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feob md@Hmddgmo, 3mewbgmol ©sdwmdol 29bgGomMo 4gads -
303935000560 3563000560505 s 3MBLYMZ(309;

5. 0mdsgol  Bgdbmermaogdo  ©s  bmgmabaolbs®obbo,
domvydo, 2017 Herob bgd@gddgho, Lgsabmdol Lobgmdgdo GmymMs
5GHIMLBYOMEO 35960l B0MOBEO0IsEHMMYO0;
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Papillosum- 956. Loggargy <9dbgds@ d9mBgmar  odbs  .05009930b
GMBLIMOEHO0M Q5GHZ0MNMO 4 vdsbo.
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DiffusionMethod - DDM) @ 5356H0b m63dmgdol ogo)bool dgomool
(agar well diffusion) 959mygbgdom. s6E0dsgd@gHomwo sd@Eor®mdol
20BMIzs gobbmdEogergds (Minimal Inhibitory Concentration -MIC)
0630306090l Bmbol  sOLYOIMB00Y/5MMLYIMdO ©s 063000MgdOL
d0b03smMo 3mb3gbEHMs300l LoOEIMS ASBLEBLZMO.

©0L39d0lL OxMBool dgomool Jgdmbggzsdo obgbgbd Muller
Hinton-ol 530006 6050530L  9mdbogdsl s LEHIOOoD30sL.
Bosogo obbdgds 39EHMol gobxbgdbg s 0bsbgds LEgMowmEMa©
2599496 g0599. dqLodsToLO dodBHIMOWWO 3MEEWHobL 0,18 omgligds
605002%7 - B0bxBDY 2980l BHgdbozol 4s9mygbgdoom.

Lobyxolb blbstol Loboo FmdIBogds bgds dxzgMHE bBLbsGTo
(1% DMSO biggmowre gsdmboow §gserdo). sbgbgb s©0bodbmero
blbsMom  FowGHMOL  Jomowol  4og0gbm3zol s FMmogligdsl
05gd@9gP0mwo Bsmglol 899333900 393G0L Bobxbadol bgwsdombyg
5 9bgMgd9b 3oMmMBY, 9999 39G@0L Bobxbgdo mMoglbgds 37°
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C 398396m5@MMsbg 24 Loosool  gobdogermdsdo  0bzgMm@oMgdmen
(500d6bgdmE) 30BoE05T0.

bBHBIOEHWwOo BEHodomGH3o (LEHMg3GHMIozobo ATCC 30-2300)
©5 083960 BLbsMO godmoygbgdms Tglododolis ©EIIIOM S
MOMHYMBO00 3MmBGHOMWS.

02500l mMIMgdol  oxwybool  dgomol  odmygbgdol
39000bg03980 Bd9dBHgMHoMo 3MWEHMOMId0 omgbgds Muller Hinton
LyX, 1.866) 52560l b0sEOYDY, HMIgEoi Hobolifst LEgMowobEgds.
509135 bgds 5306x% 6%y 4090l BHgdbozol godmygbgdom. 39@Mmol
530bx693bg b0ood0 2o09gsMgds9g 0b65Hgds LEBHIMOWMES. s45MBY
bgds 500 0599 HMOlL  mOIMgdol  go3gmgds  LAHIMOE OO
dmfymdomdol (54500L bsFMHgeol) sbdsmadom s 500¢ Lobyxol
blbo®l, MHMIgwlsg LEHBIOEGHMWwo bGHodomGH030 ©@s dYx8IOO
§o680oy9gbgb, 58539096 Mm®MIMgdTo. Fgbosdsdols oymgbgdgb 37° C
39939M0GMEbg 18  Losmol  g96853wmdsdo.  bEGH0dsJGHIM0Mwo
9%39d3H0  BOLEIIMEPS  063000Mgd0L  BMbgdOL 05993 9d0L
dobggoom.

in vitro 99g35L90s Bo@oMs 9Es3900L gobloBwgz®mo 6s3Mgdol
d0056m. 2% BH 530006 30bxsbbg as3gms 9.5, dogd@gdowero
20Bmbo - 19 dogd@gHomeo 39wENMo oBobo o obsfowrgdmem
0gdbs 8nwo0sb BobxsbBg. Bobxbol 959MMdOL oy sssgzo 10

03¢ 15330930 Md09JBHO. Bobxbgdo Moglgds MgMBMLEBHs@ETdo 18-
2400-0b 296353 mdsdo 0b3MdsGoOLIZ0L.
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530 3. 33¢930L 390092900 ©s 3sbbogngs

3.1 3mebgool sdEWMdOL 33500 1egsabmdols Labgmdgdols

LoLEYIBH03M0, 565EMI0ME - FMMBMEMAOMBGO S J3MEMZ0YOHO
3bsl0smgds
3.1.1 bgjgos Sphagnum L.

30bgmol  ©odEmdol  mabow  1isabmdosh  GHmOHKBbsMgddo
Sphagnum L. bgdzool 5 Lobgmdos 4930 3gwgdeo, qugbos: Sphagnum
austinii Sull. Sph. magellanicum Brid, Sph. palustre L, Sph. rubellum
Wilson., Sph. papilosum Lindb.

Sphagnum austinii. Sphagnum austinii (Sphagnum imbricatum)
AMOBoL §o03mdJbgero doMHOMSEO Lobgmdo, 235690l
239313900bgd0olodo 439w sby daMmabmdosmg Lysabmdo (BsFm@sdy
©5 ULbg., 2009, 3mmbgool ©s Ubg., 2019), Gmdgwos dogel
dbmgmomdo 09305000 (Jokryposckuit u T.4., 1931, Kaffke et al,
2000). 899306qd0l Jobgbo 5oLy 5M0L:  300dsGOL (33X,
096550, bobdMgd0, Logmberol dmggds, gMEGHOMRB035E0d.

Sphagnum austinii — ol 9mOBMEEROMOO  S0fgMs. F3gbsMgl
3boboomMgOL 9336030 5390 gds (09MJO0M 35BSMs Pob3EHMGdJO0
300609  Sph.papillosum-l,  bmaxgeH  obgmo  3mI3sdGHIO™MDS
oboboomgdl,  MHmI  2563BHMgdgdo  gOmIBIHL QOB IMSZL.
39839000Mds Boxroliggg®—0mdfzobm@sb dmyzomswm—ys30Lg39Msdg
b6 HodeolgggMsdg  Tghygmdl,  3md3syBMo  0bogogdol
9953960¢Mds 99Hodw—4530LR9MHT0E 30 9IEOU.
30P9M0EMdS: H0309M5© 4, Dmax IO 3 2963F™M9ds, 2 EOLEIWWG,
beeom 1-2 8900569000 Im3wg, s8390w90s.
©IOM: O0ymOE 99 bgdgoobmzgolss  ©sdsboliosmgdgwro, Jgddol
3mOEgJbol) oo Bgbs 03530  FodOOWODYIMOoS, MY
3gbobsb  Fgodgdom  (asg 3gbs  653wgds©  BOBGOWMMOS).
3MOHGH0ISWMOHO MROIJOOL 2509 39gb o3l 2-3 BmGo.
23960@™gdol  sbsBHmdos:  asbogo  gobdBHmgds 15 33 Log®dobss.
00305005  509353J0s 390w 2563BHMgdgdL (12 83). ©gGmL
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gonowgdo:  dnzwwg 1,589, 960bgdmMo  gmOIoL, 3905 o3l
3050bMMH0 YYxMHxJO0 45b30m5M9dmEo.

Lgoabmdols Lbgs LobgmdgdoLogeb gsblbgsggdom, dbmem
Sph. papillosum — s 89005 GoBmgdbol Sph. austinii-ol dbyogLo©
dmgogobydm  dmME30, doserodo, 0vdzs oL Mol dmdfjzebm—
0myogobgdm. dmME3L sHsLoSMGOL Y30, FoMGH030 BJI30MO o
36000 ©s 535J0Bo BMOWGOd0sbo gobdEHMgdgd0 (Daniels et al., 1985).
L539eg 899domdolsly BmyogMm Tgdmbggzsdo Sphagnum austinii Sull
(Sph. Imbricatum Russ), 2390bg3s  0gm0sMHOMIOILI0  MHZIEO
Sphagnum  papillosum-356 G®WWos, ©sxoJLOOYPIWWos oI MmOO
abgoglo  Lobgmdols  gobdolibzoggdgwo  60dbgdo  FogmmLgm3vmm
©mbgbg, Mol bygmAzgEbHga bgds Lobgmdgdol 0w bEozoEMds.
5dol gHo gMmo dobgHo ol sMOL, GMmI MO0Zg Lobgmds dmbsfowrgmdl
bggoabmdol 9.5, ,Bs0dgdOL” o6y bgsabmdol  auyddsmoL
960mgdbsdo. obobo sMoLm@gL 0994mxgd0sb §Ywosh FoMgdmliosb
90 ©> dM©dog 3F0OM  MobsbEBMYsMYdgOL  Jdb0sh. Gog
59690 gdL 53 MmO LobgMdol gMHTsbgmOLOYb FocRg3L.

B39MwadcMog 9gdmbggzsdo, Sphagnum austinii > Sphagnum
papillosum InOBMELMAO0MO0  3o30L90MYdGdom  F33900MO©
296Lb353980 Lobgmdgdos(ob.brye 1).

Sphagnum austinii —ob ©s S. Papillosum 9s6gdomo sbs@mdor®o
s0f9Ms.  Loggwrg  9J39E0E0YdOLLL,  Labgmdgdol  gMHMTsbgmolsh
239MB93s  JoM0MOs© bgds IMORMEMYPOMMHO  QIMZIW0IMHJIOm.
bgzsabwgdols LobgmdgdoL 9OHRMEMA0OHO B0dbgdol
QLOMZOE0IMHOS©  3094gbgdm  3sb. 099935,  SMLYdMOL
299mbs3eobo d90mbg9g39d0, Gmas Lbgo@sabbgs Lobgmds gMmdsbgml
InOHBMEME0nMo@  gadlgogLgds s om0  4oMbg3s  dgbadwgdgero
bgds sbsGHMIom®mo mogolgdegdgdom. bmaxg® Sph. Papillosum
@O BHgd3gmo@meols s  bszwgdo  figrol  JoMmdgddo
IOHBMEMP0MMo© dowosh gabasgLgds Sphagnum austiniii , oL
2003 dow0sb FoMb 50 Mo Lobgmdol gMmBsbgmoligsb ao®mbggs.
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256Lbgo39d0L ©58304L0MYdS 99lodegdge0s dbmermE
903033 MEo ©035¢09MdOLSL. 3036ml3M3Mwo
QM350gMgdOLSL 2969@mgdol RONEGOIOL 305@0bmMo
MR MJ0JOOL BOBOHOWIdO MROM 0bEIbboMGOos Sph. austinii oMY,
Sph. papillosum —8o. Sph. papillosum  ©5 Sph. asutinii 6ol
206Lb3039%s ©ox319dbgdME0s BodMOEgdOL LoTsmgls s HBMTsby.
Sph.  Austinii - ob  JwmOmzowosbo  9xGggdo  BOHM
06@9bLoGmsss IR Moo, GBodOOWJd0  NBOHM  933900M0
36505650500 LogMdoLss, bawm  Sph.papillosum-ob JermOHMBOE0sbo

MRMIVIO0 MNBOM  od FJRIOOWMBOLIS S BOBIMOIGOO 3390l
0009 3050b6M M HIL — M9BBIOLOYMI0s60s (L. 2).

o
b6, 1. Sphagnum austinii (056 3bb03) s Sphagnum papillosum @Bs6x3603) 35d00Fv9Lo.

Sphagnum  austinii 356030 25693H™qd0l  BMMWGdOL  BMEIs
®5639H0LYOO0s, 539dbol3gbh TgdmMgzowos, 539dbo 833900M5©
fodsbzomgdmmos, s39dbo 030 35308900
MRMJ0Y0 [obsBotmrgdom, M3 Sph. papillosum-L 56 go5Bbos. Sph.
papillosum 569@™mgd0ol BmmEol gm®mds J3930M0LYdIMM0s, MOl
05BoEm@o Boforo MBGOM 99b0gMos, 939Jbolggb 30HMHM3©Yds ©s
3900006930005 Bdosb §39Mmdy (L. 2.).
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by.2. 5. Sph. austinii 5603095693900l Bmommeno; d. Sph.papillosum 56030
3°693mgd0ob Bnmmeo

09, 50 M0 Lsbgmdob s6dEHMIdOL DML JOHNOOMYWS©
0030000390 Lobogbg 9065y  ©@s  ©353300©JO0  35MRO©
©53065b5300 , ®MI olobo A9BLHLZ3WYB0D 56 FsBEGHM FMOFMEIMY-
09905, 505990 BMToms(3.

b®.3. Sph.imbricatum ©os Sph.papillosum 56030 3569Hmgdol BMMEgdO.

Sphagnum magellanicum Brid. gl ULobgmdss 8093210036900
Sphagnum  Ugdgool s  dmbsffoermgdls  bggogbmdol  awgddsmol
Bodmygomodgdsdo.  3mwbgmol  bgsybmdosbo  GHMOBbIMIBdOIL
dbmwmn  0dbsmol  HMOBbsOHDY  0BOMEYds.  I3gbsMg:  dgrogho
529099 9d0U, 05050 L5305 (IORIGAN o0 bgdool
§96800500396e90056 8969000 (3580EHLom bLodowsMymos Sph.
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papillosum). 9839600 ™mds oo 350695 (Hbobobsb a3 3Mmagl fomgwo
96 35MOLEBIMHO JERIMOE. BILEOZEo: Fgoieglh MBGOM bdoMow 4,
bmyogho  dgdombggzedo 5 2obdBHmgdsl.  aobogo  4obdEmgds
B399 q0M0L5TGOM 2-05. BIMBIBO 30 ©3000gdMO obBFHMYdJOOS
29603006 9969000 3Mdgwo, MHYO s W0s G98IMHOEMBOL .

2969@Mmgdol  gmmmero:  gm®ds  gbolidsyzsmos,  9399b0L
90856000 gdom, dMEMmgdo  FgImEMY30e0s, BMmEol  Iglsdgo
Bofodo. 35030l ©adabslosmMgdgE0s BabgzModsbgzow 3mmbosbo
305@0bMMo M) MHg9d0.

LG, 4. Sph.magelanicum—ob 956030 395633HMmgd0b Bmommeo
(Bobg3650d5b30(37Mb0sBO 30swoby®mo YWxMHyIdO)

oo 00  bobgmdobmgol  sdsboloomgdgaos  bbGo
3odOOWOHYOIMO, 56 odMHOEGdOL goMgdg 3nOEHIJbo. 3mMEgJuol
0omM  MXOHI©0 9903538 momm  gmeL.  gowobo®o  dmdo
05b5960LEYM—-go30L839M0 96 IgFodEobggMos.

35003)5¢0: Lobgmds BoMMNMPOs FIIMEIWIOIO MEOZMEOMBLIE
AOHRBsOYOTO. LM 3053050 J86056 Sph.papillosum ob
Sph.capillifolium bsgooBols Loboo 96 Jdbols doerodgdl 4ddsmNdDY.
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Lobgmds Ma®m dg@s© BYBLOEHOYH0s MYBs7HOLS O JodMbIdME30l
30056 3000609, Sph.papillosum.
Sph. capillifolium (Ehrh.) Hedw. var rubellum Wilson.
bgoabmdol gl Lobgmds Sphagnum austionii ©> Sphagnum
papillosum-msb6 gOHms© Jabol 8F0MmM MobsboBMysMmadIdL o
9mb5Homgdl 2ddsmol Bodmyserodgdsdo.

Sph.  capillifolium obgwo  s©bogmdolss,  Lodsmryg o
30035dBHMOHMds  39MH0MIGOL  VOMGHMOO  BodGHmMgdol  dobgzom,
3902500 396300000900 330G FgBIMHOoWos Moo 3)3569© b6
b3l Homgwo, FoMmg bmergdo. Bsbigogwo: dygds Logzdom
I0gMs© 39630050900 EOIMORMO #sbdFBHMmgdoLAD, gsbogo
39683H™mgds 2-05 900969000 8M3Egs s YYRO® Jg@sss 9x9MHoo,
300000 ©59390wo  4568BHMGdYd0. ©gMHM:  ssbermgdom 0,700
©0539BHMOLsS, F9agds 3-4 M0oLYsD, 305w0bMGmO WRMHgIdo SO
39033536 BMOIOL, 3900 39630050 9do 30wob®mo 9539000
005 fomgwo Bmwgdoo.

29683 ™gdoL GmmmEo: gmMds wsbEgEHoLgdMmos, 30O
©IOHML  BEoOMEo  MRGm  30iOHM s aMdgwos 30MY, bogo
23968@™mgdolb  gmmmeo.  3o0swobmmo  MxGmgEgdo  dwoghd
BodOOWNMHos  Bmmwol By  BobgzeMdo, 30067 BB
bsfoewdo (bm®.5).
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b96.5. Sphagnum capillifolium- obs gob3EHmgodol o) 539JLo o d)
BOOOO

Sph. capillifollium gs6&OME 39303900 Godumbos, 33b3wgds
50 Lobgmdol 395396H0MdOLS Qo 9OHBMMY0MO0
0530L9091M90gd0L 356M05(30900.
939bot: 3930@NMs 560l ddGHYgwo, Injo  Hoomgwosb
Jmbgg®edEg 3900MgdL dolo JgRIOHOw™Mds. Bsbogzwo: olbobo
©YODY 56 5MHOL F0EMME FoXOHOWO. VIOHML BMMMEO: MGHIom
®0mJdol FsMM3NDHbss, sHoLOsMIOL LLBHO BGodGOWIS(309, 33b3NdS
30dOOWOLASMINGS. 3568@mgdol RQOOMEOO: 05LM>©
(Ho05b300gdw0) dosdmbo@rmwo s3gdloo.

Jombgogo  0dobs Mmd, 53 Lobgmdsl  sboboosomgdl
39539M0MdoLs s 3500FEHLOL OEO 3560530900, Bobo FodmMPBI3s
Loggarg  Bodmdsmgdolol omos@  990dwgds, F9xugMHOEMdOm  ©
2393039 GOOL SGMYoO.

Sphagnum palustre L.

Sphagnum  palustre 3mebgmdo ®mIDOOEGHOMGME  4sM9dmdo
0bMHEYds, 85806 GrmEs Y39waeb Lbgogsb ol dobgdmEmmamwo
239093mbLmZ0Lsd adsbobosmgdgewro (Daniels et al., 1985, Krebs et al,,
2007).

19



Sphagnum paluste 56 9mbs{ogmdl 3v9ddsmol hsdmysodgdsdo s
020  BHMOB6sOOL  dBIOHE  Bmbsdo, 296s30ML, Bow®Ts39d9d0,

§9eob Bgs300Hmb SHEMLsS gogz™EgEwgdwIEo.

93396569: 33360030 5290 gd0l, B3gMwgdMog ®os  df3sbg b
9430009 0-00my530LRBOHM, MRO® 93580M 9983960 mdob
3930@dom.  dobo  Fgxnghowmds  dghygmdl  Yogobgghoab
BoolggM-35Mm@OLBYMsd©Y, FogMsd sMLEOMML  foomgwo. Bmyxg®
dogero  9ggbotg  9G39695  (Bogergdo  aobosmgdol  30MmMdgdT0),
3930@vgdo o6 5MmOL bb3s339M0© FJR9IMHOWOo. Bobiolwro: Logzdom
©50mMHgdMo,  0mMdgd  IMe35wasbIBHMgdosbo,  oImORWMwo
3968BHmgds  3-6, bmem, qsbogo  2sbdFHMgds  2-3, ©sd39dwo
239683™mgds 1-4 89909000 005 G9539MHO0WMBOLSS s MBOHM MbIE0s,
3000609 256030 4568@Mgd9d0. gHm: Lgdzoobmzol GHod0mmo VgHm,
3909 3MOGH0350MH0 MROHIOIOL 5J3L L3OO MEOHO BOBGOWIdO ©S
2-5 gsmom gmM9gd0. JoEs 30wob®o dmdo 4sgobggmMos.

