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30509950Mg4MBOMO,  BOJMNWGHIGVIO0  965gOHMOGI0 90006 @S odBHmBL
10




53963965309l 9HYbgb Tz5535B5 s 50Ol FoMdmddboom.

X599960 300W0RMmMH IGO0 d0bs®mMd96 boswsado, fysedo s I;3965699dby.
Dm0 Jomobo bsferogm@o FoedmImdolLss, I3 8936 Fomgsbl d9deos
593009 39MBRIBs 9JuBHMYTo O 9JuBM9bGIMIME (Bsfensgol
39Mgm  5MOLYdIM)  ASMgIMToE. Jod  bdoMo  094gbgdgbh  Lobdgwo  Fywrol
9mboBMM0baolm30l, oo Tosmo  9MBYdIMdS FoMomgdL, Mmd  {gswo
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390 0BMOH-296H9d090o LObEOMT0 S S BBZS 5350 JdGdO.

53 05gBHgmool 439moBg 493039 gdMwo IgMYd0s : 3N EH03w Ml
AG9bGHo (Most probable Number Method), 99906560 gowE®ogool dgmmo,
BLIOOILEIBAYWo ©s Jodormo GabGHgdo.
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96090 o@®do, 35306 GmEs bea®ds 5000-0s.

©00b6dmEqds 90dwgds ImdbsMogm IMogswo  gomrmsb. 39Mdme,
90090509  BHJO0GHMM05Dg  IM30s  9¢5T0sbol 33900  Bo®B9bgdO,
3bM39ms  B939Mo  AdLgdo,  LogmagssbmgMgdm  Bo@Bgbgdo s  Lbgs,
MMIwgdoE 30603060 H3gd0sb sMbBI0 @y s1g3g o3l 0y®m0osb B3z9bL doge
d960Bgm 65535909 Dby.

Escherichia coli — E.coli - 560l 94650995609 x30000, 535399 EGWIOSQ
36596MHMOME0 dsdBHM0s, HMIgos dog3mmgbgds Enterobacteriaceae -l g obl.
ol 06900350 §3b3Y0S 9@F0sbOL s MdoWLOlbosbo  3bmzgegdols
6553996 80360Md0ME5d0, ooz 3609369 M356 MM SLOWE9dL LsFderol
936909 s 03MBMMO LoLEIIOL MY YdSTO.

Escherichia coli - b 9mOxm@ma0s: (3000, 3M591sOmYMBOMN0 ds3Gows
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3596990l Moo dx53900L5 s JdBYOOL HotmBmddboom. ol Foedmddbol
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0065OMBL.  Jomo  DBmyogemo JBHodo  oblozMmMgd0m  ©OELIBL  dergdl
3°090mdo  (figoero, Bs33900, doffs). Jobgogs 0dols, MM gl BdoJBHYMos
Bsfesgm®o gm®dol beaedoemMo  3m33mbgbEos, dolbo BmyoghHmo JEosdo
390dgds 0gmb 350 96v9M0 s godmofizomlb b3oolb3s o535Yds.
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9500 36033690 mdqd0 305608690 0dsls, O™ GBI LObXJOOL S0gdOL OML s
05650093 900 56 Jmbos 089 LgHOoMBMWo 6 oo MmIMEPIbMdOM
053500609990 gd0L BogMols, Mol 89093 9900w gdms 933w owogm 538
3563969000 9d0l Looggdo.
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QOEOS  d0BIMMGds), F935MPR0gm, By 3mgzom, Fmbmmo FodEowo (dc.
565330L  Bo306MHM9b, bodo3LoyMgosb 5008 - ol sIMGGdom) MHMIgEo;
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©sbObgEgds
1 | 9. 565330L 28.2 <2.0 520 31.2 98.5
Bodoto (gmbydo
fla®doeo)
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Lsboom.

