus
lacustris, Epilobium adnatum are exposed to 0 + 50C for a long time. In this case, the level of purification
of the aqueous solution from the nitrogen group is in the range of 10.6-43.6 + 3.3%, and the value of
mineral salts is in the range of 5-16 + 1.2%. Additional light significantly extended the viability of the
plant.

It can also be noted that algae are an indicator of water pollution. Waste algae and higher vascular
plants can be used in the future to obtain biofertilizers.

Conclusion. Overall, these data showed that the optimal consortium of plants for wastewater
treatment at low temperatures should be formed from different ecological groups of plants: coastal,
floating and living in the aquatic environment. In addition, such plants were found sedimentary hornbeam,
small fish fire, southern reed, lake reed and related cypress.

XK. K. Mblp3aﬁaeBa1, A. O. Ucaea’,
I. V. Baiitamesa', A. A. Epumberoa’, A. E. Tieykeepa’®
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ATFBIHABI CYJIAPJAbBI BUOJOI'UAJIBIK TASAPTYJATBI
KOFAPTFBI TAMBIPJIbI OCIMAIKTEP/IIH MAHBI3bI

Annotanus. Makanana KazakcTaHHBIH OHTYCTITIHJIET Cy XKYHelepiH O0TaHUKAJIBIK TaJay HOTHKEJIepi Kepce-
TiATEH.

Cy KONMAacCHIHBIH TUAPOMAKPO(PUSIBIK OCIMAIKTEpPi OHBIH THAPOJIOTHSUIBIK JKOHE XKBUIY PEKHUMIH KepceTemi
JKOHE OHBIH XMMUSUIBIK KYPaMBIHBIH, TPOMUKAIIBIK MOPTEOECIHIH, )KaCHIHBIH €PEKIIeIKTEpiH (JaMy caTbIChl pEeTiHIIE)
cunarraii amanmel. Kelibip jkarmaiapma (DHTOICHO3BI JKOHE MaKpO(QHUTTEPIiH KeHOIp TypiepiH OHOMHIUKATOP
peTiHae KonmaHyFa OoNaabpl, MBICAJBI, Ta3a Cyla, COHBIMEH KaTap aHTPOMOTCHIIK SCEpIiH IopeXeci MEH CHITaThIH
aHBIKTayFa 0OJaIbI.

Merannap, MeTaul KOCBUIBICTAPBl MEH TOKCHUHAEP OCIMIIKTEpPJETi KONTereH MeTabOIMKAIBIK MPOIeCTEPIiH
Oy3bUTYBIH TyIbIpaabl. HoTimkecinae, onapAblH HOHIAPBIHBIH OTE YIIbl TAOUFATHl (PUTOLCHO3/BIH TYPJIK KYpaMbIHA
CEJICKTHBTI TYp/IE 9cep eTei.

emvkenTTe 20 >XbUTFa XYBIK Oipereif TazapTy KYpBUIFBIIAPHI KYHEC KYMBIC iCTeH 1, OCHI YaKBIT apajIbIFbIHIA
KopIIaraH opTara OeiiMmenreH Te3iMIi Typiep TaHAaJbI, 0achkM TYPJIEPACH TYPATHIH OCIMIIKTEp MEHO3BI KaIbII-
tacTel. OchiFaH OailJIaHBICTBI Ta3apTy KOHIBIPFHICHIHBIH alHANACHIHAAFl KaHAIAAapAa KIMMATTHIK JKaFmaaiinapra
KOHE JIacTaylIbl 3aTTapra OeiliMaenreH (pIOPHCTUKANBIK 3€PTTEy KYPri3inmi. 3epTTey HOTHXKECIHIEe CYABIH YIIbI
KOHLIEHTPAIUSIChIHA OAIaHBICTBI TYPJIEP KYPaMbl MEH OCIMIIK KaybIMIACThIKTAPbIHBIH CAHbI a3aii/Ibl.

Cerathophyllum demersum, Lemna minor, L. trisulca, Phragmites australis, Scirpus lacustris, Epilobium
adnatum THiMAI QUTOMETHOPAHT PETiHAE AHBIKTANBIN, KANAIBIK aFblH CyJapJarbl HETI3ri JlacTayllbl 3aTTaplblH
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KYpaMbIH elIoyip TOMEHAETKeHi aHblK Oailikanaabl. COHBIMEH Karap, Oayblpiiap JlacTaHy WHIMKATOpJapbl OOJIBII
TaOpuIABL. JKOFaphl THIMII OpTaHUKAIBIK THIHAUTKBIITAPBI KOJIAHBUIFAH TAMBIPIIBI OCIMAIKTEp MEH OaabpIpiiapaan
aiyra Oomampl.

KopbIThIHIBIIAN KeceK, OyJI MaJiMeTTep arbIHIbl CyJapAbl Ta3apTy KOHIBIPFbUIAPBIHBIH TOMEH TEMIIepaTy-
pamarsl OHTAIIIBI KOHCOPIIMYMBI OCIMIIKTEPIiH 9p TYPJIi SKOJOTHUIBIK TONTAPBIHAH: JKarajaydarsl, ©3repMei )KoHe
CyIBI OpTaa TIPIIUIIK €TeTiH TONTapAaH KYPBUIYBl Kepek ekeHiH kepceTTi. COHBIMEH KaTap, OCHl ©CIMIIKTepIeH
LIeTiH/AI MYHI3, OT jKaraTblH OalbIKTap, OHTYCTIK KaMBIC, KOJl Kyparbl >KOHE OHBIMEH OallIaHBICTBI KHUIIAPHUC
TaOBLIIBL.