29683 mgds: 15-25 99 LogMdol, dobo GmmEgdol boyMdg IgMygmdl
1,5- 3 99  93gbstol 2530390900l  Asbomgdol  mog0LgdMgdol
d9Lodod0LOE. M3 MBROM Bs3wgd0 Fobomgdol 30MHMdGdTos F(3gbstY,
do» ©0O  33563FMIBOL  FmmMEro  sbslosmgdl  (383). RGOS
3030960 J3930M0LgdGmO. 30seobMmo  MxOIYdo: Tomo Bmds
(33905,  353M0  bbgs  Lobgmdols  30sewobn® Mg gdmsb
39005603000 3sbogMos (20-30 dogHmdg@®o) (bvy®.6).

35003o@0: g Lobgmds  @OMME  9MHOL 2930 EIYOEO
09BmGOHMBY GMOR65MYdT0, Bowsro 0553056Mmd0L 3oMH™dIdT0. gls
JOM-9Om0  Lobgmdsy,  MMIgrog  BOOW™MB  BHMEgMIBE0s.
3Mbgomol  odmdby gl Lobgmds a3b3wgds momJdol  yzgwos
AMOB65GT0 (30, MMM, 0865m0, 013560 1 s 0L3sbo 2),

56 5O 35303909390 6505L LGoEbMT0sb BHMOFBbIODY.
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b964.6. Sph.palustre-ls 5) 356030 4569@MgdoL 3MEgduo s BmMEOl
9boG™MI00s; ) BMool Jodogmgds

3.1.2 bgggos Cuspidata
Sphagnum cuspidatum Fhrh.ex Hoffm.

9396569: 00O LS M BMToLss, Z9MOMGIL o0
30335J3HMM0  BMToEsd BT  BmMIsdEY.  FoMmdmoagbgb
0530bBo© I3MMe3 Yol gm®IGOL. Fgx39MoEwmds IgMYgmdl
9943005 m-0mf356m©ob  BoMobxolbg®msdyg, TogMod  sMmLEOML
33b3905 fomgwo ggMol. Rsb303wo: J9ygds 4-5, 0d30sms© 3,
9mbMmIMNORMO 439MHPOMO 2563FHMIdOLYSD. Wghm: 3mMGHgjbo 2-3
3605600, bYW 3900560 X MJ0JO0m,
6530 g05000539M9b30M90wo.  gobdBHmgdol  gmmmo:  g3ofmm
@bEgEHOLYPMMO BMOWYOO  sboboomMgdL  gobog 2963 BHMYdL,
bmyogho  9g0mbgazsdo  ©o300JPMo  2obdBHMgdol  BmmmMEo
M35M0s.  300obmmo  xGagdo:  30fiOm,  dwogMo©
RBodOOWNMO, 9©oJboogn  Bafogwdo  Gsdmgbody (1-3) gmGom
Lw6.7).

30003 0@0: §Y0sbo, MmEoam@GOHMBwo a5Mgdm. Izmeeg 96
dgfmboen  amBsgmdsdos  fyoedo. 030 253039090
®IdOGHOMB 24099d5mBY o6 05935 33960L @o3ob

21



AMORBsHT0.0bm30s30s  Jdbol  Sph.recurvum  @m@ds  fallax o6
Sph.papillosum- 6.

3bgmol sdEmdoL Lgsabmdosbo GHmMEbsMmgdOL dmggemwe
Bmbodo sOLYRdWWO ©os Fymadol 30g9dbg bdoms dg3bzgdom
Sph.cuspidatum- b 39HdmE 30 0L3sbo 2-0l, FMMosbs s 0dbsmdo,
H™Igog SbmEosEosl Jobol Sph.fallax- msb.

U Lobgmdsg 9093036905 bydigos Cuspidata-b. 93gbstg: Lodmownm
bmdol 33569 d™a30L839M-yo30L839M0, 0DBMOIDdS bogroholigdEo.
0596OHMdomo bdglol 33ggbstgh dvydo FgBIMOMBOL 330G ©S
2396030  060@FMgdgd0  sboLSMYOL.  3930G s B3I gdOLETYOM,
Bobg3o0LBIOME - 30ML3IZE030LgdM0s. 2oBTBHMIOOL  FGmmEgdo:
03390005  253mbsGycmo  Lfjmmbsbmgebo  gm®dobss. gsbogo
239693Hmads o 30O 2oBIFBHMGdS 8339Mo©  A9BLb3s30 B
9O®B5Bgm0LRG.  ©930YOMO  FBTGHMIds ©os  FIBIMOLMBOLSS
(09M0) s BEOEYd0 0l FOXMOEO, HMI VIOM JSWIBIMHIE0S
5 3M0L MM AMHIG0 30O 396030 2568EHMgds. VIOML BMMMEO
d9@b3wgdo© BHEM0BYMWGMos. 563FMIOIOL Bmommeo Mo
306039070, 5bslosMIOL MOl IO Y335, IHII3o.

bw®.7. Sph. cuspidatum Fhrh.ex Hoffm Hoffm. 5) 456030 g063&mgdol
BFOOMEO QS B) 3050bMEHO MxMIIdO
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Sphagnum fallax

3500@3530:  doM0mO©I© b Lobgmds 23b3gds  GMORBMYOOL
390006090000  Fomowo  fiywol ©mbol  3oMHMdgddo. dood  ImGob
693H®096¢ 70000 ©WoM0d goMmgdmdos s oo §gwol 306HMmdgddo,
OHmamO3 Sph.cuspidatum. 3mbgomol ©OdEMdHY oL
393039IWGOME0d FM0S, 08bsm0, 0135602-0 FHMOHRbMYdTo s Sph.
fallax-096 Jobol sLimEosEosb.

3.1.3 bgdsos Subsecunda
Sphagnum denticulatum Brid.

939bs6g:  LodMowm  Lodswol, dbbgowo  gmEmIobss, 3969
39539M0mdol,  mMdze 93m3sd0  a3bggds  dmyzomonm-
dmgogzobyzmm, L3owgbdobxygmo fFomgwo Fg8IN3sE.  JOSOGHMWS
0mIMHY35¢90E09, 996030 2969 Mmgdgd0 3930¢ ol 3gb
39000090000  OEOs 5  b3gMEo.  3vx3LbvEgdo  bdoGos.
239683HMmgdsBy BMmMwgdo F0OHMES FOXOOWO S FOWIRIMI3L
©9OH@L. 25693Mgdol BMmMMEo OO s 4560gM0os s obLbgds
dbmmE 539Jbob boffoerdo. BsL303w0: 3-4 4568FMgdOLYD Tgaqds,
09-5 39U 0PIWNMO Q56T BHMGdsS.

350039@0: 69EHM096¢9d00 VsG0d0, FoLowo 8539 30MMdJOOL
GMORbMg0d0, ©s Fowowo #H9b0sbmdol saowgddo. 3mebgmol
©dEMdbY ol 2936 (391 9dME0s FM@M00L, 0365000, 013560 2 s 1-0b
GMO8bs6H7dT0.

32bg00L ©sdEMdOL Sphagnum—ol Lsbgmdgdol fomgwo brylbol
BBodmbgdo
TUCN 8096 2019 ol 298md39969dme  9360m30L d6MH0omz0@gdol
Pomgw blbsdo Im@sbowros bogligdol, Gsm dmMob 43500 Sphagnum-—
ol Labgmdgdol  LEHoGLgdo. 38  bool  msbsbdo  3mewbgmols
Q©odMdBY 493039 gdo  bgsabmdol 7 Lobgmdol  LEs@GwLo
d99gabsoMos:
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e  Sphagnum austinii  NT

e Sphagnum capillifolium LC

e Sphagnum cuspidatum LC

e Sphagnum fallax LC

e Sphagnum palustre LC

e  Sphagnum papillosum LC

e Sphagnum rubellum LC

Los LC ( least Concern 93069 8908300900, Logg®obg) s NT (

Near Threatened - sbarmbos 905990900 Log®mby)  o0ol TUCN
foogwo bmbolb 3539am®0900, bmwm 3nmbgmdo §o3M(39wgdvEwo
©BoMBgbo Mo Lobgmds Sphagnum denticulatum > Sphagnum
magelanicum 56 560l 99@sbogro g3hm3ol fomge Bylbsdo.

3.2. 930¢ma07M0 Isboliosmgdegdols Fglifsgems

30bgool  HMORsMHIO0L  93MEMPOMMo  JobslsomYdEgdoL
d9LHogerol dobBboom  Fglfogerowo odbs 3mebgmol Lgsabydosbo
GMORBsHJOOL [yeolb 05903006Mmds S gErgBOHMYTBHMMBM0sbMdS.
MHobmgolbol  3ddmygbgdwo  odbs  bgabofiym:  (EC  -Electric
conductivity).

0865000L  BMORBsODY  3oosliBHmdol Aoob  Aoobabgo
3M830096 300 3-80 {geol 8553056m0d0L Fgbfiogarsd sh39bs, M™I
AMOBbsO3o fyol Bbgs xgbgddo pH 0ghygmdl 4.0-5.5 FmcMob.
2350Bm3s  8bg3g  9gIBAHOMASTBHIMOMDIOODMDS (EC  -Electric
conductivity) 70-100 bd LoE®IYbg IgHygmdlL 40- 70 pS dmEob. mGHo3z9
®IBDOMEHOHMBME0 o0H9dmb FoB39b009w0s . gobolsbmgMs sbgzg C/N
399339000l Mbg. GHmOxbsmdo, 10 bd LowMmdgbg ol Ighygmdl 9.8-
51.6  QmGol, GmIgwos  GHMORBsMOL  AgHbmGHOMBME  ©s
MEoMGHOHMAME  3509dmBy  393HY39wgdl. 036smol  BHMORBsMBY
L3oabmdol 990ga0 Lobgmdgdo bo®mdl: Sphagnum palustre, Sph.
rubellum, Sph. magellanicum, Sph. austinii, Sph. Papillosum.
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3M0amgmol GmOHB6sM0. 1Esa69dol Lobgmdgdosb agbgwgds:
Sphagnum palustre , Sph. papilosum. 560L5%0365 @GmORBsGoL pH
Hmdgeog dghyggmdl  4.26 — 5.65 Jmeob s GHMOHRBbsOOL [yocdo
§9eol 9e9dGHOHMY8GMbsM0sBMds (EC) 896ygmdl 22 — 134 uS Lo L.

3.3. 3mmbgmol EsdEMBOL 39MH3MEsEoMmo Godol GmMmBBMol
1g3526w9d0l Lsbgmdgdol Jodormemo dggbomdols gsBlsbOgMs
23960LoBE3Ms  mxywomdo  bozowwmo,  bgwbagdgwo,
90d@GMMo, 3903MmWo30Mo Go3dol GHMOHxbsmol, obdsbo 2- ol
Loabmdol 5  Lobgmdol  Sphagnum  palustre, Sph. papillosum,
Sph.capiliifolium,  Sph.  austinii, Sph. cuspidatum  JodovMo
d90029b00Mds. Lobgmdgddo 00MEMYOMESQ 3JBHommo
603m0gMgdgd0l 903339 mdOl  goblabegMs  dmbs  obBMMo
JOMToBHey®mogool  3sdmyqbgdom  (GC-MS/MS).  s©0dmBbos, ®md
bgsabmdo  goEogl  dOMEWMYPOMES©  9JGOM  Bogm0ogMgdgdL,
OMAMO0E:  JuAHIOIO0 - 3oedoGobol 37935, Mmegobols 05030,
Bobdomfiymgdo - 4u3ngM@bmBs,  MHOdMAMEOBMDs o
3396mEHo BogMogdo.
330930 350oMm3mgod Sphagnum L. 5 Lobgmdoty : Sph.palustre,
Sph.  Papillosum, Sph.rubelum, Sph.imbricatum, Sph.cuspidatum.
999096, gBo—gOhmo  Sph. austinii 560b AbmGEomdo 0330m0, 3o9M0ol
3939394056900l B0do  LgbboGow®mo  Lobgmds (Allard, 2017),
MHmdgwoi  890mag0bsbs  bgarbengdgeeds, 39MH3MEs30w®mIs
AOORbsOTs - 0b3sbo  2-8s. Fomo  JodowGo  Fgygbowmdols
239BLsBEZgMs o 3MBLYMZ5305Bg BONMB3s TgBHow 6033w 9bmgsbos
Lobgmdgdol d9bs@Bbgdolmgol.
bo33eg3o  ™mdogd@Jodo  ©ogsdbogo 2016 farob
09090350, doboems 53009 3Mebgmols QOO MdOL
3963530MO0  Hodol GHMOBBsGMOL — ob3sbo 2-ol Lbgsslibgs
Bmbob (mddsmoEsb o dMBIOHMO). bozgergzo dsbogws 24
LosmOl  2obdogwmdsdo  03YymEBIIMES  MmMaboL  FHgddgMGMMsDY,
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0900092 250m3536M9m Termo scientific 30-70°C, 58m3dGogro
b3sb9do 359305390, 2 aMsdo dmgsmaglgm  3MbEH0bg®do o
53585390 dgmsbmaero. 30b3G9gobghgdo 9m35m53Lgo
MOGHOVPIO0D 5056500 (mrc) 30 or-ob gobdsgwmdsdo 35°C
3993965¢65%9. 9dbEHGogiool 8999y Imzsbobgm Mgadu@Bmagsos.
090096mosbo  gduB®agd@gool  sbogrobolomgol  godmgoyabgom
AgilentTechnologies 7000 GC/MS/MS Triple Quad. 0bg9d&HmmL
069gdgoom dogfimmgds 183w gdbGOsddo ©d  @dgwdo bgeryds
250°C-sb - 310°C 9g, Mool gosd@sbo soMo - 3gwowydo.
doewo TX-1701 (60 m x 0.25 mm). dogrdo 0mbgdol 89353900l O™
5930009005 3ol GoHo3Me M30LgdsDY. FolmdMoz0 13gJGHMOL
3903w gbol  sLEGWWgdol 9909y,  Omgsbobgm  dsboerols
96535 dbM030 ©FTo39ds.

B306L BogM Fgbfageoe bggsgbmdol 5 Lobgmdsedo (Sphagnum
austinii Sull. (Sphagnum imbricatum ssp. Austinii), Sph. papilosum
Lindb., Sph. palustre L., Sph.cuspidatum Ehrh.ex Hoffm., Sph. rubellum
Wilson.) gobw®o Jomds@my®onoom - Agilent Technologies 7000
GC/MS/MS Triple Quad 950m3¢0b@s 16 d0m@mao©o@ dGovdo
Bogmoghgds. dgbfogeroer Mmd0gdBHgddo sxzgodloMmEs gsdmgwrgbo
603009678505 13gJBHMOL PZOLMBGOZ0 ASBLBZ39ds (0b.EOYMTo1).
JuBgMo  Cis-9- Octadecenoil Acid — megobols 95935, 893939008 O™
12,53 s Cis-9-Palmitoleic Acid—3s¢0d0@0obol 95935, 89353900L O™
11,67 (ob.gbMowol, ©@osa®sds 3) s 939, Dimethyl 1.4-
cyclohexanedicorboxylate, 993539006 ®m 10,32  9s9m3obos
byomogg Labgmdsdo (ob. gbGoero 1).

abmmydo  bsghomo -  Methyl  4-O-benzyl-beta-D-
xylopiranoside sg30dboMs Ibmemo N4 60dwddo, 993539006 MM
11,16 (ob. gbMowo 1 s ©osaMsds 2). bmerm, dmwmbsds®oo 1,2-
Benzenedicarboxylic acid 59mg3eobos bmmogg bodwmddo 89353900L
©OHm 9,5 (ob. ©o0syMsds 1 s 4).  3mrobsdotoo Alpha-D-
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glucopyranoside 993539006 ©@Mm 14,36  godmgwobs bmomogy
Lobgmdsdo (0b.osyMsds 4).

moss , 09-Feb-2016 + 21:37:14
sphagnum5-TMS Scan El+
100- 14.46 Tic
211
e 15.93 &8
.67 1252
% 14.35 16,14
8.32 10.31 R .
675 ;1 9.49 1115 |20 ) B bl vt 1871 2206 2289
ot T T T T T T T T
sphagnum4-TMS Scan El+
14.46 TIC
100 15.93 2.62e8
%] 1.67 1253 1616
. 14.36| 14.74 /
6.76 83 g5 0% 4146 FEXTIN 4 1871
0 b e T e e T e e T T e T T T T
sphagnum3-TMS Scan El+
100+ 1167 1253 14.46 TIC
1033 1593 1.35¢8
% 8.33 10.27
6.76 }11}60 950 107 7 o 1871 207 2.9
[ e e e o L R L B L B LR B L B BN BLEL LR LR T
sphagnum2-TMS Scan El+
14.46 TIC
1004
1167 1253 1503 1.91e8
% 10.32 }2.64
] 6.49 14.36
Vi 9.99 833 9.1\8 9.50 11'5§ }181 1390 4% 15,6{ 16.43 1871 20
o - T
sphagnum1-TMS Scan E+
12.53 TIC
100+ 14.45 1.76e8
}z.e3 15.93
%
1435
BT6TIL g3 918950 N I 1871 207 29
0 e ——T T T T T T T T Time
6.88 8.88 10.88 12.88 14.88 16.88 18.88 20.88 22.88

©053®385 1. Sphagnum L. ( 608990 Sphagnum 1 9ggLods990s
Sph.rubelum-b, sphagnum 2 — Sph. papillosum-b, sphagnum 3 —
Sph.palustre-U, sphagnum 4 — Sph.cuspidatum-U 5 sphagnum 5 -
Sph.imbricatum-U)bsgbob 35BMM0 JOMIsGMPMx5000 (GC-MS/MS)
399m3wgb0o 60300090 gdsms L3gIBHM0. OsRMT>bY Im(39899w0
BOBOIO0 s©FgML B0 1 Bsdmmzwowo 6ogmogmgdgdol
389353900L GOHMU.
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gbowo 1

235B99M0 JOMBoEMpM 553000 (GC-MS/MS) Lgsgbrdol Lobgmdgddo
3593w gboo doMEMYONMSE 59E0MH0 Bogm0gMgdqdo

89353900 o800 abisbgegds bagBoem 00930937
OO0 sbsbgergds 60 fobo
1 8,32 Malic acid 35800l 0535 134,08744
2 9,5 1,2- BGHSWOL 97535 166.13084
Benzenedicarboxylic
acid
3 10,32 Dimethyl 1.4- 800M06 200,23
cyclohexanedicorboxyl
ate
4 10,53 Glucofuranosa BWIINRNEO6 220.21974
0%bs
5 10.62 Myristic acid 3IO5093560 228.37
b 37935
6 10.88 D-xylose bob dogdscro 150.1299
11.16 Methyl 4-O-benzyl- HodMEBMO6M 254.27
7 beta-D-xylopiranoside s
8 11,24 Ascorbic Acid Vit-C 176.12412
9 11.67 Cis-9-Palmitoleic Acid 3sedo@obols 326
05935
10 12,53 Cis-9- Octadecenoil mEngol 87535 282,46136
Acid
11 13,93 3-O-Alpha-D- BYOBMDS 342,29648
glucopyranosyl-D-
fructose
12 14,0 Arabinose 56006 150,1299
13 14,23 Glycerol-3-palmitate 9mbm3sedod) 330,50262
obol 35535
14 14,36 Alpha-D- 330306056 918
glucopyranoside b
15 14.35 Ribitol GH0dOGHMWO 152,14578
16 16.55 1-(4-Methyl-6- 425
methoxy-2-quinolyl)1'-
phenyl-3,3'-dimethyl-
(4,5'-bipyrazol)-5-ol
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Crmainlib> I\/Iethyl Z_Oo-ben=yl-a-D>ylopyranoside

Name: Methyl 2-O-benzyl-4-D-xylopyranoside
Formula: C13H1805

361
100
73
100
‘o N
—g-
VTN | s
o \/\’\ —g9— o7\
— o o/
/ SN
_ ~s_ /
/R o o o,/
117 73 o SN
iy /
—
- 311 504 /9'\ O\S/\o\/s\
129
50 /
217
145
147
103 271 437
129 169
243 319
194
236 L L X
o Fl i d l b kb | i :
ol 267 R 70 140 210 280 350 420
50 100 150 200 250 300 (mainlib) a-D-Glucopyranoside, 1,3,4,6-tetrakis-O-(trinm

(mainlib) Palmitelaidic acid, timethylsilyl ester

0530535 2. 5bM0 JHMTsBMyMogoom (GC-MS/MS) Sphagnum cuspidatum
3°0m3wgboeo Methyl 2-O-benzyl-a-D-xylopyranoside ggbme®o bog@mo.
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0530 3.4. 13536mob BMYOYMHO LbgMdOL 6E0dsIEJMHOrIEo
9mgdggdol dglifsgars

93D gdMo M009JGH9ool 3bGH0dsgGH Moo
5dBHogmdol  33ag3s  PoGHOm®S  30MmMP0  9E0szel  Labgwmdol

05dBH9O0MmRBSRo0L,  F03MMIOMEMAO0Ls  ©@d  30OHMLMEOMAO0L
obb@o@nm@do. 3b6¢005JGH9gMomeo 9%39JGoL d9535b9d
396bmO 309w bEGHBIOEHODBYOMOo 3HMEGHMIMOL bsdMswgdom
03900l oxgmBool dgommeobs (Disc DiffusionMethod - DDM) s
23560l mGIMgdol  ogmbBool Igmmeol (agar well diffusion)
2450mygbgdom. 2b6G0dsgB Moo 29BH0HMOOL 29bm™agzs
2306bmO30ggds  (Minimal  Inhibitory = Concentration -MIC)
06300069008 BMbOL  sLYIMDOM/5GMLYdMBdO® S 0b30dOoMGdOL
dobodsgm®o 3mb39b@®o3o0l boogms 2496LsBEgMHom.
36&H03030MMdM o 29BH0HMO0L
0630@®Mgx5L905B 53 M8(3H2d9d0LgbLsBLZH0bs3MHgdOLI0TG
39993 3MGHMOHYdbY: Klebsiella spp, E-coli, Pseudomonas
aeruginosa, Streptococcus spp, Enterococcus spp, Shigella spp, Salmonella
spp, Enterobacter spp, Proteus spp, Staphylococcus aureus. 2% BH
9929M0L  gobxsbbg go3gm®s 9.5. d3JBHIMoMo asbmbo - 10w
05dBH9M0ME0 FMNWAEHMMS OG0 s dobsfogdme 0dbs dow0sb
30bxo6%Y. Bobxbol  odMmdol 9909y  ©s30GHbgm 10 I3
15330930 MB09JAHO. Bobxbgd0 Fmmogls MgHIMLEGTo 18-24L0-
ol 356053 ™d5800637905300Lm300.