3b®0oo 6. 396569900l dogh s030Lgdwmo Fg@EsEgdol MGsmEobmdgdo

Ne 609mdol Pb, Zn, Mn, Cu
Qobobggds

1 be®Hdoo 14.0 9p/33 | 84.5303.3% 145.9 9p/3% 17.3 92/39

2 LBHOBOEM 22.80%/3y | 42.3 3.3 375.8 03/32 18.3 92/39

3 Fotbowo <5.00%/33 | 85.439.33 80.3 03/39 12.9 92/39

4 L0 <5.00%/33 | 128.3 3.3y | 48.6 03/39 14.5 92/39

3HO0Wwo 6-b M3sbosmeog Bsbl, ®md B3z9bL dogH Homdmepgboro
9396569900 25633970 Mom©gbMmdom 0m30Lgdgb 585 ™y 08 FgBowgdL
60553056, 390dm© - HY300 @5 TobRobMTo g439wBY 39RO  SOMZ0LS
bAoxowmd, Mmool FogdlodsIMO  MoMmEYbMds  S0m3z0Ls BMEMBIETs o
FoObods, bmem o3 99gbgds L30rgbdl, ol s0m30Ls Y3zgws Lobgmdob
93965699 0momddol gembsoGmo HsMYbMdOm.

130¢96do ®0MJAol yzgws 839bsMgd MsbsdIMO MoMmEIbmdom S0m30Ly,
0d3e gb 9583969090  SMHE3gOMOL T9dmnbz9350 YMBOEES OO. 5J9b
39930656y, dobo  3mb396GH®O305 BgwmzbMe  493boM©ge  boswoydo.
0% M5 9Ju39MH0TIBBHO BZBHIMID  WHdMOOEAMMOM 3060MdJOT0. Mo
B39b6 30300, ®MI 3d0dg 393900 BooRdo 5399 0MYds 60 LD Lo®AY Y,
530 M3 65253L5YM9BY 5300900 Boosyo LMMg 3 LoMdgbg (LEsmo 8).

BgMs00 8. Bogs3LsyMeosb dofiols 50gds
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BogogLoggeosb  smgdme 1 30emy®med  bsogLogMgarol ool
5353539 B30EgbAoL LYIEXBSGOL MO JoBLB3390ME0 CoMmEYbMds. 3039w
39000b393580 35953900 90 3 CuSO4; bmerm Igmeg dgdmbggzsdo 180 g CuSO4.
9 Y39wsxgMo 9350bsgom d3oMg Bmdol Jnmbgddo s dsl8o szmaligom
UGHOR0EM, beMd0 s FoOBIE0. 0dol Lsbsb35, M MMYME FJOE3EYIMOS
SLom30L909eo  b3owgbdol  3sB39690gdol  BOmEbmds  83gbatggddo,
Bo35¢5M90 3853 gd0mo  33e93900.  9Jb3gm0dgbGHOL  MML  sdmlvyero

9396569930 HomdmEygboos LEomqdols 9-11 - ol Laboo.

500 9. 9396569 FoMbsgro bmeomo 10. 9396569 beamdagro

bmGsoo 11. 93gbstrg LBsgogm
900900 89092900 Ho6dMEygboos 3bGOwo 7- ol Lobom, byss BBL,
™3 605096, HMIgELs 53 YdMwo Jmbs 90 g L3ogrgbdol Lwwas@o,
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bEogowmd somgzgols 57938y/3y B3owgbdo, bm®mdsends - 1647dy/3y L3owgbdo

bom Fobowds - 2543 83/3y L30wgbdo.dgmeg Jgdmbggzsdo Bosoy0sb,

OMIglsg ©95¢gdmwo Jmbos 180y L3owgbdol byerxs@o, LEsgowmd
s0m30Ly 15287 3p/33 L30wgbdo, bm®dserds - 20160p/3y L3owgbdo, bmerm
Fo®boends - 2152 dp/33 FoGObogo.

3gbMoo 7. 93965699030 L3ogrgbdol Lbgsslibgs 3mbEgbEHMms30gd0

obobgmgds 6050530 909.CuSO4 Bossy0 1809.CuSO4
LBOx0EM 5793 3y/3 15287 03/39
bm®dswo 1647 9p/3p 2016 39p/3

FoObowo 2543 93/32 2152 9y/3

60553056, GMmIgbg3 ©353Hgdmo ogm 90 g. CuSOs+ LEsGoE ™I

s0m30Ls  18%, bmMdoeds 5.1% o Fomboseds 8% UL3owgbdo. dowgdmwo

39093990L 36OM396¢ Mo 5B396909w0 Fo0dm®gbowos bobsBbo 6-0b Loboo.