Tyiiin ce3aep: arpIHABI CyNap, Cy eciMaiKTepi, huToMennoparrap, cy xKyieci, danmsipuap

K. K. Mbip3a6aeBa’, A. V. Hcaesa’,
I'. Y. Baiitamesa', A. A. Epuméerosa’, A. E. Tieykeepa®
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POJIb BBICIHIMX COCYJUCTBIX PACTEHUI
B BUOJIOITMYECKOM OUMCTKE CTOUYHBIX BOJI

AHHOTanus. B cTathe mpuBeneHb pe3ysbTaThl 00TAHMYECKOTO aHAIN3a BOAHBIX cucTeM fora KasaxcraHa.

I'mapomakpoduTHAsT pacTUTENFHOCTh BOJOEMa OTPaXKaeT €ro TMAPOJOTHYECKHH M TEePMHYECKUH PEKHM U
MOXKET XapaKTepH30BaTh OCOOCHHOCTH €ro XMMHYECKOI'O COCTaBa, TPOGHYECKOTro cTaTyca, Bo3pacra (Kak CTaauu
pasButus). B HEKOTOpBIX cCirydasx (UTOIEHO3 M HEKOTOPHIE BHIbI MakpO(pHUTOB MOTYT HCHOJB30BATHCS Kak
OMOMHAMKATOPBI, HAIPUMEp, B YUCTOW BOJE, a TAaKKe JUIS ONpENeNieHUs] CTENeHHM M XapakTepa aHTPONOTrE€HHBIX
BO3CHCTBUIA.

Mertanibl, COeAMHEHUs] METAUIOB M TOKCHHBI BBI3BIBAIOT HAPYIICHHWS MHOTHX OOMEHHBIX ITPOLIECCOB Y pac-
TeHHH. B pe3ynbraTe BRICOKOTOKCHYHASI IPUPOA X HOHOB M30MPATENIbHO BIUSIET HAa BUJOBOW COCTaB (PUTOLIEHO3A.

B IIsivmkenTe yxe okoio 20 JeT JecTByeT NPaKTHIeCKH YHUKAJIbHAS CHCTEMa OUYHCTHBIX COOPY>KEHHMH, 33 3TO
BpeMs ObIIIM OTOOpPaHbBI YCTOWYMBBIC BUIBI, alITHPOBAHHBIE K OKpY:Karomei cpeze, 1 chOpMUPOBaH paCTUTEIbHBIN
LIEHO3, COCTOSIIMI M3 JIOMUHHPYIOIIUX BUAOB. B CBSI3W C 3TUM B KaHajlaXx BOKPYI OYHMCTHBIX COOPYXXEHHUH OBbLIO
MPOBEICHO (DIOPUCTUYECKOE HCCIIEN0BAHUE, aJAaNTUPOBAHHOE K KIMMATHYECKUM YCIOBUSIM U 3arpsA3HUTEISIM. B
pe3ynbTaTe UCCIEeIOBaHUS BUIOBOM COCTaB M KOJIMYECTBO PACTUTENBHBIX COOOIIECTB CHU3HMINCH M3-3a TOKCHIECKON
KOHIIGHTPALIUHU BOJBI.

OtueriiuBo BumHO, 4t0o Cerathophyllum demersum, Lemna minor, L. trisulca, Phragmites australis, Scirpus
lacustris, Epilobium adnatum Ovimu onpeneneHbl Kak 3QQeKTHBHBIE (YUTOMEITHOPAHTHI, 3HAYNTEIHHO CHIDKAIOIINE
COJICp)KaHMEe OCHOBHBIX 3arpsi3HUTENICHl B TOPOJCKHMX CTOYHBIX BoJax. Kpome Toro, OblIo OOHapyXeHO, uTO
BOJIOPOCIH SIBIIAIOTCSl MHIUKATOpaMU 3arps3HeHMs. VI3 HCHONIb30BaHHBIX COCYAMCTBIX PACTEHHH W BOAOPOCIEH
MOJKHO TIOJYYIHTh BBICOKOA((EKTUBHBIC OpraHWIECKHUE YI0OpEHUS.

B nenom 3T naHHBIE MOKa3alM, YTO ONTHUMAJIBHBIN KOHCOPIUYM YCTAHOBOK IUIS OUMCTKH CTOYHBIX BOJ HpHU
HU3KHX TeMIepaTypax IODKeH (OpMHPOBATBHCS M3 Pa3HBIX HKOJOTMYECKHX TPYIIN PACTEHHUil: NpPUOPEKHBIX,
IUTAaBYYHX W OOWTAIOMMX B BOIHOU cpene. Kpome Toro, cpemm Takmx pacTeHHH OBUIM HaliIeHBI OCamO4YHBIN Tpad,
KOCTpOBask pbIOKa, TPOCTHHK F0XKHBIHM, 03€PHBIA TPOCTHUK M POJICTBEHHBIH KUITAPHC.

KnroueBble c10Ba: CTOYHBIC BOAbI, BOJHbBIC PACTEHHS, (PUTOMEIHOPAHTHI, BOJHAS CUCTEMA, BOJOPOCIIH.
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