3630059GHgMm 0o 54EH03Mmds

2399mygbgdmmo  dogdBHg®omwo  9@s9gdol  Bsdmbsmgzgoo
9MIBMBdEMdOL 8900939800 dm399eos N1 sbGogdo.
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sbMowo 2

1.Sphagnum papilosum $3960

2. Sphagnum palustre $3960

3. Sphagnum rubellum 302¢0bogoMm0EYdO
4. Sphagnum rubellum $3960

5. Sphagnum palustre 3020obogdoM0©gdo

6. Sphagnum papilosum 302¢0bogdoM0Egdo

7. Sphagnum papilosum §9w0560 9dbBMogdBHo
8.Sphagnum imbricatum §9w0560 gJbB®odEHo

gbMowo 3

96300543900 dmgdgwgdol dglfsgerol 8gwgagdo

d@sdo 1533930 60330l N
1 3 5 |6 |7 8

Streptococcus pyogenes 2+

Escherichia coli 1+

Enterobacter cloacae 1+

Salmonella typhimurium 4+

Klebsiella pneumoniae

Proteus vulgaris 4+

Shigella flexneri 4+ 4+

Enterococcus faecalis

Staphylococcus aureus 4+

Pseudomonas aeruginosa
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Bo@Botndmo  33¢093900L  mobobdo  Lgoabmdol  (Sphagnum
rubellum Sph, austinii ©s Sph. papilosum) sb®obg3EHo3Mmo
30099900  29630HMBdFdMos  3gd@obol  Abyogbo  3merodgMHyeEro
6033096 gd0m - bLRsabsbom (gbGHowo N1, 60dmdo N3 s N6).

15330930 MB0YIAHIO0ED  Lo3domE  FosMomm  L3gdBHOoL s
00853000MWO© 359MbOEGHN0 BogEIM03E0©MEo dmddggds goskbos
Sphagnum papilosum-ob §yeo0sb gduEmedU.

3b6GH0dsgd@gMome dmddggdsbyg dgbfogwrol d9w9agdo  Bosmgl
bool  bgogbmdolb  Lsdgogobm  3Med@ozsdo  godmygbgdol
396L399EGH035L.

3.5 35960l ddodg dg¢segdom ©sFMFYos6gd0lL syBHomo
9mboBmMobyo 3omobmozs@Emeol -,lgsabmdol Bsbmol*
a93mygabgdom
3.5.1 ,bgopa6w9ol Bsbmgdom* J. d509dols 5GIMbRYHHE 359680
9dodg dg@Boegdol 899(339¢™dolL dmbo@mmobyo
3.5.2. 4.35001990L domdmbodmmobyols 33emggol dgwoae

2016 ol 2 6mgddgel Hobslfo® dgmPgmen mmb bo3gargy Mdsbby
©59MmbFogs ,LReabmdol hobogdo“s 17 bmgddg®l  Bsdmoblbo,
dgoxmoms s Imdbos b0dwdgdo 990ymdo WodMMsEHMMOEo
330g30Lm30L. mmbogg Bbob  s0gdMe Bodwmdgdbg BoGoMs
3GHMING sELMEOO30ME0 330935 36 8dodg TgBowby, Bodwmdgddo
2399mgwobs bbgoslbgs 9dodg dg@Eowgdol b3gddHMo, “gdbols s
Lgbmbol Jobggom.

3.5.2.1 2016 fiewols 9g3mea,mdol 33emg30L d90a0

330930l 9900930  3o8m3wo0bs, MmI  bmgddMol 03980
30M3Mm0l JMBsBg sdMmbEegde Lgsabmdol Bsbmol bodxdo oM
9903035 99009y 8 ddodg dg@owl: As, Sr, Mo, Sn, Sb, Ba, Ta, Pt.
bowe 9 gwgdgbBo obgmo 3goMhg GomEgbmdomss, Gmd dobo %
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053969090 beols BHeeos. Fomowro 899(339wmds ©0JLOMES
39900930 dg@Eowgdol : Mg, Al, Si, P, S, K, Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn,
Zr, Ag, Pb. 9B 50060dbml Hm3 a590mb 93mbmdozmmo 3mdobool
8096 ©abdbywgd 3 yg3gwsby  H™Juozn®  gwydgbdowsb
©05530JL0MES LogmEoEgdMm 3:mb6396@MsE0s 6odmddo — 350domdo(
Cd ) 2.33 (833/9ev), 3963berolfigsero (Hg) 6.64 (83y/dw) o ¢y30s
Pb 8.25398 (933/0w), Bomoo Gmgbogwmmdoms s 39bEgemygbmemo
®30L9090000 bslosmgds Jodmdo (Cr) (Tchounwou et al, 2001),
H0Iol doh39b9dwo 6008330 1.7324 (33/0¢). Fgo6gd0Lsm30L
31939 I 3990 bs3gegzo ddodg dg@owgdolL sbseoBol Ggwgagd0
Lg3oaBmdol BsbmOL Lafiyol bgwgmwdo - Sph. Papillosum Lindb. -
do.

gbMoo N4
3Mmameob JmPsby aobmsgligdmmo ,gsabmdol Bsbogdol® s
Sphagnum Papillosum Lindb. 565¢00%ob 390900 (2016 femols

6mgddg®0)
093963900l 609m3ols slisbgeErgds
3ldbgErgds
Sph. 830600l Bsbors®, 20.11.16
Papillosum
Lindb.
Bo3oo 150 (pA)
9w9dgbBo %-do 0639bLogmds %-do
(83y/9)
Mg 0.09123 12.15 1.31012
Al 0.09865 25.05 1.016039
Si 3.33335 386.15 6.49371
0.13564 45.02 0.21922
1.02054 114.61 1.57203
2.90243 549.83129 4.50258
Ca 451141 861.75 6.85041
Ti 0.01895 8.28889 0.020534
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\Y - 0.59966 -

Cr 0.00014 1.7324 0.0115
Mn 0.16346 25.49034 0.5285
Fe 2.15161 469.32176 2.87001
Co - 2.13394 -

Ni 0.00532 2.07586 0.00661
Cu 0.02512 21.40651 0.0261
Zn 0.13027 72.42371 0.25331
As - - -

Zr 0.01038 24.32611 0.01432
Sr - - -

Nb - 1.04094 -

Mo - - -

Ag - 2.99841 -

cd - 2.33 -

Sn 6.48 -

Sb - - -

w - 2.68817 -

Au - 1.21736 -

Pb 0.00011 11.51203 0.02334
Ba - 0.48 -

Hf - - -

Ta - - -

Hg - 6.64 -

Bi - 0.01 -

Th - 1.19 -

u - 2.81 -

Pt - - -

309 9d9gMHO0doL J9h0L 50gdMo LGsabmdol Bsbomgdols
3GHMIME  SdOLMMIEFOMEO 33¢g30LoL dMBbEs, MMI dgbfaguroo
0d0dg d9Horgdol b3gJGHM0sb 17 56 gsdmgangbogs, Fsm ImMol
5oL 85000 BHMJLOZMOMdom godmemBgmwmo Cd s Hg. omdgo,
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3™l Jhsliosh FgeMgdom of osxodboMos Pb (10.46483
033/0c) s Cr (2.98128 933/0¢) w3t Jowswro d993339emds (ob.
3b®owo N5 s ©0sgMsds N5). Boge sdwbgodol dwhs asdmombggs
0500l MWosbo  gbmdgdom,  93GMEGHMBLIMOEHOL  Fswswo
39053wMdom,  396BHOEIE00L o  Bsh39bgdeom  Mos(s
3065306Mds 53 0630 BHYz300Ls s JOHMIoL bodmddo 539990 YdS
39005690007 Jo@owo 3mb3gbGHMsgoom.

gb®ogro N5

HOg 5dMlgModol JmBsbyg sbmsgligdyero ,bgsgabwmdols Baborgdol®
3bsenoBol ggagdo (2016 ferols 6egddgHo)

093963900l 0. 5dligHodols J. 20.11.16
3LIbYErgds

630000 150 (pA)

9999630 0639blogmds (933/0ew) | %-do
Mg 7.58273 0.80389
Al 24.51883 1.13473
Si 383.8782 6.47472
P 20.39734 0.07101
S 76.88768 1.0389
K 112.41237 0.90152
Ca 1145.70245 9.85005
Ti 10.44676 0.2703
\ 1.30535 -

Cr 2.98128 0.02494
Mn 27.72905 0.54338
Fe 627.96027 3.78859
Co 4.15372 -

Ni 5.13411 0.04135
Cu 24.5052 0.05078
Zn 128.35247 0.52758
As - -

Zr 25.76621 0.01528
Sr - -

Nb 3.32539 -
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Mo - -
Ag 25.695 0.06662
cd 3 -
Sn 1.66 -
Sb 0.39 -
w 2.39621 -
Au 1.41265 -
Pb 10.46483 0.01926
Ba 0.25 -
Hf 2.18864 -
Ta - -
Hg 3.71 -
Bi 0.07 -
Th 0.54 -
u 0.84 -
Pt - -

5056 Jgxol  2s0bodBy  IdMbEFIgdmEo  Bodmdgdol
9boobHol 9o  godmzwobos mombo yzgwaby  GHmJLbogmmo
9w99gbBolb  99dgao 99di3gwrmds: Cd 3,43 (933/0¢), Hg 4,27
(032/0e) Pb 8,58129(93y/dew) Cr 1,45691(93y/dqw), owdgs Cd 3,43
(032/0¢) o> Hg 4,27(933/0qw) 899339wmds, 0dgbo db0d3bgammo,
603 Jomno 3Om396GMwo 96039369wMmds Bmerol Gmeros. bmem Pb
8,58129(932/0¢»)  890339cmds  653wados  (Hd.50MLgModol o
3300l Jbol  60dmdgddo  godmgwgbown, 0sbgz9bgdgwby. Cr
1,45691(93/0c) 8983300 mds3  Bodm®™Bgds  (.50MLgModol o
303m0b Jghols 6odmdgdol sbseroBol Fggal (0b.gbMowo N6 ©o
056535 N5).

Mbs 50060dbML, MM 0sds® Tgr3ol FodBoMmO bolosmEYds
Jowowo 396GH0wsgoom, s 6081dgdol sdmbEsgdol Mdsbdo oM
3oL Fo@olammwosbo  dgbmdgdo. Mo bgwrolidgddwgaro
359 BHMM05 IBHZOMOL s 45MbsdMEd30L aLvYMMZIIWC.
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gbdogo N6

05056 99830L 330D 356093L9dvYo ,,gsa6mdols Bsbogdol“
56sgwoBols 9ggagdo (2016 §erols 6mgddgHo)

99099600l 05356 Jgxol 353%. 20.11.16

3bsbgErgds

Bogoo 150 (pA)

9w9896@0 06 gblogmds %-80
(83/0e)

Mg 12.82 1.38

Al 31.32 1.46334

Si 436.17 7.05388

P 24.38 0.09135

S 64.6 0.86523

K 140.30637 1.10202

Ca 1656.54 15.64724

Ti 10.04552 0.25822

\Y 1.87537 -

Cr 1.45691 0.00854

Mn 26.59321 0.53583

Fe 795.45773 4.84127

Co 5.75837 0.00277

Ni 2.9255 0.01626

Cu 22.91152 0.03824

Zn 108.43052 0.42954

As - -

Zr 40.97229 0.02546

Sr - -

Nb 1.2774 -

Mo - -

Ag 13.20702 0.02685

Cd 3.43 -

Sn - -

Sb 1.78 0.00178

w 1.86786 -

Au 1.69002 -
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Pb 8.58129 0.0143
Ba - -
Hf 1.98453 -
Ta - -
Hg 4,27 -
Bi 0.27 -
Th 0.58 -
u 1.12 -
Pt - -

39bsd6M0L JMPosb s0gdmw 603dgdd0 sxoJloMmEs 99990
ddodg dgBowgdol L3gdBHMo Mg, Al, Si, P, S, K, Ca, Ti, Cr, Mn, Fe, Ni,
Cu, Zn, Zr, Ag, Pb (gbGowo N7 @5 ©0syMsds N6). dowbgosgso
0dobs Gmd, gl B0 BsLsMPYdS LoGMBLIMBGH™M  Bsd segdols
9mdGOomdOl dsmowo 0b@gblogmdom GHYz00l, 39Mberollywol s
JOmdol 8993339emds BsdmMPgds ©obomBgbo Lozgzwrgzo ™md0gdEgool
L3oabmdol Robmgddo godmgwgbow 3mbi3gbE®MoE0sL s sbarmbos
05856 dgn30L 2odboMol bodwdol FsB396989wmsb. 53 MG BBl
3boboomgdL 396G 0wsEool  domowo  3sB39690go s Idso
d9bmdgd0.  LogmMmoEgdms ol godBo MmI  gggws  Mdbmsb
3905M900m, Y39mebg dowowo 8sh3z9bgdgero Cd 3.96115 (83p/0ew)
©5530gLBoMEs 35bsdGOL JmBols bodxdgddo.

gbGogro N7
35bdMOL Jmba®yg 356m53Lgdve0 ,LBsbwdols BsbmgdOL™ sBseoBols
803990
(2016 femols beogddgeo)
9w9896¢3gdols 3obsdMob d. 20.11.16
slssbgegds
B350 150 (pA)
999960 0b@gbbogmds (03y/da) | %-3o
Mg 6.68 0.70383
Al 21.99 1.01254
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Si 338.48 6.00937
P 18.87 0.06441
S 73.01 0.98409
K 118.3408 0.94413
Ca 1137.35 9.76181
Ti 8.26359 0.20458
\Y 1.40131 -

Cr 1.17602 0.00552
Mn 28.23333 0.54673
Fe 589.19399 3.56412
Co 4.25677 -

Ni 3.59424 0.02386
Cu 22.15016 0.0321
Zn 126.4034 0.51799
As - -

Zr 17.42527 0.0097
Sr - -

Nb 1.30059 -

Mo - -

Ag 13.78778 0.0287
Cd 3.96115 -

Sn - -

Sb - -

W 2.53282 -

Au 1.25481 -

Pb 8.25398 0.01328
Ba - -

Hf 1.99147 -

Ta - -

Hg 2.4307 -

Bi 0.10003 -

Th 0.39011 -

U 0.38011 -

Pt - -
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15

2016 §§ brmagddgeo

10

35b3d6GOb g @B.abg{lj).gﬁ)odob mo@bg;g.gg;ob AORO@Ol o
mCd 1.176 3 3.43 2.33
Hg 2.4307 3.71 4.27 6.64
Pb 8.254 10.465 8.581 11.512
Cr 1.176 2.981 1.457 1.732

0536505 5. 2016 {ierob dg0moamdsby (6mgddcmo) bLbgoolibgs
Mdsbbg 50gdo bodmdqddo Cd, Hg, Pb, Cr 33¢g30L d993900L
390006900

3.5.2.2. 2017 §iemols Dsdormols 33eng30L 8909900

2017 ol 5 09096H35¢0b J.050099d0b mmb Ls3zzwgzo Mobosb
30900 ,b53sbmdol BsBMOL® sBHMIME BLMOBFOMO 3ZEg30L
99009350 399m3obs 3dodg dgdowgdol Loghmm L3gdGemo mmbogy
Mdbobmgol H™mIgeos 17 gargdgb@obash s®ol fomdmoygbowro: Mg,
Al Si, P, S, K, Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Zr, Ag. o939, 35bsdGob
99659 ©s9mbE590mw 603989080 IRoJLOMmES 2 A5BLLZs3gdwO
9999630 Sb s Co, beogm 06956 dgx30L godbodmbg dbmenmg Co.

mmbo Gmdbogmemo 9egdgbdowsb (Cd, Hg, Pb, Cr), y3qgwsby
dg@o 9583969090 ogodlods Pb, Cr gmameol Johol bodwddo,
ol BodmMBgds  3obodMol  JmBol s mods®  Jgxol  asdboMol
dmbo(399g00. g439wsby bogzwrgdo dqd339wmds 3o GHO. sdbgHodol
60d/m8dos. Hg 899339mdol  y3gma®g  domowo  3mgn030g6¢0
2359mg3wobs  gmameol  Jubol b48«ddo, sl ®9BI0TI3OMBOM
Bodm®Bgds 09856 g0l godBoMol, 35bsdMmOL s Fd.50MLgMHodol
dmbol 60398900l 3mb3gbB®sgos.  Cd-ob  yzgasbg  doMg
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5mbMds ©sx30JLOMPS Mmool JMBol bodwxddo, dodbodwdo 30
39bsdMob Jhol 608wdgddo, Aol BsBMMBs 3d.50MLgM0dol Jhol s
05856 dgg30L godbomol dshgzgbgdergdo (ob. gbMowo N8,9,10,11 s
053Msds N6). N8 sbMowdo  9gsmgdolomzgol sbggg dmEgdoeos
b533e930 3dodg gBEogdol sbacroBol d9w9agd0 Lgsabrydol Bsbmol
Lofiyob bgowgwmendo - Sph. Papillosum Lindb. - 3o.
gb®ogro N8
3M3meol JBsby 3obmagligdmwmo ,bgsabmdol Bsbmgdol“ s
Sphagnum Papillosum Lindb. 5655¢00o®ols 899900 (2017 fierols