6050930056, MHMIGBg3 ©IT5EJOMwo oym 180y CuSOs LEHIGow ™I

50030L5 23. 8%, be®d5¢0ds 3.15% o FoObods 3.4% (bsbsbo 6).
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(=¥ |

9396560l 8096 50030900 b3oergbdob Gacmegbedo, %

l‘l-ll-l‘l

booopgo+ booogo+ booogo+ booogo+ bodogo+ bodwopo +

9076 CuS04 90pM CuSO4 903»CuSO4 1805

(bLHomocmm) (beedac=o) (FoGbocmo)  CuSO4

18035
CusO4

(bLEozocmm) (betdacmo) (Focbocmo)

Bab 6. d3gbstrggdol dogh s0x30Lgdwymo B3ogrgbdol Gsmmgbmds (%)

d00gdo 999390000 99230005 300K JEOM,

60d  L3owrgbdol

5030L900L 439w sHg FosEr0 b0 25dMogw0bs LBHogowmd - 18% s 23.8%.

bem bem®mdobs s Foebeol doge b3owgbdol smgzolgdol sB3969dwgd0 30

093650 6530930 508mBbs. (0b. Bsbsbo 6).

@50MMSGHMOO  3060MmdJOTo  QdBO©OE

d39bst9qddo  (LEHSBoM,
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bmOdoo, F56Mbseo), HMIGEms Booagbog sds@gdmwo Jmbos 90y s 180y
CuSO4 go3Bmdgon dgBowgdo: Mn; Zn s Pb. 6Go@aob 53 d9¢owgdom
Q50063M9g0Mmo  0ym  60ssa0. 90dmPBbEs, ®MI L3owrgbdol LM xsEol
59539050 go3e9bs dMEbObs 58 dgEogdols 5301935 d3965699d0l doge.
00mMgMo  I9BHowol  Mmomgbmds  Lb3zoslbgzs  Momgbmdoom  89dzocms.

dmbs3939d0 dm3900s 3bGOwo 8-0b Loboo.

3b®oo 8. L3060 39OEMIBYO B0 F3xbsMggdols dogh smz0LgdwYEo
01900000, Y300l s Jobsbydols Momegbmdgdo

Bosspo Bossgo
909 CuSOs4 1803 CuSO4
Zn Pb Mn Zn Pb Mn
LBOBOEM 58,809/33 | 68,40%/33 | 215,50%/33 | 105,10%/39 | 28,1502/3 451,99%/32
bm&OHdso 50,509/33 | 37,80%/3% | 87,13%/33 | 51,209/3y | 77,750%/33 248,999/33
Fo®bowo 33,509/3y | 37,10y/3y | 147,609/33 | 23,20%/3y | 34,90%/39 88,902/39

0¢) 89350056090 3bOOW 7 s 3bGoe 8, 99330005 35133650, MH™I

bosogdo CuSO4  ©sds3gool 8999y, 939bs6ggddo gots 0dolbs, M®I
390056 b3ogbdols 99339 Mds, F9I30MHES BMYogOmo Lblgs dgEowgdols
509bMdY00. 3960IM® LEHIGoE MO sbyobmdol 3mb3gbE®MoE0sd 03wm 57%-
0, bmwm bm®ds¢do 59%-0m. Mmool 30mb6396EM3058 FoMbowdo oo™
39%-0m, bergwem bmn®mdsendo - 69%-0m (babsbo 7-8).

50600y 99230005 3mgzom, MM L3oErgbdol LMExsEo  5dmBbs
bgolidgddwgwo  BogBHmOo  BMmaogmmo  93gbsMolomzol  MmMOoLs o

9569560930L  sm»30Lgd0L  3MMEgLdo.  bmwm  Fg@Bgmwo  d3gbscggdosb,

UAOBOML 50FMBbEs BL30EghAoL sM30LgdOL Y39esby Jowowo wbsmo.
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939656093830 Zn-ob GomEnbmdmoz0 g3wowPdgdo Cus04-ob
©o>B>¢xdobb

C,Zn C,Zn+ C, Zn ( FoGboemo) C,Zn+
(beEd@0) 90MCus04 90MCus04
(bexBoero) (326303¢00)

Bob 7. CuSO4-00 59000700 605sg00sb 3396569900l doge s030LgdvYEo
079000 G0EY5MdJBdOL (33¢0Egdgdo

93962639830 Mn-ob Gompnbmdtozo ggemoemgdgdo Cus04-ob
©3>35¢3xd0bals

400
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0
C, Mn (beGdx=0) C,Mn+9036  C Mn(Ldogorm)  C, Mn+9036
CuS04(bm&dac0) Cus04{Lhomocer)

Bsb 8. CuSO4-00 9580©MYO9e0 B05s30b I396507900lL Boge smzoligdwymo
056560980l M5mEgbMdYdOL (33¢r0M9dgd0

Bogogloy®mgemdg @osmglowr 939696099330 3HY300L MOMIbMds FoObodo
@5 LoEromsdo s0BmEbs Momgdol 3Hobsds®mo Momgbmdol - 5.00y/3y - by
6530900. 580@™3 Boosal, ghom 89dmbggzsdo 35853 50y Pb(NOs)2 o
dgmeyg dgdombggzsdo 100 g Pb(NOs). Gyzoom 99000093  bossgdo
omqbo 0dbs  FoMboo, GMIgdog gogdmIgem dob FogH  sm30LgdMwo
AY300L O5mgbmds. 9909900 bsbgz9b9005 3G 9-To.
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300 9.L5¢N305L5 S FoMberols dogh sm30L7dMEo BY300l HoMEYBrmds Boswsgdo Pb(NOs):
5095900l 89803

93396569 Ayzoolb Boosogo +509 Bossgo
899339 ™ds Pb(NOs)2 +1003Pb(NOs):
FoObowlbs o
LoEromado
®959dEHogol
5053905009

FoObowo <5.099/3% 543.4 9p/3y 18943y/3

Lognomo <5.099/3% 628 9y/33 2125 9p/3

MHMamO3 3590530, boosgdo 50 g. Pb(NO3)2 sds3)gdol 8999y FoOboerdo
AY300L  BoMmIbmds  A50BsMEs Mmomddol 100-x9gM, bemeom 100y Pb(NOs)2
59353900l 9999 0mddol 300- ¥9O o dgBo. SBgmo3g 39630
3906036935 339bstg Logrsmsls dgdmbggzsdos. (ob. gbMowo 9) gmggwozg qb
90935603690L 005D7, HMI LHEISMS O FoOBIEO B3TIMP SWZOWSE OMZ0LYIL
AY300L ImdM53 3MOIGOL 60oIR0b.

Bosogdo BHyzool bodMo@ol ©ods@gdol d9dymad, 9396569 FoMbowwdo
AY300L  3m6396EGHMs300L F9@gdslmb oMo gE Mo, d9di0M©s bbgs ddodg
39G5w 900l (000095, B30 9bdo, Bs956930) MomMEgbmMdgdo. (0b. sbMowo 10)

gm39ogg gl d0sb0odbgdls 0dsl, ®Mmd GHYz0s bossado Bmbggolsls
59306M90L 9;39656M0L MBIOL S0MZ0LML OGO GegdgbEHJd0, OHMYMMOES MMM,
b3orgbdo, 3sby96mdo.
3b®ocwo 10. gz000: §580EMHIDIMEO 50506 I39bsMggdol Jogh smzolgd Mo cgmools,

0565630l s B3oggbdol Gocmabmdgdo

d39boty Booogo Bosgsyo +
+ 509 100y
Pb(NO:s)2 Pb(NOs3)2
Zn Mn Cu Zn Mn Cu
Fodboewo | 70.109/3y 58.40p/33 | 9.50%/3 62.802/3y | 50.209/39 8.20%/39
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3153365
5006, ®MI BogogLEYMgol Jos GHIMOGHMM0S IB0BAMYGIM0S
090 BHMJLo3Memo 9EgdgbGHOM, HMAMOOES BY305, Jobo J9I(339W™MdS
Bosogdo MEHME©Ids 2.4 BI-L. 1939 Yzgwrs 9dodg dg@owgdols
3Mb396E®Mo30s BogogLsgMgols 6ossAdo 5FsMDdIOL RMbME (oM Eowdo
9d009gdm d9gEowgdols 3603369 mdgdb.
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Abstract

In Georgia, the number of uncontrolled landfills has increased significantly in
recent years, especially in its eastern part.They mainly contain household waste,
which is distinguished by its diversity. It should be noted that these types of landfills
are mainly located in ravines on the banks of rivers, not infrequently near pastures
and settlements (especially in the regions).