0g09M35¢00)
093963900l 60980l sLobgEgds
©2Labgergds Sph. Papillosum amameob J. 22.02.17
Lindb.
Bozoo 150 (pA)
9w9dgbBo %-do 06@9bLogmds %-do
(03/0¢)
Mg 0.09234 12.15 1.31012
Al 0.09982 25.05 1.16039
Si 4.54452 386.15 6.49371
P 0.14743 45.02 0.21922
S 1.45621 114.61 1.57203
K 2.94175 549.83129 4.50258
Ca 4.62342 861.75 6.85041
Ti 0.09007 8.28889 0.20534
\4 - 0.59966 -
Cr 0.00012 1.7324 0.0115
Mn 0.34361 25.49034 0.5285
Fe 2.43256 469.32176 2.87001
Co - 2.13394 -
Ni 0.00445 2.07586 0.00661
Cu 0.02447 21.40651 0.0261
Zn 0.15643 72.42371 0.25331
As - - -
Zr 0.0048 17.42527 0.0097
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Sr - - -
Nb - 1.04094 -
Mo - - -

Ag - 2.99841 0.0287
Cd - 2.33 -

Sn 6.48 -

Sb - - -

W - 2.68817 -
Au - 1.21736 -

Pb 0.00013 11.60655 0.02377
Ba - 0.48 0
Hf - - -

Ta - - -

Hg - 6.64 -

Bi - 0.01 -

Th - 1.19 -

8] - 2.81 -

Pt - - -

gb®ogro N9

B0g 5dlgModol Juhoby aobmsgligdeyemo ,,lgsabmdols Bsbomgdol™
5bseoBols 9ggagdo (2017 femols gdghzoemo)

093963900l &0. 5dMLgModol J. 22.02.17

3labgErgds

Bo3oo 150 (pA)

9wqd9b@o 0b@gbLogmds %-do
(83%/00)

Mg 7.58 0.80358

Al 14.25 0.63857

Si 216.22 3.95326

p 30.62 0.13001

S 95.12 1.29658
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K 464.11445 3.72969
Ca 681.53 4.94823
Ti 4.44268 0.08956
\% 0.35094 -

Cr 1.05544 0.00422
Mn 14.77386 0.43991
Fe 223.51748 1.83544
Co - -

Ni 2.85868 0.0155
Cu 25.42102 0.05788
Zn 63.65958 0.2138
As - -

Zr 6.66704 0.00249
Sr - -

Nb 1.1203 -

Mo - -

Ag 17.57089 0.04075
Cd 3.13 -

Sn 5.05 -

Sb - -

W _ _

Au 1.98212 -

Pb 6.00955 0.00626
Ba 1.17 -

Hf 2.55377 -

Ta 0 -

Hg 2.32 -

Bi 0.06 -

Th 0.55 -

U 1.08 -

Pt - -
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gbMogro N10

39b50M0oL JmBsBY 256053LgdME0 ,bBIRBMIOL BsbmgdOL“ B5¢groBols

890900
(2017 Herol 0989M35¢00)
093963900l 3obsd®ob J. 22.02.2017
3L3bYErgds
Bo3oo 150 (pA)
9w9dgbBo 0b6@9bLogMds %-do
(03%/0c0)
Mg 12.82 1.38
Al 31.32 1.46334
Si 436.17 7.05388
P 24.38 0.09135
S 64.6 0.86523
K 140.30637 1.10202
Ca 1656.54 15.64724
Ti 10.04552 0.25822
\% 1.87537 -
Cr 1.45691 0.00854
Mn 26.59321 0.53583
Fe 795.45773 4.84127
Co 5.75837 0.00277
Ni 2.9255 0.01626
Cu 2291152 0.03824
Zn 108.43052 0.42954
As - -
Zr 40.97229 0.02546
Sr - -
Nb 1.2774 -
Mo - -
Ag 13.20702 0.02685
Cd 3.43 -
Sn - -
Sb 1.78 0.00178
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WY 1.86786 -
Au 1.69002 -
Pb 8.58129 0.0143
Ba - -
Hf 1.98453 -
Ta - -
Hg 4.27 -
Bi 0.27 -
Th 0.58 -
U 1.12 -
Pt - -

gbMogro N11

05050 980l 353B0HBY 56moglgdyero ,Lgsabmdol Bsbogdol®
5bseoBols 9ggagdo (2017 femols gdghzoemo)

0099963900l »5856 dgxol 4sd%bomo. 22.02.17

©3LsbgEmgds

630000 150 (pA)

9w9dgbBo 06 gbLogmds %-do
(03/0¢)

Mg 9.11 0.97317

Al 22.28 1.02656

Si 298.24 5.37835

p 36.45 0.16613

S 107.86 1.47664

K 410.128 3.24291

Ca 790.66 6.09942

Ti 7.71955 0.1882

\ 0.61815 -

Cr 1.35855 0.00748

Mn 20.77285 0.49715

Fe 464.05574 2.83952
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Co 1.68813 -
Ni 2.46302 0.01101
Cu 21.67064 0.02823
Zn 68.00236 0.23338
As 2.54088 0.02171
Zr 20.99301 0.01208
Sr - -
Nb 1.51753 -
Mo - -
Ag 5.62232 -
Cd 3.04 -
Sn - -
Sb 3.28 0.00757
W _ _
Au 1.26287 -
Pb 7.54254 0.01105
Ba 0.35 -
Hf 1.88266 -
Ta - -
Hg 5.79 -
Bi 0.15 -
Th 1.13 -
8] 1.79 -
Pt - -
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2017 § 00909635¢n0

14
12

10
8
6
4
2
2 &8 Ll O n
B.50v9LgHodol 36 g0l
39bsdMOb J. 60209590000 P00 8930 30300l J.
J. 250.
mCd 3.43 3.13 3.04 2.33
Hg 4.27 2.32 5.79 6.64
Pb 8.5812 6.0095 7.5425 11.606
Cr 1.4569 1.0554 1.3585 1.7324

©053®335 N6. 2017 ool 09096380 ibgoslbgs wdebby 509d9wo
60dm8gddo Cd, Hg, Pb, Cr 330930l 89093900L d9@s69ds

3.5.2.3. 2017 femols asbogbuemols 33erg30l 899900

2017 feool  3s0L8o  s©gdMo  Lbgsgabmdol  BsbogdoL*
609739d0L  sbseEroBol Fggyo  d9dmzobs mmbogg Logwgw
®d09JAHbg 17 LogMomm 8dodg dg@Eowgdol L3gdBH®Mo, dbmemo  Gd.
3099M»0dol JmPols 60dw9ddo, sgodloMos ghmom dg@Eo gargdgb@o -
As.mobo  Hodbogmdo  gargdgbdosb (Cd, Hg, Pb, Cr), Cd
©5530JLoMES Y39y domomo  3mbEIbGHME00m  ™sdse Tgx3ol
23959060l 60dMdgddo 3,87 (033/0¢) 0,43(33/0ew)-000 BsdmGBGds
39bsdM0L J9h0b s0gdmwo 60ddgdol gwgao - 3,44 (932/0¢n), AsL
LodE0MmOm FMLEI3L Gd.5dbgModol JmBol BodmTol Imbsggdo - 2,88
(032/0) s y39way 930ty amameol Jmhol bodmdgddo 2,05189
(033/0w). Hg (5,99552 933/dew) s Pb (10,27545 933/dqw) g439way
Jowowo 990339 mds  sxodboMEs  mameol  JmBol  bodwddo,
bowem  Cr 2017 §eool  a0Bogbmembg g3gmebg  dowowo
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3M6396@®mE00m  998m0339m5 39bsdMOL  JmBol 60dwdqddo 1,66566
(832/0). Mbs 500b0TbmL ol BogEHo, ™A Gyzo0l F90(339emds 0d
dbBgdd0  250m30bs B  Loog 396G 0wWsEool  Jowewo
bs®0olboos, HEMYMOOE3S 05856 IgxoL odboMmo s 3obsdMOL Jhs (ob.
gbdowo N12,13,14,15 s ©osgMsds N7). NI12  gbGowwdo
390006Mg00bsmz0L  8bg3g FmEgdamos bszzwgzo ddody dgdowgdols
3b5eoBol 8993900 LEsabmdol hsbmol Lsfyol bgowgmedo - Sph.
Papillosum Lindb. - 9o.

gbMogro N12

3M3meol JBsby 3obmagligdmwmo ,bgsabmdol Bsbmgdol“ s
Sphagnum Papillosum Lindb. 565¢00®bols 899900 (2017 fierols dsolso)

009996900l 6500m3gd0L slobgErgds
©2Labgergds Sphagnum 2mameobs J. 23.05.17
Papillosum
Lindb.
6535000 150 (pA)
9w9d9b@o %-do 0b@gblogmds %-do
(83%/0¢)
Mg 0.89322 11.23 1.20815
Al 1.23844 33.24 1.55611
Si 5.35789 514.67 8.35261
P 0.12456 44.16 0.21389
S 0.76847 72.59 0.97816
K 2.88250 410.53238 3.24656
Ca 9.99876 1307.67 11.56105
Ti 0.12547 10.21513 0.26333
\ - 1.25011 -
Cr 0.00008 1.47466 0.00873
Mn 0.41365 23.08947 0.51255
Fe 2.78953 590.66873 3.57266
Co - 2.30102 -
Ni 0.00870 2.52201 0.01168
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Cu 0.00954 19.43935 0.01022
Zn 0.17324 74.67239 0.26345
As - - -
Zr 0.00678 30.96316 0.01876
Sr - - -
Nb - 1.30603 -
Mo - 1.28303 -
Ag - 11.14667 0.01964
Cd - 2.05189 -
Sn 1.20111 -
Sb - . -
W - 1.90506 -
Au - 0.83094 -
Pb 0.00007 10.27545 0.00196
Ba - 0.18017 -
Hf - - -
Ta - - -
Hg - 5.99552 -
Bi - 0.1101 -
Th - 0.74068 -
U - 1.80166 -
Pt - - -
gbMogro N13

GO 5dMbgModob JrBsbg 296magligdwmo ,lgsabmdol Bsbomgdol*
065¢r0Bob 9993900 (2017 femols dsolso)

9¢09963900lL  slisbgmgds &9. sdlig®odols 4. 23.05.17
653000 150 (pA)

9w939bBo 0639bbogmds (333/9) %-80
Mg 10.55 1.13278
Al 32.96 1.54258
Si 502.76 8.15556
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P 45.55 0.2225
S 71.93 0.96883
K 309.36477 2.33435
Ca 1427.01 12.95455
Ti 9.34817 0.23723
\% 0.7157 -

Cr 1.27048 0.00654
Mn 22.59063 0.50923
Fe 607.69863 3.67127
Co 2.25084 -

Ni 3.30347 0.02056
Cu 19.28735 0.00899
Zn 94.69748 0.36195
As 1.64776 0.00257
Zr 26.62365 0.01585
Sr - -

Nb 2.41663 -

Mo - -

Ag 11.5266 0.02116
Cd 2.88 -

Sn 3.13 -

Sb - -

W 1.663 -

Au 0.84653 -

Pb 8.01699 0.01254
Ba 0.88 -

Hf - -

Ta - -

Hg 4.59 -

Bi 0.1 -

Th 0.51 -

U 1.25 -

Pt - -
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gbMogro N14

39b50M0oL JmBsBY 256053LgdME0 ,bBIRBMIOL BsbmgdOL“ B5¢groBols

890002900 (2017 fewols solio)

993963900l 3obsdGMoL J. 23.05.17

3L3bYErgds

Bo3oo 150 (pA)

9w9dgbBo 0b6@9bLogMds %-do
(03%/0c0)

Mg 5.35 0.55641

Al 25.01 1.15846

Si 310.69 5.57358

P 17.81 0.05984

S 49.00 0.64476

K 158.15134 1.2303

Ca 1127.35 9.65617

Ti 8.74748 0.21915

\4 0.80964 -

Cr 1.66566 0.01079

Mn 15.72373 0.46042

Fe 523.75434 3.18519

Co 2.80884 -

Ni 2.723 0.01396

Cu 20.62267 0.01977

Zn 79.9947 0.28959

As - -

Zr 12.05912 0.0061

Sr - -

Nb 0.8865 -

Mo - -

Ag 12.38261 0.02422

Cd 3.44 -

Sn 1.73 -

Sb 0.13 -
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\W% 2.21892 -
Au 1.13458 -
Pb 4.99529 0.00308
Ba 1.79 -
Hf 2.41716 -
Ta - -
Hg 2.34 -
Bi 0.05 -
Th 0.34 -
U 0.32 -
Pt - -

gbMogro N15

5056 9980 g39BoODBY 3560s3L9dvo 135360l BsbmgdOL“
3bsgrobol ggagd0 (2017 femols dsolso)

093963900l 050856 9ggxols s50%b. 23.05.17

©3LsbgEmgds

630000 150 (pA)

9w9dgbBo 06¢gblogmds %-do
(03%/0c0)

Mg 9.81 1.05076

Al 14.04 0.62842

Si 227.53 4.19254

P 31.41 0.1349

S 124.73 1.71506

K 228.99447 1.73953

Ca 1983.4 19.67444

Ti 8.1426 0.20094

\4 0.51529 -

Cr 2.01919 0.01459

Mn 15.03135 0.44547

Fe 309.44783 2.14022

52




Co 2.1727 -

Ni 3.20255 0.01396
Cu 21.469 0.0266
Zn 60.2086 0.19825
As - -

Zr 16.69807 0.00921
Sr - -

Nb 0.74274 -

Mo - -

Ag 27.72784 0.07309
Cd 3.87 -

Sn 2.57 -

Sb 0.09 -

W _ -

Au 1.83091 -

Pb 4.6365 0.00196
Ba - -

Hf 1.87654 -

Ta - -

Hg 1.93 -

Bi 0.07 -

Th 0.24 -

8] 0.68 -

Pt - -
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2017 §) 9s0obo

10

8

8

2 1 0 | o

35630600 g @B.o?){j:lj).gﬁ)odob maaozig?ggob AORO@Ob o

mCd 3.44 2.88 3.87 2.05

Hg 2.34 4.59 1.93 5.99

Pb 4.995 8.017 4.636 10.275

Cr 1.6656 1.2704 2.0191 1.4746

0530385 N7. 2017 ferol dsolido bgoolibgs mdsbbg smgdwyero
60039030
Cd, Hg, Pb, Cr 33e930L 990092900L 890006gds.

3.5.2.4 2017 §jemol Bogbuyemols 33eng3ol 89wnagd0

2017 Harob  5330LFGH™ML 03980 Loggwo  MdogdEHYd0LD
50030 ,L53sbMIol BBMOL sboEoBol Fggys  MmmMboEsb Lsd

®309JABg 399m3w0bs 18 LogHhom 8dodg dgEowol b3gdGMo, boagrm
39bsdM0ol JmPol sb5¢roBol gqagddo ghmom bs3wgdo gegdngb@o
©og0dboMs (As).

mobo  GHmJbogzwdo  gwqdgb@owsb (Cd, Hg, Pb, Cr), Cd
©5530JL0MES Y3gmsby Fomowo 3mbi3gbEBHMsE00m Jobsd®moL JmBols
600d/8gddo 3,53 (933/daw), 0,3(03y/0e)-000 Bsdm®Bgds msdat dgg30L
23900006 s0gdwo bodxdgdol dgogao - 3,23 (33/0¢), dsL
LodzoMmom ImbEIaL mameol JmBol 6odwdgdol dmbsggdo - 2,73
(032/0) s yzgeaby 93069 Gd.5dMLgModol Jmbol Bodwdgddo
2,071 (83p/9¢). 4z9wosby dsmoeo 3mb6396@®sgoom Hg (4,23 93p/d¢)
399030bs 35956 gz30L As8BoMol boddgddo, Cr 2,7532 (93p/0¢)
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30.507LgHodol Jpol bodwdgddo, bmem  Pb (10,2578 93p/d¢)
30.50bgHodol bodwdgddo (ob. gbMowo N16,17,18,19 ©s ©0syMsds
N8). N16 gbGowdo dgsmgdolbsmgol sbggg dmagdwaos b3gwg30
ddodg 89¢owgdol sbserobol 89990 bxsabmadol Bsbmol Lsfyol
bygowgmendo - Sph. Papillosum Lindb. - 3o.

gbMogro N16

3MaMobl JyBsbg 396mogLgdMEO ,LBsxbmdol Bsbmgdol* s
Sphagnum Papillosum Lindb. 565¢00%ol 899900 (2017 ool

5330L¢3M)
009996900l 60098900l BsbgEgdS
©olisbyEgds Sphagnum 23000l J. 25.08.17
Papillosum
Lindb.
635000 150 (pA)
9w9dgbBo %-00 06 9bLogMmds %-do
(03/0c)
Mg 1.67588 21,36 2,29588
Al 0.50132 144 0.64582
Si 5.24754 350,14 6,19222
P 0.10567 33,37 0,14704
S 0.87954 112,85 1,54716
K 2.99868 533,3534 4,35401
Ca 5.12563 779,71 5,98375
Ti 0.11354 6,09387 0,13926
\4 - 1,02824 -
Cr 0.00011 1,12709 0,00499
Mn 0.40278 24,38977 0.52119
Fe 1.78689 279,37113 2,03355
Co - 0,53224 -
Ni 0.00467 1,98363 0,00556
Cu 0.00978 21,5092 0.02692
Zn 0.15768 55,32871 0,17625
As - 1,79901 0,00581
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Zr 0.00234 10,20922 0,00486
Sr - - -

Nb - 1,27055 -

Mo - - -

Ag - 9,88667 0,0146
Cd - 2,73 -

Sn 0,57 -

Sb - 0,47 -

W - - -

Au - 1,87413 -

Pb 0.00015 7,91705 0,01222
Ba - - -

Hf - - -

Ta - - -

Hg - 4,02 -

Bi - 0,15 -

Th - 0.87 -

U - 2,33 -

Pt - - -

gb®ogro N17

B9 5dlsgM0dol Juhsbyg 3o6msgligdeyamo ,lg3sabmdols Bsbomgdol™
365¢0Bol 890092900 (2017 GFenols s330LE™)

093963900l 0. 5d0MLgModol J. 25.08.17

3labgErgds

Bo3oo 150 (pA)

9wqd9b@o 06 gblogmds %-d0
(93%/0)

Mg 12,23 1,31448

Al 11,35 0.50848

Si 223 3,94264
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P 31.52 0,13868
S 110,85 1,51864
K 415,68 3,39194
Ca 680,27 5,21767
Ti 5,2691 0,12039
\% 0,02321 -

Cr 2,7532 0,01211
Mn 25,6845 0.54862
Fe 348,4231 2,533
Co 0,42311 -

Ni 1,23568 0,00345
Cu 21,5092 0.02692
Zn 62,2458 0,19794
As 2,0237 0,00651
Zr 12,2457 0,00582
Sr - -

Nb 1,22012 -

Mo 0 -

Ag 8,8578 0,01307
Cd 2,071 -

Sn 0,42 -

Sb 0,71 -

W - -

Au 1,32871 -

Pb 10,2578 0,01579
Ba - -

Hf - -

Ta - -

Hg 3,76 -

Bi - -

Th 0.78 -

U 1,64 -

Pt - -
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gbMogro N18

39650M0b JmBsBg g36ms3LPdNMEo ,LBsabmdols Babomgdol® sBseobols
89w9a900
(2017 §emols 530G ™)

60030l 23mameools 4. 25.08.17
3L3bYErgds
Bo3oo 150 (pA)
9w9dgbBo 0b6@9bLogmds %-do

(63%/0c0)
Mg 6,28 0,66568
Al 20,55 0.92146
Si 320,69 5,75297
P 18,9 0,63502
S 52,2 0,68686
K 221,2574 1,72120
Ca 1215,23 10,4088
Ti 7,8341 0,19626
\ 0,702362 -
Cr 1,502311 0,009731
Mn 17,72321 0,51896
Fe 507,7234 3,08769
Co 2,51832 -
Ni 1,97263 0,00545
Cu 19,23441 0,00958
Zn 80,6792 0,29206
As - -
Zr 10,20922 0,00486
Sr - -
Nb 1,14023 -
Mo - -
Ag 11,23861 0,02198
Cd 3,53 -
Sn 1,22 -
Sb 0,17 -
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\W% 1,29127 -
Au 1,12145 -
Pb 7,78705 0,00480
Ba 1,24 -
Hf - -
Ta - -
Hg 3,05 -
Bi 0,11 -
Th 0.23 -
U 0,33 -
Pt - -

gbMogro N19

05056 9980l 3s9bBoMHbBY gs6msgLYdMEo LLBsabmdol Bsbmgdol™
365e0Bols 890093900 (2017 Genols s330LE™)