It must be noted that it is often impossible to clean up their territories, and
therefore they become one of the sources of pollution. As a result, their surrounding
territories and the rivers that are located near them are polluted.

It should also be noted that this problem is particularly significant in the
conditions of Georgia. Hazardous waste often ends up in natural landfills, which can
cause a number of health problems for the population living in

the regions.That is why controlling their territories in terms of pollution
remains a very relevant problem today.

The study area is an uncontrolled landfill located in the Aragvi River Gorge,
in the village of Natakhtari, on the edge of the road, west of Chateau
Natakhtari.Household, construction, and organic waste accumulate here. The gases
released into the air, toxins leached into the soil, and pollutants in the water enter
the human body and pose a threat to it. Of particular note is the water channel that
flows through the landfill, which is just as polluted as the landfill itself. It joins the
Aragvi River and consequently pollutes it as well. There are several private fish
farms located in the Aragvi River gorge, and the risk of their pollution is high.

As part of the study, microbiological analysis of the canal water was
conducted before the landfill and then directly in the landfill area. After passing
through the landfill, the water becomes polluted.It contained large amounts of
Escherichia coli, coliform bacteria, and streptococcus, which is twice the
norm.These bacteria exist naturally in the environment, however, high
concentrations are dangerous to human health, and considering that this water ends

up in the river, the problem becomes more global.
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As part of the research, an analysis of the landfill soil was conducted, which
determined that it was contaminated with heavy metals, namely lead, manganese,
zinc, and copper.The lead content in soil samples taken from the inner territory of
the landfill was found to be 2.7 times higher than in samples taken from the baseline
point, and exceeded the maximum permissible concentration (MPC) by 2.5 times.

Similarly, the lead content in soil samples taken from the area surrounding
the landfill was found to be higher than the MPC and baseline values, namely 1.9
times and 2 times. As for the manganese content, in soil samples from both the
landfill interior and the surrounding area, its values range within the MPC values,
and the background value was exceeded by approximately 2.5 times. The contents of
cadmium, copper and zinc were found to be within the normal range.

This poses a threat to the human body. They cause various diseases, which
can even be fatal.Similar problems are known to developed countries around the
world, which in recent years have resorted to bioremediation methods to eliminate
similar problems.

Bioremediation is a complex of soil and water purification methods based
on the use of the potential

of microorganisms (bacteria and fungi), algae, and plants.The advantage of this
method is that it is based on the self-cleaning ability of living organisms and there is
no secondary waste.

Bioremediation is divided into two main areas: microbial remediation and
phytoremediation.The research used the phytoremediation method, which involves
cleaning the soil of toxic compounds with plants.Phytoremediation research has
been around the world since the 1970s. Research and experiments on this method
are underway in Germany, France, China, Japan, Russia, and other leading countries
around the world. It has the best potential for a number of reasons:

1.It has the ability to be irreversible.
2.Does not pose a risk to human health.

3.Covers a large area.
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4.1t is safe and inexpensive.

The following annual plants were selected for the phytoremediation
experiment at an uncontrolled landfill: carrot, beet, wheat, and lettuce.

They were selected according to the following principle:

1.They are herbaceous annual plants and we can get results in one year.

2.Their root system does not go deeper than 60 cm, and it is at this depth that
heavy metals accumulate.

2.5 months after they were planted in the landfill, the amounts of heavy
metals that had contaminated the soil were determined in the plants.

The results show that these plants absorb certain amounts of a particular
metal. In particular, lead and manganese were absorbed best by carrots (28.9% and
25%), while zinc was absorbed by wheat and beets (41%), and copper was absorbed
by all plants in almost equal amounts.

In the second stage of the experiment, copper sulfate and lead nitrate were
added to the soil taken from the landfill. The amounts of heavy metals were
measured in the plants sown in it.

The results look like this: carrots showed the highest absorption rate, while
beets absorbed the highest amount of lead.Based on the data obtained during the
study, mathematical and statistical characteristics were processed: data median, data
variation (range of dispersion), standard deviation, and mean absolute
deviation.These data confirmed that the experiment is justified for all landfills and

can be applied to other uncontrolled landfills.
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