600wdols &0. 5dligModols J. 25.08.17

3ldbgErgds

6535000 150 (pA)

9w9d9b@o 0b@gblogmds %-3d0
(83%/0¢)

Mg 12,77 1,37898

Al 32,31 1,50959

Si 422,11 6,82649

P 31.52 0,13868

S 57,23 0,76651

K 135,30678 1,06275

Ca 1780,23 16,8155

Ti 8,03521 0,20654

\4 1,88237 -

Cr 1,55247 0,0091
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Mn 24,6835 0.49735
Fe 882,44721 5,3707
Co 4,23137 0,002
Ni 1,2245 0,0068
Cu 21,5092 0.02692
Zn 102,2218 0,40494
As - -

Zr 39,23147 0,02437
Sr - -

Nb 1,20012 -

Mo - -

Ag 8,8578 0,01307
Cd 3,23 -

Sn - -

Sb 0,52 -

W _ -

Au 1,42131 -

Pb 8,87259 0,01478
Ba - -

Hf 1,23543 -

Ta - -

Hg 4,23 -

Bi 0,24 -

Th 0.52 -

U 1,17 -

Pt - -
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2017 §; s330LEGH™
1
g --l -II --I -Il

3565060k 4. @B.obg{l;gﬁ)odob mbabg gggob AORO@Ol o
mCd 3.53 2.071 3.23 2.73
H Hg 3.05 3.76 4.23 4.02
mPb 7.787 10.257 8.872 7.917
Cr 1.5023 2.7532 1.5524 1.1271

0530385 N 8. 2017 {iemob s330LGH™ bbgaslbgs «ds6%g sw0gdmwo
609dm8gddo Cd, Hg, Pb, Cr 33¢0930L 990092990l 9900569d0.

LogMom LyMsmol gbogddbgers® godmzomzowrgo 1o33zwg30
A9O0GHMM00©s6 500 603999080 mmbo Y3z9gwaby GHmduozm®o
9w9996@0L X900 3:mb(396GHME0S ©S FgEIMIdOLMZ0L Jq30¢9bgm
Q05653590 N9.
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N9 05365806 Psbl, Mmd Cd yggws Lgbmbby momddols
®9bsdsM0s,  ™mIzs  I30MHgEom  5FoMBJOL  Tgdmmdsls o
20Bogbmmbg.  Hg  dodlodocowm®o  3oB39bgdgero  sgodboMs
Bodmsmdo, dgsMgdom  bogegdo  sgojbodEs  dgdmeamdsty,
29Bogbmmby s bogbmamdo yzgusbg bogwgdo dohzgbgdgwros. Pb
303L 50f93Lb 890mamdsty, d30Mgom BsdmMBgds Bogbwwol s
Bodmn®ob  dmbozgdo s 96083690m3bs  sdswo  dsBg9b69d9wo
©5330JboMEs  AIBIRbMEbY.  Cr Lsd  Lgbmbby  ALbgyegLo
3Mb396GH®o300m 358Mm3w0bEs, TbMmErmE BsdMsMmdo IROJLOMOS
9600369036500 ©sdso Tsh3z9bgdgEro.

2017 Heools gdgezsedo 5090w 6odmdgddo godmgzaobos
ddodg dg@owgdol d99ga0 3mbEgbGMsgos : Pb 8,43(d33/dw), Cd —
2,98 (93p/0w), Cr — 1,4 (93y/0ew) Hg — 4,75 (33p/0em). <mbs
500603bmb, HMI 3960 bEolgsol yzmsbg Gowswo 30mb3gbG®maiEos
D5005Mmd0 IR0JLOMS.

2017 ool dsobdo o@gder 603w3gddo godmgeobos ddody
39@owgd0bL y39mabg bs3ergdo dsb39690geo Pb — 6,98 (33a/0¢), Cd -
3,06 (933/0w), Cr — 1,61 (93y/0ew) Hg — 3,71 (93y/dew). dsoldo
L5395 mM30L Boangdosbmds 74 80-U EGHMEEYOMS.

2017 fiewob 5330LEMboZoL bodwdgddo gsdmgzwobos ddody
d9Bowgdol 9090 8sB39b9dgwo: Pb — 8,71 (33p/0em), Cd — 2,89
(03y/0w), Cr — 1,73 (93y/0cw) Hg — 3,76 (932/0cw) (0b.co0sgMsds N9)

3.5.3.5. domgdvyemo 990093930l 99050905 BOgtvymsm @slssdzgd
3Mb3gbBMs305L0rsb

50bo60365305 HMI, LaodoMmNzggEml IOMIoL, Xs6IMMIMdOLS
©5 bemEoswnMo o330l dobobGH®mol 2003 Farol 24 mgdgmzocol
00dsbgds No38/6 35699l botrolbmdM030 dymIsMgmdol bemdgdol
593303900 dglobgd“— ol msbsbds Jodowdol (Cd) Lodwsgrm
LoEEIPsTolm BEZHWWOE L3900 3MbEgbEHMoEoss 0,0003 (Tp/0%)
(Ls8odMMGdOL  3wsbo 1), ggdaEbeobfyseo (Hg) — 0,0003 (dy/33%)
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(LoBodOMGdOL 3emslo 1), ByzooL (Pb) — 0,0003 (3/03) (LsdodBmgdOl
3wsbo 1), Jomdo (Cr) 0,0015 (3p/03), (LododMMgdol Jawsbo 1)
(Lado®mnzgaml IOMIoL, KsbIOMIMBOLS s LEMEOSXYHO 330
dobobiB™mol dMdsbgds Ne38/6 2003 ferol 24 mgdghzowo 7 ). vy,

339308 899pJ0L  3d©e30y3bm  dy/e  Bogowgdo  Fgdgal
(ob.gbMown20)

gbcowo 20.
331930 99g900 3o@sgzaboro dy/qo
/0

3935900 Cr Pb Hg Cd
396H0M©0
2017 VIII 0.00173 | 0.00871 | 0.00376 | 0.00289
2017 V 0.00161 | 0.00698 | 0.00371 | 0.00306
2017 11 0.0014 0.00843 | 0.00475 | 0.00298
2016 XI 0.00184 | 0.00973 | 0.00426 | 0.00318

3bmdowos Mmd, 19y/ew =lppm @5 gb dmbs3gdgdo dgodergds
30030943s6mo /0>  dgdgyo ROHIMom, GG
3908539090005 250M90mb ©o330L LosggbBml dogé (EPA) (Terrie et
al., 2006) :

Y mg/m?® = (X ppm)(atomic weight) /24.45

bos3, ppm — 5M0L dg@Eowrol 999(339wmds 60dwyddo 4sdmbsbwero
dy/qw, atomic weight — dg@owob s@mdn©o fmbs, 24,45 — dvdogo
LOoEOEY. 35906  SEbodbMWo  FMOIMEOL  godmygbgdom Qo
d9L50590L0 F9EOEGOOL 5EHMINMO H@bol gomgzsolfjobgdoom (Cr offf =
51.9961; Pb o/f = 207,2; Hg o/ = 200,592; Cd o/ = 112,411) (Michael et
al,, 2013 :11), 80300900 15331930 39G0MEOLMZOL 133 Fghmboero
0d00g 09BHogdol  3mbEgb@®maosl, Mog 0amdstgmdl d9dgydo
(ob.gb®oo 21.)
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gbdogro 21.
332930L 89093900 3og3sboqro dy/8°

dp/0®
3939900 Cr Pb Hg Cd
396000

2017 VIII 0.00368 0.0738 | 0.03085 | 0.01328
2017V 0.00342 0.0591 | 0.03043 | 0.01406
201711 0.00297 0.0714 | 0.03896 | 0.01370
2016 XI 0.00391 0.0824 | 0.03494 | 0.01462
b©3 0.0015 0.0003 0.0003 0.0003

331930l 890929005 5 BPYIOHIWsE L3900 3MbiEIbGHMsE0OL
39000690000 ©5Y0bEs MH™I, JHmdolb (Cr) 999339ermds BOzmwEws©
©sb53390  3mBEgbG®sEosl  yzgws  LyBmbolmgol  Lsdmswme,
509353905 2,33 — %96, By300L (Pb) 899339wmds 509053 gds 236,26~
X90, 3903bwobfyswo (Hg) 112,65 —xq6, 3ocododo (Cd) 46,38—x 96
(ob. 3b6H00.20., OoyM05.10.)

3830793015 3 GBerbeg e 359680 3dody Agdvergdols
3mBE)BAMagos 8p/0°
0.09
008 0.0824
. e, ¥
0.06 o=l
0.05

0.04 203336
0.07eTT

0.03 ToEeas B-B3IGE5

0.02

001 0.01452 00137 009406 04328
0.08354 ynics -

0 e o 0.0063

2016 X 2017 1l 2017V 2017 VIl Bpb

©053585.10 J.850030L 5@IMLRIOH 35960 2016 §. 6xmgddgGdo,
2017 §—ob ogd9635¢0d0,350L30 @ 5330LEMA0 sdEHoMO
0003Mbo@MOH0ba0m sxoJloMdWwo 3mb3gbEHMoE00l FgEaMgds
B3O LdZz90 3mb396EOE0LME (B3).
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s3336900:
1. Bo®os  3mbgomol  dEmdol, 33500  Lgsabmdol
Lobgmdgdol LobB9ToG03MeO, 965¢MI0©-8mOBMEMA0MO,
00Mg3MMYPOMMO s BoMT3:J0doMMO 33eng3d. 2odmM3wbowos s
0P 9M0w0s bEsgabmdol bozgarglzo LobgmdgdoL sTobslosmMgdgEo
60956-030L90900, Moz 960d369wMm3z5605 Fsmo, oblsgMMGgdom 30
LodoswyeEo bobgmdgdOL 0EIbEHOBOEOMIOOLOMZOL.
2. 08bsmols s 0l3sbol  Fyols  Fg53056mdol  Fglifogerols
39009390 006, HMI  FHMOR6sMT0, fiywol bgws 13969080 pH
4.0-5.5-0b, 99dBHOMYEHMbsMOsBMds 70-100 LA Low®dgby 3o 40
- 70 pS-ob 8oMawgddos. mMmogg dsh39bgdgwo  MIBOMGHGMGBE
239099mby doMmomgdl. 87039 Hywosbo 4oMmgdm MHOHMb3gEymal
3bgomol Logabmdosbo  GHMOmBEsMIdOL 35d0@FsGOL dB0d36gwmgsb
LgG30ULL.
3. 3bgmol EdEMBIOL 3963MWHE0IM0 G030l GHMMBbIMOL
- 0b3s6o 2-0b bgBsabmdol 5 Lobgmdol (Sph.  austinii Sull. (Sph.
Imbricatum ssp. Austinii), Sph. papilosum Lindb., Sph. palustre L., Sph.
cuspidatum  Ehrh.ex Hoffm., Sph. rubellum Wilson.) gs%v6o
JOMToBHMM58305-8oLL39JEOMAgEHOOOL dgoom©om  33g30Lsb
0©963H0x8030MGdMWos 3 3esbol  (guEGIMGOOL, Bgbmergdol s
30obogoM0@gool) 16 dBOMEMY0MMI© sd@0Mmo bogmogmagds.
4. ©o3gboos,  MHMI  FHMORBsGOL  Lbgoslbgs  bmbsdo
(OM8IOMo s 3MIdsM0)  FMBsMEO  LRBsbMBol  Labgmdgdo,
9LGHIMIO0Ls S 3MmEobJoM0EOoL  J99339Md0®  0EIBEHWMOS,
296Lbge39050 B9bmEmMo boghomgdol 899;339wmdsdo. ggbmEwMo
BogH00: dgomglbogn 2-0-396%Bor-a-D-Jboerm3otmsbmboo,
299m3w0bs Fbmerm© dBgHYI BMbsdo Q93039 gdM, Bowswo
Pyarob mbals 8gamadme bobgmdsdo - Sphagnum cuspidatum Ehrh.ex
Hoffm.-do.
5. Bo®o®ms Lgogbmdol 5 Ubsggwrgzo Lobgmdol  fywosbo
9JbGH®ogdBHgdol, 3969006 @5  3moLodo®oEIdol  33¢930
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96300593 ghoMe dmddggdsBg.  LEeabmdol Lozgargs Lobgmdgdl
20dmBbs 99F)-6530gdo gsdmbsdmwo dmddgqds Proteus vulgaris

Q@S  Staphylococcus —aureus dsd@gdomo  9Fsdgool  d0dsMo.
399mbo@mmo  d5gGHMoEoIo  dmddggdol Bstom  b3gdEHGom
390m00MBg3s Sphagnum papilosum Lindb.-ob {iyeosbo gduEead@o.

6. J- 050030l BHgMo@MMH05bY,  Holb  mombogzg  ©OMOL
2960530590, 9.§. ,LBBMIOL BsbmgdOL” 250mYgbgdom, Bo@sMs
5GHIMLBgOMo  359M0L  33¢0935-00M3MboGMMmObo ddodg
39@5gd0L 9993390 MdsDBY. 5GHIMLGBYOHMe 359Gdo 9d0dg dg@Eswgdols
9439woBY Bo0so 36396 M300 990MmEaMmIsby sxg0dloMmES.

7. »U030869990L  Bsbmodo®  s@IMbggHmo  3sgMosb  3ddody
39BHogdol  sdLMMDE00LMZ0L  Y3gasby bgawlisgMgaos bosdmognm
Bogmgdosbmds, 3g@dme 40,81 99 s 11,5 C° 3gd3gHsdmEro.

8. J.00mwdol  5GHIMLGgHYer  359Mdo 2016 -2017 fHergddo
Bo@oMadmo  33eg30Lb  obobds, JMmdol (Cr) 3mbEgb@®sgos,
D3O LIZ9d 3Mmb3IBEHMOE0L 50gTsBHgds, Lodmowm 2,33 —
X90, Byz00L (Pb) 236,26—x96M, 396MEberobfycol (Hg) 112,65 —x96,
390030130l (Cd) 46,38—x96.

9. LBoabmdol  Labgmdgdom 9.5 ,Lbxgogbmdolb  Bsbomoom®
5GHIMLBYOHMEo  359Mm0L ddodg  39GOwgoom  ©FMFYosbgdol
d9LFogzs s Bd0MIMbOBHMOMObyo Y39wsDY 0530 S bgwrdolsfgomdo
330930 8g0MOos.

693096530900

693m3960Mgdmwos  LobBHYIsGHoMo  dmbgl  Lgeabwydol
Lobgmdgdol 06396EHM0BOG0s.

00MEMPOMES© 59BH0MM0 b0gm0gMdgdolL (8gbmergdol) dolbsmgds©
69300960MgdMwos  dMPIOHM  Dmbsdo 2930 39w gdMEO
b35649d0L Lobgmds Sphagnum cuspidatum .

933960300 259F930  LUBeabmdol  Bobomsl®  Gmgmes -
5GHIMbEgOHMo 35960 8dodg  FgBHowgdom oI FYoobgdol
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Loog 0000bsMgmdl oo  0bxg®mILGHMWIGHMGWwo  3Omgd@gdo
(009 Y930, 5653¢05) 3596M0b batolbol 3gegzobmgob.
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Introduction

Actuality of the Research Topic.The sphagnum peatlands and flora of
Kolkheti are relict ecosystem formed during the tertiary ice age.The
glaciation was of local importance in Kolkheti. Some glaciers descended
into the valley. The melting of the glaciers took many plants with them.
Since that time, the flowering plant of the northern flora (Drozera) and
the species of sphagnum survived both in the mountains and in the valley
of Kolkheti. (Ketskhoveli, 1960: 3, ®nepos, 1929, ®repos, 1929).

Kolkheti is the only place in the warm zone in the world where
where alive ombotrophic sphagnum peatlands are widespread.These
peatlands occupy a special place among the peatlands of the tropical and
boreal zone. Kolkheti, due to its special properties and location is
considered among the peatlands of the world as a unique place in the
world for the percolation peatlands with living sphagnum. (Joosten, 2003,
Joosten&Clarke, 2002).

Solving environmental problems and improving air quality, which is
focused on conserving peatlands and restoring degraded ones, are on the
agenda of the world today. Among all the other peat-producing species,
the sphagnum occupies a special place. Sphagnum species are an
edificator. Although most of the peatlands are protected, they are still
affected by the impact of infrastructure projects. Peat is mainly produced
in the Kolkheti lowland by sphagnum species, so each species plays a
special role in the functioning of peatlands.

Recently, pollution of the biosphere (air, soil and water) has become
a global environmental threat. Wetlands and reservoirs are one of the
main "repositories” of pollutants, since industrial and agricultural
discharges contain a wide range of toxic substances, including fertilizers,
coloring materials, pesticides, heavy metals, radionuclides and others.
Biological control of water and air is especially relevant for Georgia,
where infrastructure, energy, agriculture and especially the extraction of

natural resources (gold) are actively developing. In addition, the use of
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pesticides on agricultural land has increased the probability of pollution
of the biosphere by wvarious pollutants, especially heavy metals
(Tetemadze et al., 2017).

240 species of bryophytes are affected by various pollutants
(pesticides, discharge of industrial waste into lakes, emissions), of which
66 species are threatened with extinction (IUCN 2015).

2019 Red List results show that 88.2% of bryophyte species (1,603
species, including 319 endangered species) should at least exist in one
protected area (including National Park, 2000 nature reserve or nature
reserves) as these areas are subject to protection.

EU environmental policy is based on two important issues : 1. species
protection under the Birds Directive, 1979 (Directive 79/409/EEC), and 2.
conservation of mnatural habitats under the Habitats Directive,
1992(Directive 92/43/EEC; jointly referred to as the Nature Directives)
(EC 2018).

IUCN provides the following guidelines for the protection of
bryophytes: Use the European Red List of Bryophytes as a scientific basis
for providing information on endangered species to the regional /
national list and for setting conservation priorities

Research Aim and Objectives.The aim of this research was to study the
biological characteristics and chemical composition of sphagnum species
of peatlands of the Kokheti lowland.

In order to achieve the aim of the present study, research activities
were carried out in accordance with the following tasks:

Task 1. The study of the systematic, morphological, anatomical
characteristics and ecological environment of sphagnum species
spreading to percolation sphagnum peatlands of the Kolkheti lowland;

Task 2.Determination of the content of the chemical composition of
sphagnum species (Sph.palustre, Sph. Papillosum, Sph.rubelum,
Sph.imbricatum, Sph.cuspidatum);
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Task 3.Production and installation of the so-called sphagnum bags "in
pre-selected areas, overloaded with transport in Batumi, and their
chemical analysis to determine the content of heavy metals in the air.
Scientific Novelty. For first time in Georgia, it was possible to study the
morphological, anatomical and ecological characteristics of 9 sphagnum
species of the percolation peatlands, and the chemical composition of 5
sphagnum species. Moreover, to determine the content of heavy metals
in the air of Batumi using the so-called "sphagnum bags".

Theoretical and Practical Significance.This study is important from a
theoretical and practical point of view, since the determination of
anatomical, morphological and ecological characteristics facilitated the
identification of similar species, as well as the results of determining the
chemical composition, which can be used to determine the antiseptic
nature of sphagnum species, and "sphagnum bag" as a cheap means to
monitor air pollution by heavy metals can be introduced for systematic
and large-scale studies in different cities.

Approbation of Work.The research results were presented on the
International and National Conferences:

1. International Scientific Conference “Green Medications - By Green
Technologies - For Healthy Life”, Thbilisi, 2019;

2. Georgian National Academy of Sciences, Regional Center of the
Autonomous Republic of Adjara, Batumi 2019, Works V, ISSN
2449-2507, Lead in the air of Batumi.

3. IX International Scientific Agroculture Symposium “AGROSYM
20187, Jahorina, Bosnia-Herzegovina, October 3-6, 2018;

4. 2nd International Conference on the Utilisation of Wetland Plants
"RRR2017Renewable Resourcesfrom Wet and RewettedPeatlands",
Greifswald, Germany, 2017;

5. Conference "Future Technologies and Quality of Life", Batumi.
Georgia, September 29, 2017;
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6. III Scientific Conference "Biodiversity and Georgia", Georgian
Botanical Garden, May 2017;

7. Black Sea River Basin Ecology, Batumi, October 2016.

3 scientific papers were published in the refereed national and

international scientific journals and in conference proceedings, and 1

are accepted for the publication
The Structure of the Thesis. The work consists of the following sections:
Introduction, Literature Review, Materials and Methods, Results,
Discussion, Conclusions, Recommendations, References. The thesis
consisted of computer-printed 111 pages in Georgian language, 21 tables,
11 diagrams and 29 figure, 6 map. The bibliography of the PhD thesis is

consisting of 120 sources in Georgian, Russian and English languages.

In literature review 45 references are analyzed on particular topic. It
gives the state of current knowledge, an overview of key findings,
concepts and developments in relation to a research problem or question.
ResearchMaterialandMethodology

The place and conditions of the research.The chemical composition of
the sphagnum species was determined in the LEPL laboratory of the
National Bureau of Forensic Science. Levana Samkharali within the
framework of the Doctoral Scholarship of the National Science
Foundation of Georgia Shota Rustaveli (SRNSFG): "Study of The
Ecological, Chemical and Biological Characteristics of Sphagnum Species
of Kolkheti Lowlands, Bio-Indicator of Air Pollution and Prospects for
Use in Medicine”.

The cological, systematic and morphological characteristics of the
genus Sphagnum L. were studied at the Institute of Phytopathology and
Biodiversity of Batumi Shota Rustaveli State University.

The spectrum of heavy metals in the "Sphagnum bag" was determined

on the basis of the laboratory of the Department of Geology of Georgian

74



Technical University. Batumi was a study area for monitoring
atmospheric air with a sphagnum bag.

Research Material. All identified sphagnum species, widespread in the
Kolkheti lowland, were used as research material to determine their
anatomical and morphological features and environmental
characteristics. The chemical composition was determined only for 5
species (Sph.paluster, Sph. Papillosum, Sph.rubellum, Sph.imbricatum,
Sph.cuspidatum). In the process of biomonitoring, the study material was
a so-called "sphagnum bag" made of Sph. From papillos.

Research Methodology. Handbook of European Sphagna (Daniels and
Eddy 1985) was used as a guideline for systematic, morphological and
anatomical studies of sphagnum.

ABinocular microscope was used to determine the anatomical features of
the sphagnum species. The loupe (18 MM-10X TRIPLET) was used while
working in the field.

To study of pant communities of Sphagnum using quadrate methodes.
The dimensions of the squares are 25 cm x 25 cm.

A equipment (EC -Electric conductivity) was used to study the acidity
and electrical conductivity of the ecological environment.

Atmospheric air was monitored by the"sphagnum bag" method in
Batumi. To detect heavy metals in samples taken from the study areas,
we used the preparation of a typical test procedure for sample 139 AY-4:
dry ash ANALMETH.DOC, dry ash method of "standard conditions"using
graphite cuvette.

Research results and discussion
Chapter 2.Systematical, anatomical, morphological and ecological
characteristics of Sphagnum species in the Kolkheti lowland
SectionSphagnum L.
There are 5 species (Sphagnum austinii Sull. Sph. magellanicum Brid,
Sph. palustre L, Sph. rubellum Wilson., Sph. papillum Lindb.) of the

75



section —Sphagnum, which are common in live sphagnum peat bogs of
the Kolkheti lowland.

Sphagnum austinii. Sphagnum austinii (Sphagnum imbricatum) is a main
peat-producing species, which is the rarest and most sensitive species to
environmental pollution worldwide (Machutadze et al., 2009; Kolkheti et
al., 2019, Dokturovski et al., 1931, Kaff. , 2000)The climate change,
drainage, fires, grazing and eutrophication are the reason for its
reduction.

Sphagnum austinii — Morphological description.The plant is more
usually, rather dense, occasionally compact so that the stem is completely
hidden by the closely packed spreading branches; dull green to yellow-
brown or chestnut, compact forms often very dark with some purple-
brown coloration

Description: Typically, of 4, sometimes only 3 branches; 2 distally
spreading branches and 1-2 pendent branches which are short.

Stem: Typical of the section, inner layers of cortexstrongly fibrillose
compared to the outer layer (exposed face often lackingfibrils); outer face
of cortical cells with 2-3 pores.

Branch anatomy: Spreading branches about 15 mm; pendent branches
rarely exceedingl2 mm; Branch leaves: short, 1.5 mm, with well-
developed hyaline cells.

Unlike other species of Sphagnum, only Sphagnum papillosum, like
Sphagnum austinii, can create greenish-brown hummocks. Hummocks
are characterized by a smooth, simple surface, and thin and small branch
leaves (Daniels et al., 1985). In field work, Sphagnum austinii Sull (Sph.
Imbricatum Russ) is sometimes difficult to distinguish from Sphagnum
papillosum with the naked eye. Distinctive features of these two similar
species are observed at the microscopic level, on the basis of which the
species is identified.One reason for this is that both species are involved
in the creation of sphagnum domes. They never interact with the aquatic

environment and form permanent close communities, which makes it
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difficult to distinguish the two species from each other.In the usual case,
Sphagnum austinii and Sphagnum papillosum are sharply different
species with morphological features.

Comparative anatomical description of Sphagnum austinii and Sph.
Papillosum.During field expeditions, the species differ from each other
mainly in morphological observations(Fig.1). The loupe was used to
study the morphological features of Sphagnum species. However, there
are exceptional cases when different species are morphologically similar
to each other and they can be distinguished by anatomical features.
Sphagnum Papillosum is sometimes morphologically very similar to
Sphagnum austinii in low temperature and low water conditions, which
makes it difficult to distinguish between the two species. The difference
can only be detected by microscopic examination. On microscopic
examination, the fibrils of the hyaline cells of the branch leaves are more
intense in Sph. austinii than in Sph. in papillosum. The difference
between Sph. papillosum and Sph. asutinii is mainly based on the height
and extent of the comb fibrils. Chlorophyll cells of Sphagnum Austinii
are more intensely colored, fibrils are sharper and more unequal in
length, while chlorophyll cells Sph. Papillosum are lighter in color, and
the fibrils are of the same length, crossing the entire hyaline cell (Fig 2).

Figure 1. Habitus of Sphagnum austinii (left) and Sphagnum papillosum
(right)
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Figure 2. A. BranchleavesofSph. austinii ; B.
BranchleavesofSph.papillosum
Sphagnum austinii. The shape of the leaves of the transverse branch
is lanceolate, is hunging inclined towards the apex, the apex is sharply
pointed, the apex ends with a mustache-like cell protrusion, which Sph.
does not have Sphagnum papillosum. The leaf shape of the Sphgnum
papillosum branch is pitcher-like, the basal part of the leaf is wider,

narrows towards the apex and is inclined from the base to the tip.

If we place the branch leaves of these two species on the slide and and
carefully examine, we will see that they differ not only morphologically,
but also in size.

Sphagnum magellanicum Brid. This species also belongs to the
Sphagnum section and participates in the formation of the sphagnum
dome. From the sphagnum peatlands of Kolkheti it grows only on the
peatlands of Imnati. Plant: Robust but, typically, rather short (in size and
habit rather similar toS. Papillosum. Pale green (though nearly always
with at leastsome flecks of red or pink) to wine-red throughout.
Fascicles: Mostcommonly with 4, occasionally 5, branches; spreading

branches usually 2, blunt; pendent branches thin and pale.
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Branch leaf: The shape is tongue-shaped, in the direction of the acumen,
the ends are bent, in the third part of the leaf.

They are characterized by acute-angled hyaline cells.

Stem: Cortex often lacking fibrils or only faintly fibrillose; outer cortex
with one pore per cell; internal cylinder dark purple-brown ordeep red.
Habitat: Widespread in oligotrophic mires, where it grows usually in
association with S. papillosum or S. capillifolium, as broad carpets or low
hummocks. It is more susceptibleto burning and drainage than S.
Papillosum.

Sph.capillifolium (Ehrh.) Hedw. var rubellum Wilson.It may be
associated with Sphagnum austionii and Sphagnum papillosum forming
spagnum dome. Sph. capillifolium is rather delicate, but variable in
height and compactness according to abiotic factors; capitula well
developed, pale or with small to extended patches of red in its outer
layers (Fig. 3,4).

Figure 3. BranchleavesofSph.magelanicum (acute-angledhyalinecells)
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Fascicles: Composed of quite strongly dimorphic branches;
spreading branches 2, the upper ones rather short, colorful;
Stem: Up to 0.7 mm diameter; cortex of 3-4 layers of hyaline
cells without pores; internal cylinderwell developed, pale or
with small to extended patches of red in its outer layers.
Stem leaves: lingulate; apex broadly rounded-truncatewith
a rather narrow area of apical resorption, occasionally
slightly inrolled; Hyaline cells strongly fibrillose in the
upper half of leaf, at least on the abaxial face.

Figure 4. A) apex and b) leaf of the branch of Sphagnum capillifolium

Sph. capillifolium is a widespread and abundant taxon,
shows considerable variation in colour, habit and minor
morphological characters. Plants: capitula usually more or less flat;
nearly always with red to reddish brown, seldom deep crimson
throughout. Fascicles: not closely packed. Stem leaves: Lingulate,
fibrillose in the upper half; Branch leaves: usually narrowed above to

a more or less tubular apex (appearing distinctly acute). Although this
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species is characterized by large variations in coloration and habitat, it
can be easily distinguished during fieldwork by its coloration and
distribution area.

Sphagnum palustre L.

Sphagnum palustre grows in an ombotrophic environment in
Kolkhetis, while everywhere it is characteristic of a minerotrophic
environment.

Sphagnum paluste (Fig. 5) does not participate in the formation of
the dome and spreads in the buffer zone of the peat bog along the
margin, in ditches, close to the water surface.

Plants: Robust, normally pale green or yellow-brown with a more
strongly colored capitulum varying from red-brown to straw to pinkish,
but never deep red, occasionally the whole plant green (in wet habitats
in deep shade); the capitulum is not colored differently. Fascicles: Distant
orrather crowded; of 3-6 dimorphic branches; spreading branches 2-3;
pendent branches 1-4, pale and thin; as long as or longerthan the
spreading. Stem: typical of the section; outer cortical cells almost always
with spiral fibrils; outer faces of outer cortical cells mostly with 2-5 fairly
large pores; internal cylinder dark brown;Branch: Branchesl5-25 mm
long; leaf length varies from 1.5-3 mm depending on plant propagation
and lighting characteristics. The less light the plant is exposed to, the
larger its branch (3 mm). Hyaline cells: Variable in size but always
relatively wide (20-30 micrometers).

Habitat: This species is widespread in mesotrophic peatlands under
conditions of high acidity. This is one of the species that tolerates shade

well. In the Kolkheti lowland, this species is found on almost all peat
bogs (Churia, Grigoleti, Imnati, Ispani 1 and Ispani 2), and is not

common on the sphagnum peatlands of Nabada.
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Fig.5. Sph.palustre: a) cortexofbranchandleafanatomy; B) Leafattachment

Section Cuspidata
Sphagnum cuspidatum Ehrh.ex Hoffm.

Plants: Mostly medium-size, varying from rather compact
terrestrial forms to very lax, free-floating; The coloration ranges from
yellowish-green to orange, but is never found in red. Fascicles: Closely
set to very distant, with 4-5, rarely 3 branches; Stem: distinct cortex, of
2-3 layers of moderately inflated hyaline cells; Branch leaves: narrowly
lanceolate to linear (except a few at branch base); Hyaline cells: narrow,
abaxialsurface with 1-3 pores.(Fig.7).

Habitat: A common species of wet, oligotrophic sites, where it is
often floating or submerged. It is found mostly in ombrotrophic bogs or
acid fens. It may be associated with Sph. recurvum forma fallax or Shg.
papillosum.

At the edges of open waters in the buffer zone of the sphagnum
peat bogs of the Kolkheti lowland, we often encounter Sph .cuspidatum,
namely on Ispan 2, Churia, and Imnati, which form an association with
Sph. Fallax.
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Fig.6 Sph. cuspidatum Ehrh.ex Hoffm.
Fig.7 Sph. cuspidatum Ehrh.exHoffm.
Transverse branching leaf
Hyaline cells

Sphagnum fallax

This species also belongs to the section Cuspidata. Plant: Medium-
sized, green to mustard-brown, growing in carpets. Male plants may have
a contrasting darker tip to the capitula and spreading branches. Capitula
are usually stellate. Branch leaves are weakly to clearly in straight lines.
Spreading and pendent branches are well-differentiated; the pendent
branches are almost white, appressed to and hiding the stem, about as
long as or shorter than the spreading branches.The stem leaf is more or
less triangular. When dry, spreading branch leaves are conspicuously
recurved.

Habitat: Very common in a wide range of permanently damp or wet
habitats, including nutrient-poor to intermediate fens, and pools and
runnels on bogs.
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Section Subsecunda
Sphagnum denticulatum Brid.
A medium to large species. Plants are green, although in Europe it is also
found in yellowish-brown; capitula is rounded; branches to the capitula
are relatively large and curved; Capsules are occasional; The branch leaf
is large and wide and opens only in the apex part; Fascicles are of 3—4
similar looking branches, sometimes with a fifth vestigial branch.
Habitat: Found in areas of high humidity, markedly acidic and nutrient-
poor habitats, but does occur in habitats that are moderately enriched
with nutrients. In the Kolkheti lowland it is distributed in the peatlands
of Churia, Imnati, Ispan 2 and 1.
Threathened Sphagnum Species in the Kolkheti lowland
Red List of European Bryophytes published by IUCN in 2019 includes
the status of mosses, especially the genus Sphagnum. According to this
list, the status of 7 species of sphagnum spread in the Kolkheti lowland is
as follows: Sphagnum austinii-EN, Sphagnum capillifolium-LC ,
Sphagnum cuspidatum -LC, Sphagnum fallax-1.C, Sphagnum palustre-
LC, Sphagnum papillosum LC, Sphagnum rubellum LC
Ecology of habitat of destribution of Sphagnum species

In order to study the ecological characteristics of the Kolkheti
peatlands, the water acidity and electrical conductivity of the Kolkheti
sphagnum peatlands were studied. The tool: EC -Electric conductivity
was used to study.

A study of the acidity of water in Imnati Pelands showed that the pH
in the upper layers of water of peat bog varies between 4.0-5.5. Electrical
conductivity (EC) was also measured, ranging from 40 to 70 pS at a depth
of 70-100 cm. Both indicate an ombrotrophic environment. The level of
C / N content was also determined. In peat bog, at a depth of 10 cm, it
ranges between 9.8-51.6, which indicates a mesotrophic and oligotrophic

peat environment. The following species of sphagnum grow on Imnati
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peat bog: Sphagnum palustre, Sph. rubellum, Sph. magellanicum, Sph.
austinii, Sph. Papillosum.

Sphagnum palustre and Sph. papilosum are common in the peatland.
The pH of the peat was determined in the range from 4.26 to 5.65, and

the conductivity (EC) of the water in the peat was from 22 to 134 uS cm -
1

Chapter 3. Determination of Antibacterial substance of Sphagnum

species

Juice producing technology. Raw plant material is cut with
laboratory machine — the sizes of cut particles are 2-8 mm. the cut raw
material is wrapped in linen and then put in pressure cylinder. They are
separated with rust resisting steel sheets and pressed for the purpose of
receiving juice. To warm the juice, juice is put in water which has 80-
85°C temperature for 30 minutes and then it is cooled with water. Such
changes of temperature support inactivation of ferments and protein
materials. The sediment is removed with centrifugation. This way clean
transparent juice is produced.

Producing watery exhaustions and water-soluble saccharide material
from dry plant raw material. The exhaustion of research plant raw
material is carried with hot rule at boiling water bath for 2 hours. The
received exhaustions are filtered as soon as prepared. The correlation of
raw material and extragen equals to 1:1 weight part. The exhaustion is
divided into two parts. One part will be used in further research with the
title “Watery Extract”.

From the second part of exhaustion polysaccharide complex is
produced for which exhaustion is thickened in vacuum-rotational
apparatus at initial volume 1/10, in rarely conditions.

The sedimentation of water-soluble materials in particular
polysaccharides is made by adding three times more ethyl alcohol 96%. It

is added regularly in mixing conditions. The exhausted mucous sediment
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is put for some period to rest, the liquid upon sediment is removed with
decantation and the rest mass is dried in vacuum box at 50-60°C at not
more than 7% humidity.

Studying antibacterial activity of research subjects. The research of
antibacterial activity of subjects was carried in Giorgi Eliava
Bacteriophage, Microbiology and Virology Institute. The evaluation of
antibacterial effect was carried via standard protocol using Disc Diffusion
Method — DDM and agar well diffusion methods. Antibacterial activity
will be measured according to existence or non-existence of inhibitory
zone and determination of Minimal Inhibitory Concentration —-MIC. In-
vitro evaluation of antimicrobial activity was carried on the following
crops towards certain set of strains: Klebsiella spp, E-coli, Pseudomonas
aeruginosa, Streptococcus spp, Enterococcus spp, Shigella spp, Salmonella
spp, Enterobacter spp, Proteus spp, Staphylococcus aureus. 2% BH in
Agar cup bacterial greenway was done — 1 ml bacterial crop was put and
separated at whole cup. After the cup was dried 10 mkg research subject
was put on it. The cups were placed in thermostat during 18-24 hours for
incubation.

Antibacterial Activity. The used bacterial strain list with sensitivity
results is given under Table N 1. Sphagnum papilosum -Juce; Sphagnum
palustre- juce; Sphagum rubellum - Polysaccharides; Sphagnum
papilosum — Polysaccharides; Sphagnum papilosum -waterly extract;
Sphagnum  imbricatum-waterly extract; Sphagnum palustre -
Polysaccharides;
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Table 1

Results of the study of antibacterial action

Strain SumpleN

1 2 |3 |4 516 |7 8
Streptococcus pyogenes 2+
Escherichia coli 1+
Enterobacter cloacae
Salmonella typhimuriun 4+
Kilebsiella pneumoniae
Proteus vulgaris 4+
Shigella flexneri 4+ 4+
Enterococcus faecalis
Staphylococcus aureus 4+
Pseudomonas aeruginos;

According to carried research antiseptic substances of Sphagnum
rubellum, Sphagnum austinii and Sphagnum papilosum are stipulated by
polymeric substances similar to spectin — Sphagnan (Table N 1 Sample N
3 and N 6). From research subjects Sphagnum papillosum watery extract
has wide spectrum and expressed bactericide activity. The results of
antibacterial activity research make vivid the prospect of usage

sphagnum in medical practice.
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Chapter 4.Determination of the Chemical Composition of Sphagnum

Species of the Percolation mires of the Kolkheti Lowland

The chemical composition of 5 sphagnum species (Sphagnum
palustre, Sph. papillosum, Sph.capiliifolium, Sph. austinii, Sph.
cuspidatum) of the unique relict percolation peat bog of Ispan 2 was
determined. The content of biologically active substances in the species
was determined by gas chromatography-mass spectrometry (GC-MS /
MS). It was found that sphagnum contains biologically active substances,
such as: esters - palmitic acid, oleic acid, carbohydrates - glucofuranose,
ribofuranose and phenolic compounds.

Research was carried out on 5 Sphagnum species: Sph.paluster,
Sph.  Papillosum, Sph.rubelum, Sph.imbricatum, Sph.cuspidatum.
Therefore, Sph. austinii is a rare species in the world that is sensitive to
air pollution (Allard, 2017), preserved by the pristine percolation
peatland of Spain 2. Determination of their chemical composition and
concern for conservation is crucial to the conservation of species.

The research objects were prepared in February 2016. The
material was taken from different zones (dome and buffer) of the Ispani-2
percolation peat bog of the Kolkheti lowland. The test material was kept
at room temperature for 24 hours, then dried in an incubator (Thermo
Scientific Heraeus) at 30-70°C. The dried sphagnum was broken into
pieces, of which 2 g were placed in a container and methanol was
added.The containers were placed in an ultrasonic bath (mrc) at 30 ° C
for 30 min. Re-extraction was carried out after extraction. Agilent
Technologies 7000 GC / MS / MS Triple Quad was used to analyze
methanol extracts. 1 pl of extract is injected into the injector. The oven is
heated from 250°C to 310°C. The carrier gas is helium. The tube diameter
is 60 m x 0.25 mm (TX-1701).The retention time of ions in a tube
depends on its physical properties. Multilateral processing of the material

was carried out after the development of the mass spectrum.
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16 biologically active substances were detected in 5 species of
Sphagnum (Sphagnum  austinii Sull. (Sphagnum imbricatum ssp.
Austinii), Sph. papilosum Lindb., Sph. palustre L., Sph.cuspidatum
Ehrh.ex Hoffm., Sph. rubellum Wilson.) by wusing the gas
chromatography - Agilent Technologies 7000 GC/MS/MS Triple Quad.
Qualitative difference in the spectrum of substances was found in the
studied objects (Diagram 1). Esther Cis-9-Octadecenoil Acid - oleic acid,
retention time 12.53 and Cis-9-Palmitoleic Acid - palmitic acid, retention
time 11.67 (Table 1, Figure 3) and also, Dimethyl 1,4-
cyclohexanedicorboxylate, retention time 10.32 were identified in all five
species.

Phenolic compound - Methyl 4-O-benzyl-beta-D-xylopiranoside
was observed only in N4 sample, retention time 11.16 (Table 1 and
Diagram 2). Polosaccharide 1,2-Benzenedicarboxylic acid revealed in all
five samples, retention time 9.5 (Diagram 1 and 4). Polysaccharide
Alpha-D-glucopyranoside was detected in all five species, retention time
14.36(Diagram 4).
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Diagram 1. Sphagnum L. ( The sample Sphagnum 1 corresponds to

Sph.rubelum, the sample Sphagnum 2 corresponds to Sph. papillosum,
the sample Sphagnum 3 corresponds to Sph.palustre, the sample
Sphagnum 4 corresponds to Sph. cuspidatum and the sample sphagnum 5
corresponds to Sph. imbricatum) A range of substances of Sphagnum
moss detected by using GC-MS/M. Figures on the diagram describe the
retention time of the listed substances as indicated in Table 1.
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Table 2

Biologically active substances detected in Sphagnum species
using GC-MS/MS.

Retention Chemical name Common name Molecular
time weight
1 8,32 Malic acid Malic acid 134,08744
2 95 1,2- Benzenedicarboxylic Phthalic acid 166.13084
acid
3 10,32 Dimethyl 1.4- Benzenedicarboxylic 200,23
cyclohexanedicorboxylate acid
4 10,53 Glucofuranosa Glucofuranose 220.21974
5 10.62 Myristic acid Tetradecane acid 228.37
6 10.88 D-xylose Xylose 150.1299
11.16 Methyl 4-O-benzyl-beta- Ribofuranosis 254.27
7 D-xylopiranoside
8 11,24 Ascorbic Acid Vit-C 176.12412
9 11.67 Cis-9-Palmitoleic Acid Palmitic acid 326
10 12,53 Cis-9- Octadecenoil Acid Oleic acid 282,46136
11 13,93 3-O-Alpha-D- Turanose 342,29648
glucopyranosyl-D-fructose
12 14,0 Arabinose Arabinosa 150,1299
13 14,23 Glycerol-3-palmitate Monopalmitic acid 330,50262
14 14,36 Alpha-D-glucopyranoside Glucopyranosis 918
15 14.35 Ribitol Ribitol 152,14578
16 16.55 1-(4-Methyl-6-methoxy-2- 425
quinolyl)1'-phenyl-3,3'-
dimethyl-(4,5'-bipyrazol)-
5-ol
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Chapter 5. Active monitoring of air pollution with heavy metals using a
bioindicator - "Sphagnum Bag"
The result of Batumi biomonitoring research
On 2nd of November 2016, sphagnum bags were installed at four pre-
selected study sites. On 17 th of November, samples were removed,
packaged, and prepared for further laboratory testing. Atomic adsorption
studies on 36 heavy metals were conducted for samples taken from all
four sites. The range of different heavy metals was found in the samples
depending on the area and time of year.
5.1.The Result of the Study, Autumin 2017
The study showed that the sample of the sphagnum bag installed on
Gogoli street in November did not contain the following 8 heavy metals:
As, Sr, Mo, Sn, Sb, Ba, Ta, Pt, but 9 elements were in such a small amount
that its percentage was equal to zero. High content of the following
metals: Mg, Al, Si, P, S, K, Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Zr, Ag, Pb was
observed.From the listed 3 toxic element ofUnited Nation highest
concentrationrecordedCd - 2.33 (pg/ml), Hg  6.64 pg/ml, Pb 8.25398
(pg/ml).Chromium (Cr) is highly toxic and carcinogenic (Tchounwou et
al., 2001), the level of which in the sample is 1.7324 ug / ml. (Table 3 and
Diagram 5). For comparison, the results of the analysis of the study heavy
metals in the initial raw material of the sphagnum bag are also given -
Sph. Papillosum Lindb. (Table 3,7,11,15).
Table 3

The result of the AAS analysis of samples taken from Gogoli
Street and Sphagnum Papillosum Lindb. (2016 XI)

Name of Name of sample
elements Sph. Papillosum »Sphagnum Bag”20.11.16
Lindb.
Flow 150 (uA)
elements Showedin % Concentration (ug / Showedin %
ml)
Mg 0.09123 12.15 1.31012
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Al 0.09865 25.05 1.016039
Si 3.33335 386.15 6.49371
P 0.13564 45.02 0.21922
S 1.02054 114.61 1.57203
K 2.90243 549.83129 4.50258
Ca 451141 861.75 6.85041
Ti 0.01895 8.28889 0.020534
\Y - 0.59966 -

Cr 0.00014 1.7324 0.0115
Mn 0.16346 25.49034 0.5285
Fe 2.15161 469.32176 2.87001
Co - 2.13394 -

Ni 0.00532 2.07586 0.00661
Cu 0.02512 21.40651 0.0261
Zn 0.13027 72.42371 0.25331
As - - -

Zr 0.01038 24.32611 0.01432
Sr - - -

Nb - 1.04094 -

Mo - - -

Ag - 2.99841 -

cd - 2.33 -

Sn 6.48 -

Sb - - -

W - 2.68817 -

Au - 1.21736 -

Pb 0.00011 11.51203 0.02334
Ba - 0.48 -

Hf - - -

Ta - - -

Hg - 6.64 -

Bi - 0.01 -

Th - 1.19 -

U - 2.81 -

Pt - - -
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During the atomic adsorption studiesof sphagnum bags taken from Tbel
Abuseridze Street, it was found that 17 studied heavy metals were not
detected or were equal to zero in percentage.Among them, Cd and Hg
are highly toxic. However, higher levels of Pb (10.46483 pg / ml) and Cr
(2.98128 pg / ml) were observed compared to Gogol Street (Table 4 and
Diagram 5). Tbel Abuseridze Street is characterized by high-rise
buildings, congested transport and low ventilation, which led to the

accumulation of lead and chromium with a relatively high concentration

in the area.
Table 4
The result of the AAS analysis of samples taken from TbelAbuseridzein
November 2016
Name of sample TbelAbuseridze XI/16 20.11.16
Voltage 9(KV)
Flow 150(pA)
Elements Concentration (ug/ ml) Showed in %
Mg 7.58273 0.80389
Al 2451883 1.13473
Si 383.8782 6.47472
P 20.39734 0.07101
S 76.88768 1.0389
K 112.41237 0.90152
Ca 1145.70245 9.85005
Ti 10.44676 0.2703
\4 1.30535 0
Cr 2.98128 0.02494
Mn 27.72905 0.54338
Fe 627.96027 3.78859
Co 4.15372 0
Ni 5.13411 0.04135
Cu 245052 0.05078
Zn 128.35247 0.52758
As 0 0
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Zr 25.76621 0.01528
Sr 0 0
Nb 3.32539 0
Mo 0 0
Ag 25.695 0.06662
Cd 3 0
Sn 1.66 0
Sb 0.39 0
W 2.39621 0
Au 1.41265 0
Pb 10.46483 0.01926
Ba 0.25 0
Hf 2.18864 0
Ta 0 0
Hg 3.71 0
Bi 0.07 0
Th 0.54 0
U 0.84 0
Pt 0 0

The following content of the four most toxic elements: Cd (3,43 pg /
ml), Hg (4,27 pg / ml), Pb (8,58129 g / ml), Cr (1,45691 pg / ml) were
detected from the samples of the sphagnum bag installed on Tamar Mepe
Avenue. However, the contents of Cd (3,43 ug / ml) and Hg (4,27 ug / ml)
are so insignificant that their percentage is zero. Pb (8.58129 ug / ml) is
lower than the rate found in the samples of Tbel Abuseridze and Gogoli
street. Cr (1,45691 pg / ml) content also lags behind the results of analysis
of samples from Tbel Abuseridze and Gogol streets (Table 5 and Diagram
1). It should be noted that Tamar Mepe Avenue is characterized by high
ventilation, and there are no high-rise buildings in the installation area of
samples which is an obstructive factor for the accumulation of dust,

exhaust and trace elements.
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Table 5

AAS analysis of samples of "sphagnum bag" taken from Tamar Mepe

Avenue in November 2016

Nameofsample Tamar Mepe Avenue 20.11.16
XI/16

Voltage 9(KV)

Flow 150(pA)

Elements Concentration (ug / ml) | Showedin %

Mg 12.82 1.38

Al 31.32 1.46334

Si 436.17 7.05388

P 24.38 0.09135

S 64.6 0.86523

K 140.30637 1.10202

Ca 1656.54 15.64724

Ti 10.04552 0.25822

\% 1.87537 0

Cr 1.45691 0.00854

Mn 26.59321 0.53583

Fe 795.45773 4.84127

Co 5.75837 0.00277

Ni 2.9255 0.01626

Cu 22.91152 0.03824

Zn 108.43052 0.42954

As 0 0

Zr 40.97229 0.02546

Sr 0 0

Nb 1.2774 0

Mo 0 0

Ag 13.20702 0.02685

Cd 3.43 0

Sn 0 0

Sb 1.78 0.00178

W 1.86786 0
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Au 1.69002 0
Pb 8.58129 0.0143
Ba 0 0
Hf 1.98453 0
Ta 0 0
Hg 4.27 0
Bi 0.27 0
Th 0.58 0
0] 1.12 0
Pt 0 0

The following spectrum of heavy metals: Mg, Al, Si, P, S, K, Ca, Ti,
Cr, Mn, Fe, Ni, Cu, Zn, Zr, Ag, Pb were detected in the samples taken
from Kakhabri Street. Although, this area is characterized by high traffic
intensity. The lead, mercury and chromium content is lower than the
concentration found in the sphagnum bags of the other study objects and
it is also close to the index of samples from Tamar Mepe Avenue. These
two areas are characterized by a high rate of ventilation and low
buildings. Notably, the highest Cd rate (3.96115 ug / ml) was observed in
the Kakhabari street samples compared to all sites (Table 6).

Table 6
AAS analysis of samples of "sphagnum bag" taken from Kakhaberi Street
in November 2016
Name of sample Kakhaberi Street XI/16 | 20.11.16
Voltage 9(KV)
Flow 150(pA)
Elements Concentration (ug/ ml) | Showedin %
Mg 6.68 0.70383
Al 21.99 1.01254
Si 338.48 6.00937
P 18.87 0.06441
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S 73.01 0.98409
K 118.3408 0.94413
Ca 1137.35 9.76181
Ti 8.26359 0.20458
A% 1.40131 0

Cr 1.17602 0.00552
Mn 28.23333 0.54673
Fe 589.19399 3.56412
Co 4.25677 0

Ni 3.59424 0.02386
Cu 22.15016 0.0321
Zn 126.4034 0.51799
As 0 0

Zr 17.42527 0.0097
Sr 0 0

Nb 1.30059 0

Mo 0 0

Ag 13.78778 0.0287
Cd 3.96115 0

Sn 0 0

Sb 0 0

W 2.53282 0

Au 1.25481 0

Pb 8.25398 0.01328
Ba 0 0

Hf 1.99147 0

Ta 0 0

Hg 2.4307 0

Bi 0.10003 0

Th 0.39011 0

U 0.38011 0

Pt 0 0

99




November 2016
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35b5060b 4. 30.5099gM0do | ™36 dgxz0b Aol 5.
b d. 390.

mCd 1.176 3 3.43 2.33
H Hg 2.4307 3.71 4.27 6.64
mPb 8.254 10.465 8.581 11.512

Cr 1.176 2.981 1.457 1.732

Diagram 5. Comparison of the results of the study of Cd, Hg, Pb, Cr in
samples taken at different sites in November 2016

5.2. The Result of the Study, Winter 2017

On February 5, 2017, the atomic adsorption studiesof the "sphagnum bag"
taken from four research sites in Batumi revealed the total range of heavy
metals for all four sites, which consists of 17 elements: Mg, Al Si, P, S, K,
Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Zr, Ag, Pb. However, in the samples
installed on Kakhaberi Street, 2 different elements were found: Sb and
Co, and only Co was found on Tamar Mepe Avenue (Table 7,8,9,10).

The highest rates of Pb and Cr were observed in the sample of Gogoli
Street from four toxic elements (Cd, Hg, Pb, Cr). Data on Kakhaberi
Street and Tamar Mepe Avenue lag behind this. The lowest content is in

the sample of Tbel Abuseridze.

The highest content of Hg was found in the sample from Gogoli
Street. The concentration of samples from Tamar Mepe Avenue,
Kakhabri and Abuseridze streets is constantly lagging behind this. A

small amount of Cd was observed in the sample of Gogol Street, and the
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maximum number was observed in the sample of Kakhabri Street. The

indicators of Abuseridze street and Tamar Mepe Avenue lag behind this

(Diagram 6).

Table 7

AAS analysis of samples of "sphagnum bag" taken from Gogoli Street and
Sphagnum Papillosum Lindb. (2017 II)

Name of Name of sample
elements Sph. Papillosum Gogoli str. 22.02.17
Lindb.
Flow Flow
elements Showedin % elements Showedin
%
Mg 0.09234 12.15 1.31012
Al 0.09982 25.05 1.16039
Si 4.54452 386.15 6.49371
P 0.14743 45.02 0.21922
S 1.45621 114.61 1.57203
K 2.94175 549.83129 450258
Ca 4.62342 861.75 6.85041
Ti 0.09007 8.28889 0.20534
\4 - 0.59966 -
Cr 0.00012 1.7324 0.0115
Mn 0.34361 25.49034 0.5285
Fe 2.43256 469.32176 2.87001
Co - 2.13394 -
Ni 0.00445 2.07586 0.00661
Cu 0.02447 21.40651 0.0261
Zn 0.15643 72.42371 0.25331
As - - -
Zr 0.0048 17.42527 0.0097
Sr - - -
Nb - 1.04094 -
Mo - - -
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Ag - 2.99841 0.0287
Cd - 2.33 -
Sn 6.48 -
Sb - - -
W - 2.68817 -
Au - 1.21736 -
Pb 0.00013 11.60655 0.02377
Ba - 0.48 0
Hf - - -
Ta - - -
Hg - 6.64 -
Bi - 0.01 -
Th - 1.19 -
U - 2.81 -
Pt - - -
Table 8
AAS analysis of samples of "sphagnum bag" taken from Abuseridze Street
in February 2017
Name of sample Abuseridze Street 11/17 22.02.17
Voltage 9(KV)
Flow 150(pA)
Elements Concentration (pg / ml) Showedin
%
Mg 7.58 0.80358
Al 14.25 0.63857
Si 216.22 3.95326
P 30.62 0.13001
S 95.12 1.29658
K 464.11445 3.72969
Ca 681.53 4.94823
Ti 4.44268 0.08956
\4 0.35094 0
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Cr 1.05544 0.00422

Mn 14.77386 0.43991

Fe 223.51748 1.83544

Co 0 0

Ni 2.85868 0.0155

Cu 25.42102 0.05788

Zn 63.65958 0.2138

As 0 0

Zr 6.66704 0.00249

Sr 0 0

Nb 1.1203 0

Mo 0 0

Ag 17.57089 0.04075

Cd 3.13 0

Sn 5.05 0

Sb 0 0

W 0 0

Au 1.98212 0

Pb 6.00955 0.00626

Ba 1.17 0

Hf 2.55377 0

Ta 0 0

Hg 232 0

Bi 0.06 0

Th 0.55 0

U 1.08 0

Pt 0 0

Table 9

AAS analysis of samples of "sphagnum bag" taken from Kakhaberi
Street in November 2016

Name of sample Kakhaberi Street 11/2017 22.02.2017

Voltage 9 (KV)
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Flow 150 (pA)

Elements Concentration (ug / ml) Showedin
%

Mg 12.82 1.38

Al 31.32 1.46334

Si 436.17 7.05388

P 24.38 0.09135

S 64.6 0.86523

K 140.30637 1.10202

Ca 1656.54 15.64724

Ti 10.04552 0.25822

\ 1.87537 0

Cr 1.45691 0.00854

Mn 26.59321 0.53583

Fe 795.45773 4.84127

Co 5.75837 0.00277

Ni 2.9255 0.01626

Cu 2291152 0.03824

Zn 108.43052 0.42954

As 0 0

Zr 40.97229 0.02546

Sr 0 0

Nb 1.2774 0

Mo 0 0

Ag 13.20702 0.02685

Cd 3.43 0

Sn 0 0

Sb 1.78 0.00178

W 1.86786 0

Au 1.69002 0

Pb 8.58129 0.0143

Ba 0 0

Hf 1.98453 0

Ta 0 0
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Hg 4.27 0
Bi 0.27 0
Th 0.58 0
U 1.12 0
Pt 0 0

Table 10

AAS analysis of samples of "Sphagnum bag" taken from Tamar

Mepe Avenue in February 2017

Name of sample Tamar Mepe Avenue 22.02.17
11/17

Voltage 9 (KV)

Flow 150 (pA)

Elements Concentration (ug/ ml) | Showedin

%

Mg 9.11 0.97317

Al 22.28 1.02656

Si 298.24 5.37835

P 36.45 0.16613

S 107.86 1.47664

K 410.128 3.24291

Ca 790.66 6.09942

Ti 7.71955 0.1882

\4 0.61815 0

Cr 1.35855 0.00748

Mn 20.77285 0.49715

Fe 464.05574 2.83952

Co 1.68813 0

Ni 2.46302 0.01101

Cu 21.67064 0.02823
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Zn 68.00236 0.23338
As 2.54088 0.02171
Zr 20.99301 0.01208
Sr 0 0
Nb 1.51753 0
Mo 0 0
Ag 5.62232 0
Cd 3.04 0
Sn 0 0
Sb 3.28 0.00757
% 0 0
Au 1.26287 0
Pb 7.54254 0.01105
Ba 0.35 0
Hf 1.88266 0
Ta 0 0
Hg 5.79 0
Bi 0.15 0
Th 1.13 0
U 1.79 0
Pt 0 0
2017 §§ ovgdgMzsero
1 s - - -
39bodMOL . @)B.Si‘l{?;{)@o 83((;)218)0; 3. 3M3M0b d.
mCd 3.43 3.13 3.04 2.33

Hg 4.27 2.32 5.79 6.64

Pb 8.5812 6.0095 7.5425 11.606

Cr 1.4569 1.0554 1.3585 1.7324

Diagram 6. Comparison of Cd, Hg, Pb, Cr study results in samples taken
at different sites in February 2017

106



5.3. The Result of the Study, Summer 2017

A range of 17 common heavy metals was detected at all four test
sites as a result of the analysis of the samples of "sphagnum bags" taken in
May 2017. Only in the sample of Abuseridze Street, one more element
was observed - As.

Kakhaberi stree sanples 3,53 (ug/ml), 0,3(pg/ml)-less thet at Tamar
Mefe av 3,23 (pg/ml), at Gogoli street - 2,73 (pug/ml) and less
concentration was at TbelAbuseridze street 2,071 (ug/ml).From four toxic
element (Cd, Hg, Pb, Cr), high concentration of Cd was fixed at Tamar
Mefe av 3,87 (pg/ml), less the 0,43(pg/ml)- at street - 3,44 (ug/ml), Tbel
Abuseridze - 2,88 (ug/ml) and at Gogolistre2,05189 (ug/ml).The highest
contents of Hg (5.99552 pg / ml) and Pb (10.274545 pg / ml) were
observed in Gogoli street sample, and Cr with the highest concentration
(1.66566 pg / ml) was detected in the samples of Kakhaberi site in the
spring of 2017. It should be noted that the lead content was found to be
low in areas with high levels of ventilation, such as Tamar Mepe Avenue
and Kakhaberi Street (Table 11, 12, 13, 14 and Diagram 3).

Table 11
AAS analysis of samples of "sphagnum bag" taken from Gogoli Street and
Sphagnum Papillosum Lindb. (2017 V)

Name of Name of sample
elements
Sph. Papillosum Gogoli str. 23.05.17
Lindb.
Flow Flow
elements Showedin % elements Showedin %
Mg 0.89322 11.23 1.20815
Al 1.23844 33.24 1.55611
Si 5.35789 514.67 8.35261
P 0.12456 44.16 0.21389
S 0.76847 72.59 0.97816
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K 2.88250 410.53238 3.24656
Ca 9.99876 1307.67 11.56105
Ti 0.12547 10.21513 0.26333
\% - 1.25011 -

Cr 0.00008 1.47466 0.00873
Mn 0.41365 23.08947 0.51255
Fe 2.78953 590.66873 3.57266
Co - 2.30102 -

Ni 0.00870 2.52201 0.01168
Cu 0.00954 19.43935 0.01022
Zn 0.17324 74.67239 0.26345
As - - -

Zr 0.00678 30.96316 0.01876
Sr - - -

Nb - 1.30603 -

Mo - 1.28303 -

Ag - 11.14667 0.01964
Cd - 2.05189 -

Sn 1.20111 -

Sb - - -

\'Y - 1.90506 -

Au - 0.83094 -

Pb 0.00007 10.27545 0.00196
Ba - 0.18017 -

Hf - - -

Ta - - -

Hg - 5.99552 -

Bi - 0.1101 -

Th - 0.74068 -

U - 1.80166 -

Pt - - -
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Table 12
AAS analysis of samples of "sphagnum bag" installed on Abuseridze Street in May

2017
Name of sample Abuseridze Street 23.05.17
V/17
Voltage 9 (KV)
Flow 150 (pA)
Elements Concentration (ug / Showedin %
ml)
Mg 10.55 1.13278
Al 32.96 1.54258
Si 502.76 8.15556
P 45.55 0.2225
S 71.93 0.96883
K 309.36477 2.33435
Ca 1427.01 12.95455
Ti 9.34817 0.23723
\ 0.7157 0
Cr 1.27048 0.00654
Mn 22.59063 0.50923
Fe 607.69863 3.67127
Co 2.25084 0
Ni 3.30347 0.02056
Cu 19.28735 0.00899
Zn 94.69748 0.36195
As 1.64776 0.00257
Zr 26.62365 0.01585
Sr 0 0
Nb 2.41663 0
Mo 0 0
Ag 11.5266 0.02116
Cd 2.88 0
Sn 3.13 0
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Sb 0 0
W 1.663 0
Au 0.84653 0
Pb 8.01699 0.01254
Ba 0.88 0
Hf 0 0
Ta 0 0
Hg 459 0
Bi 0.1 0
Th 0.51 0
8] 1.25 0
Pt 0 0
Table 13
AAS analysis of samples of "sphagnum bag" installed on Kakhaberi
Street in May 2017
Name of sample Kakhaberi Street V/2017 | 23.05.17
Voltage 9 (KV)
Flow 150 (pA)
Elements Concentration (ug / ml) Showedin %
Mg 5.35 0.55641
Al 25.01 1.15846
Si 310.69 5.57358
P 17.81 0.05984
S 49 0.64476
K 158.15134 1.2303
Ca 1127.35 9.65617
Ti 8.74748 0.21915
\ 0.80964 0
Cr 1.66566 0.01079
Mn 15.72373 0.46042
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Fe 523.75434 3.18519
Co 2.80884 0

Ni 2.723 0.01396
Cu 20.62267 0.01977
Zn 79.9947 0.28959
As 0 0

Zr 12.05912 0.0061
Sr 0 0

Nb 0.8865 0

Mo 0 0

Ag 12.38261 0.02422
Cd 3.44 0

Sn 1.73 0

Sb 0.13 0

W 2.21892 0

Au 1.13458 0

Pb 499529 0.00308
Ba 1.79 0

Hf 2.41716 0

Ta 0 0

Hg 2.34 0

Bi 0.05 0

Th 0.34 0

0] 0.32 0

Pt 0 0
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Table 14

AAS analysis of samples of "Sphagnum bag" installed on
Tamar Mepe Avenue in May 2017

Name of sample

Tamar Mepe Avenue
V/17

23.05.17

Voltage 9 (KV)

Flow 150 (pA)

Elements Concentration (ug / ml) Showedin %
Mg 9.81 1.05076
Al 14.04 0.62842
Si 227.53 4.19254
P 31.41 0.1349
S 124.73 1.71506
K 228.99447 1.73953
Ca 1983.4 19.67444
Ti 8.1426 0.20094
\4 0.51529 0

Cr 2.01919 0.01459
Mn 15.03135 0.44547
Fe 309.44783 2.14022
Co 2.1727 0

Ni 3.20255 0.01396
Cu 21.469 0.0266
Zn 60.2086 0.19825
As 0 0

Zr 16.69807 0.00921
Sr 0 0

Nb 0.74274 0

Mo 0 0

Ag 27.72784 0.07309
Cd 3.87 0

Sn 2.57 0

Sb 0.09 0
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W 0 0
Au 1.83091 0
Pb 4.6365 0.00196
Ba 0 0
Hf 1.87654 0
Ta 0 0
Hg 1.93 0
Bi 0.07 0
Th 0.24 0
8] 0.68 0
Pt 0 0
May 2017

1

30.5019M0doL  Mdot 980l

39bsdOOL J. 5 250, 330l J.
mCd 3.44 2.88 3.87 2.05
HHg 2.34 4.59 1.93 5.99
HPb 4.995 8.017 4.636 10.275
Cr 1.6656 1.2704 2.0191 1.4746

Diagram 7. Comparison of the results of studies of Cd, Hg, Pb, Cr in
samples taken at different sites in May 2017

5.4 The Result of the Summer Research in 2017
As a result of the analysis of the "sphagnum bag" taken from the

test sites in August 2017, a spectrum of 18 heavy metals was detected in
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three sites, and as a result of the analysis of Kahaberi street, less than one
element was detected.

From four toxic element (Cd, Hg, Pb, Cr), high concentration of
Cd was fixed at Kakhaberi stree sanples 3,53 (pg/ml), 0,3(ug/ml)-less thet
at Tamar Mefe av 3,23 (pg/ml), at Gogoli street - 2,73 (ug/ml) and less
concentration was at TbelAbuseridze street 2,071 (ug/ml).The highest
concentrations of Hg (4.23 pg / ml) were found in the samples of Tamar
Mepe Avenue, Cr (2,7532 pg / ml) in the samples of Abuseridze Street,
and Pb (10,27545pg / ml) in the samples of Abuseridze (Table 15, 16, 17,
18 and Diagram 8).

Table 15
AAS analysis of samples of "sphagnum bag" taken from Gogoli Street and
Sphagnum Papillosum Lindb. (2017 VIII)

Name of Name of sample
elements | Sph. Papillosum Gogoli str.. 25.08.17
Lindb.

Flow Flow
elements Showedin % elements Showedin %
Mg 1.67588 21,36 2,29588
Al 0.50132 14.4 0.64582
Si 5.24754 350,14 6,19222
P 0.10567 33,37 0,14704
S 0.87954 112,85 1,54716
K 2.99868 533,3534 4,35401
Ca 5.12563 779,71 5,98375
Ti 0.11354 6,09387 0,13926
\% - 1,02824 -
Cr 0.00011 1,12709 0,00499
Mn 0.40278 24,38977 0.52119
Fe 1.78689 279,37113 2,03355
Co - 0,53224 -
Ni 0.00467 1,98363 0,00556
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Cu 0.00978 21,5092 0.02692
Zn 0.15768 55,32871 0,17625
As - 1,79901 0,00581
Zr 0.00234 10,20922 0,00486
Sr - - -

Nb - 1,27055 -

Mo - - -

Ag - 9,88667 0,0146
Cd - 2,73 -

Sn 0,57 -

Sb - 0,47 -

W - — -

Au - 1,87413 -

Pb 0.00015 7,91705 0,01222
Ba - - -

Hf - - -

Ta - - -

Hg - 4,02 -

Bi - 0.15 -

Th - 0.87 -

U - 2,33 -

Pt - - -

Table 16

Results of AAS analysis of "sphagnum bags" installed on TbelAbuseridze Street

Name of sample TbelAbuseridze Street 25.08.17

VIii/17
Voltage 9 (KV)
Flow 150 (pA)
Elements Concentration (ug / ml) Showedin %
Mg 12,23 1,31448
Al 11,35 0.50848
Si 223 3,94264
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P 31.52 0,13868
S 110,85 1,51864
K 415,68 3,39194
Ca 680,27 5,21767
Ti 5,2691 0,12039
A% 0,02321 0

Cr 2,7532 0,01211
Mn 25,6845 0.54862
Fe 348,4231 2,533
Co 0,42311 0

Ni 1,23568 0,00345
Cu 21,5092 0.02692
Zn 62,2458 0,19794
As 2,0237 0,00651
Zr 12,2457 0,00582
Sr 0 0

Nb 1,22012 0

Mo 0 0

Ag 8,8578 0,01307
Cd 2,071 0

Sn 0,42 0

Sb 0,71 0

W 0 0

Au 1,32871 0

Pb 10,2578 0,01579
Ba 0 0

Hf 0 0

Ta 0 0

Hg 3,76 0

Bi 0 0

Th 0.78 0

U 1,64 0

Pt 0 0

Table 17
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Results of AAS analysis of "sphagnum bags" installed on Kakhaberi Street

Name of sample Kakhaberi Street VIII/17 25.08.17
Voltage 9 (KV)

Flow 150 (pA)

Elements Concentration (ug / ml) Showedin %
Mg 6,28 0,66568
Al 20,55 0.92146
Si 320,69 5,75297
P 18,9 0,63502
S 52,2 0,68686
K 221,2574 1,72120
Ca 1215,23 10,4088
Ti 7,8341 0,19626
\4 0,702362 0

Cr 1,502311 0,009731
Mn 17,72321 0,51896
Fe 507,7234 3,08769
Co 2,51832 0

Ni 1,97263 0,00545
Cu 19,23441 0,00958
Zn 80,6792 0,29206
As 0 0

Zr 10,20922 0,00486
Sr 0 0

Nb 1,14023 0

Mo 0 0

Ag 11,23861 0,02198
Cd 3,53 0

Sn 1,22 0

Sb 0,17 0

W 1,29127 0

Au 1,12145 0

Pb 7,78705 0,00480
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Ba 1,24 0

Hf 0 0

Ta 0 0

Hg 3,05 0

Bi 0,11 0

Th 0.23 0

U 0,33 0

Pt 0 0

Table 18
Results of AAS analysis of "sphagnum bags" installed on Tamar Mepe
Avenue
Name of sample Tamar Mepe Avenue 25.08.17
VII/17

Voltage 9 (KV)
Flow 150 (pA)
Elements Concentration (ug / ml) Showedin %
Mg 12,77 1,37898
Al 32,31 1,50959
Si 422,11 6,82649
P 31.52 0,13868
S 57,23 0,76651
K 135,30678 1,06275
Ca 1780,23 16,8155
Ti 8,03521 0,20654
\4 1,88237 0
Cr 1,55247 0,0091
Mn 24,6835 0.49735
Fe 882,44721 5,3707
Co 4,23137 0,002
Ni 1,2245 0,0068
Cu 21,5092 0.02692
Zn 102,2218 0,40494
As 0 0
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Zr 39,23147 0,02437
Sr 0 0
Nb 1,20012 0
Mo 0 0
Ag 8,8578 0,01307
Cd 3,23 0
Sn 0 0
Sb 0,52 0
\'Y 0 0
Au 1,42131 0
Pb 8,87259 0,01478
Ba 0 0
Hf 1,23543 0
Ta 0 0
Hg 4,23 0
Bi 0,24 0
Th 0.52 0
U 1,17 0
Pt 0 0
August 2017
1

$0.5099L9M0dol | MToM Igz0L

39bodMb J. J 250, 30300l J.
mCd 3.53 2.071 3.23 2.73
m Hg 3.05 3.76 4.23 4.02
Pb 7.787 10.257 8.872 7.917
Cr 1.5023 2.7532 1.5524 1.1271

Diagram 8.Comparison of the survey results of Cd, Hg, Pb, Cr in samples
taken from different sites in August 2017
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To create an overall picture, we calculated the total concentrations of
the four most toxic elements in the samples taken from the study area
and included them in Diagram 9 for comparison.

From the diagram 10 it is visible that content of Cd is almost constant,
nut little bit upper them content from Outumn and Springyggeos The
maximum rate of Hg was observed in winter, relatively less rate in
autumn. It has the lowest rate in spring and summer. Pic of highest
content in Outumn of Pb, lowest in Spring.Cr was detected at similar
concentrations for three seasons, with only significantly lower rates
observed in winter.

The following concentrations of heavy metals were detected in the
samples taken in February 2017: Pb (8.43 pg / ml), Cd (2,98 pg / ml), Cr
(1,4 pg / ml) Hg (4,75 pg / ml). It should be noted that the highest
concentrations of mercury were observed in winter.

Samples taken in May 2017 showed the lowest levels of heavy metals:
Pb (6.98 pg/ ml), Cd (3.06 pg / ml), Cr (1.61 pg / ml), Hg (3.71 pg / ml).
In May, the average monthly precipitation was 74 (mm).

In August 2017, the following values of heavy metals were found in the
samples: Pb (8.71 pg / ml), Cd (2.89 pg / ml), Cr (1.73 pg/ ml), Hg (3, 76
pg / ml) (Diagram 9).
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Diagram 9. Concentration of elements (Cd, Hg, Pb, Cr)by seasons
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5.3. Comparison of the results obtained with the maximum allowable
concentration (MAC)

It should be noted that according to the law of Environmental
Quality Standards approved by the decree of the Ministry of Labour,
Health and Social Affairs of Georgia (Decrees Nos. 38/N of 24.02.2003),
the average daily maximum concentration of cadmium (Cd) is 0.0003 (mg
/ m3) (‘hazard class 1), mercury (Hg) - 0.0003 (mg / m3) (hazard class 1),
lead (Pb) - 0.0003 (mg / m3) (hazard class 1), chromium (Cr) -0, 0015 (mg
/ m?3) (hazard class 1). If we convert the results of the study to mg /1, we
get the following (Table 19)

Table 19
The results of the study converted to mg /1
mg/1

Metals Cr Pb Hg Cd
Period

2017 VIII 0.00173 | 0.00871 | 0.00376 | 0.00289
2017V 0.00161 | 0.00698 | 0.00371 | 0.00306
201711 0.0014 0.00843 | 0.00475 | 0.00298
2016 XI 0.00184 | 0.00973 | 0.00426 | 0.00318

It is known that 1 mg /L = 1 ppm and this data can be converted to mg /
m? using the following formula developed by the Environmental
Protection Agency (EPA) (Terrie et al, 2006) : Y mg/m3 = (X
ppm)(atomic weight) /24.45. Where, ppm - is the metal content
expressed in the sample in mg / 1, atomic weight - atomic weight of the
metal, 24.45 - constant value. Then, using the above formula and taking
into account the atomic weight of the respective metals (atomic weight
Cr = 51.9961; atomic weight Pb = 207.2; atomic weight Hg = 200 592;
atomic weight Cd = 112 411) (Michael et al. , 2013: 11), we obtain the
weighted concentration of heavy metals (1 m3), which is as follows (table
20)
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Table 20
The results of the study converted to mg/m?

mg/m3
Metals Cr Pb Hg Cd
Duration

2017 VIII 0.00368 0.0738 0.03085 0.01328
2017 V 0.00342 0.0591 0.03043 0.01406
2017 11 0.00297 0.0714 0.03896 0.01370
2016 XI 0.00391 0.0824 0.03494 0.01462
MAC 0.0015 0.0003 0.0003 0.0003

Comparing the results of the study and the maximum allowable
concentration, it was found that the content of chromium (Cr) exceeds
the maximum allowable concentration for all seasons by an average of

2.33 times, the content of lead (Pb) exceeds 236.26 times, mercury (Hg))
112, 65 times, cadmium (Cd) 46.38 times (Table 20. Diagram 10.).
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Diagram 10. Comparison of the concentration with the maximum
allowable concentration observed during active biomonitoring in the
atmospheric air of Batumi in November 2016, February, May and August
2017
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Conclusions
According to research:
Systematic, anatomical-morphological, bioecological and
pharmacochemical research of Kolkheti lowland, genus Sphagnum
species was carried out. The characteristic features of the sphagnum
study species have been identified and described, which are important
for the identification of them, especially the simillar species.Visualization
of less visible species signs to the naked eye was performed using a
binocular microscope;
As a result of the study of the acidity of Imnati and Ispan water, it was
found that in peat, in the upper layers of water, the pH is in the range of
pH 4.0-5.5, and at a depth of 70-100 cm it is in the range of 40-70 pS.
Both indicators indicate an ombrotrophic environment. The acidic
aquatic environment provides an important service to the habitat of the
Kolkheti spotted peatlands.
The content of biologically active substances in 5 sphagnum species of
the percolation bog Ispani 2 of the Kolkheti lowlands has been studied by
gas chromatography—mass spectrometry (GC-MS). As a result of research,
16 biologically active substances of 3 classes (esters, phenolic compounds
and polysaccharides) were identified;
Samples taken from different zones of the peat bog (buffer and dome
zones) showed a qualitatively similar composition of esters and
polysaccharides. There was a difference in the content of phenolic
compounds, namely: the phenolic compound Methyl 2-O-benzyl-4-D-
xylopyranoside was found only in Sphagnum cuspidatum, which is
adapted to high water levels in the buffer zone;
In the area of Batumi, during all four seasons of the year, biomonitoring
study of atmospheric air pollution with heavy metals was carried out
using the so-called "sphagnum bags" of sphagnum species;
Studies have shown that the most favorable average precipitation for

adsorption of heavy metals from atmospheric air is 40.81 mm, and the
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temperature is 11.5 ° C for the "sphagnum bag". During the seasonal
survey in Batumi, the highest concentration of heavy metals in the
atmospheric air was observed in autumn;

According to studies conducted in Batumi air in 2016-2017, the average
concentration of chromium (Cr) exceeds the maximum permissible
concentration by 2.33 times, the content of lead (Pb) exceeds 236.26
times, mercury (Hg) by 112.65 times cadmium (CD) 46.38 times;

The cheapest research method is the study and biomonitoring of
atmospheric air pollution by heavy metals using the so-called “sphagnum

»

bag”.
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10.

11.

12.

Recommendations:
1. A systematic inventory of sphagnum species is recommended.
2. To obtain biologically active substances (phenols), it is recommended
to use Sphagnum cuspidatum, which is common in the buffer zone.
3. It will be recommended to introduce a “sphagnum bag” as a bio-
indicator of atmospheric air pollution by heavy metals in other cities and
regions where major infrastructure projects are being implemented (for
example, Kulevi, Anaklia).
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