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Kamgma — M.: 1960; B.H. Ilomymanos, M.H. Mucaps, 2015.). 99039600 odbs wmsbeglio
06335300l FgLsdsToLO M553039d0.

1. 9299930560900l  MHom©gbmds  4obloBMzMMEo  0dbs  3395MOGHM  Ag@HBY

bbgoolbgs  LyYMMHO0IL Mmoo  BobxgdoEsb. Qsdmmzwowo 0dbs  Mosbmzbmdol

Xy ...t X,
B5395¢m LOEOEY) BIOTNWO: x n B3 X Bo8vgomem 5GomBgEH03Mos, X1, X2
Q5 5.0.- ®MEgbMdsms 3609369 ™ds, n - bodbMwms MoMmEgbmds.

2. fyerol 899339 mdol 256LsBM3MS bEgdm©s 60dMTob godmIMH™Mdom 3wl 50-60°C
3993965@M5D7 (L55MBOGHMSM FgNMO). 560N FgoMEO YoBmoygbgds 0g3bol,
b030L ddMIFm3zMHgd0ol, Mbgebgdermgdol, gowd3gbsrggdol, saMgmag dosmdo [fo®mdmgdmwo
fyeob 999339 mdOL oLsygbsc MOCT 7636-85

(https://docs.cntd.ru/document/1200022224?marker =7D20K3).

3. 3653360 IM3z5b0bgm IS0 dgomom - 550-600°C t-Bg IMxgerol 0mdgedo.
3960LsBZMS boMoL 3OME9bEHWWo 903390 mds fmbomo Igmm@on.

4. 3bodo gsb3LoB3M0 LerdbergEol Jgomm@om. 4sabLbgmsE gsdMm30Ygbgo Janmem-
3m©3do, 9JuEHMoggool boby®Mdwozmds ogm 24 Losmo. 3bodol MomEgbmds 2s6olsHL3M
Hmboomo dgommeoom (J. Chem. Educ. 2007. Vol. 84, no. 12. P. 1913 - 1914).

5. 3o 2963L5BM3Mgm 3900l IJNMPOM. MOoMEIHMBdS Ao6OLIBOZMS BHoGM™Mwo
dgomeoom (0. A. 3omorosa. 2004. T. 2. 503 c.).
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https://docs.cntd.ru/document/1200022224#7D20K3
https://docs.cntd.ru/document/1200022224?marker
https://ru.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%BE%D1%82%D0%BE%D0%B2,_%D0%AE%D1%80%D0%B8%D0%B9_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%B8%D1%87

6. 65HI0MHYgd0@IL  2obgLoBzMm LogOomm FodMgdol T9I339WMds  35WO0RIMO-
305600 9MEO0m, OHMAOoMSE bmEMETo 0lsDBOZMOS Moz30LwGsWwo bsbIoMfyegdo.

7. 39309 256L5DW3OMWo 0dbs 99dBHOMIYGEHOMEO S5EHMINE-53LMOMHDE0ME0 B3gJGEM-
d9BH®o0m, dglodsdolo dgomO3ol godmygbgdoom (MYK 4.1.986-00) Pb 0,10 dy/32

+U0,0309/33.00.6. 56M5m39@ gL 0.33y/39.

8. ©@M0dbsbo  2sbLsBW3OMmo  0dbs  9FGHMIMG-50LMMBdGOMO  13gdEHOMIGEBHMOL
305830310 309939300 (5Ombo-95B0) TOCT P 51766 - 2001 dgoom030L gs8mygbgdoo As
0.2705 93/33%.00.6. X = 5,0 93/3%.

9. 35080130 @sblsBYZOMWOo 065 5EHMIME-5dLMOMD30MEo B3gdEMmdg@®mol MUK
4.1.986-00 8900m©030L 259mygbgdoom Cd 0,5779 93/33%.c0.6 X =1,0 83/3.

10.  b3ogbdob 899339 ™mds  TgLfogerowo  0dbs  WHdMEOBHMM0530  5GHMINO-
3OLMOd30MEo B3gdBHOMIgEHMom MUK 4.1.991-00, Cu 1,1685 83/33%.c0.6 X = 10,0 83/33.

11. 3gduodarm®dEozerm3gdusbo - Thermo Fisher scientific method 63899 dgmmozol
dobggom< 0,0029y/3, b.c0.3< 0,0020y/32.

12, ©©@ ©5 dobo 39BEedmeodgdo - Thermo Fisher scientific method 63899 - < 0,007
9%/32, Loog 35839699 9o< 0,00289/32 D030 ©ilsd390 3MbB39bGH®SE0sL HotrBdmoygbls
Q5 < 8563969090 58390 Bg 653093l 60dbogL.

330930L 990093900l 56semobo
5653 M3 YbMdM0Z30 39950096 mdOLS s dBoMBsLOL

3319300 99093900 9530 BL30L Lodsr39emUL sbsdo®mm Bemewols
9335H™MM0580 (d501930-5653¢005)
L5YM39W MO (36Md0WO0s, MM Fysebo@gzgdol Laeghom 30OHMdOMEEJOOL ToMog0l
39935b9d0Lomgol  36003bgwmgzsbos oo MoEbmgbmdols @S  B0MTSBOL  AobLsbLZGS

339000530 9GO0l BoOOMdDY.
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B39bL o9 Bo@oMgdmo 33eg30L 3MMm3gbdo 9em-9Mo JoBbs s3zoLIbgm Togo
B030L LoJoOMZIWML LEBISOMM BMEIOL 5335GHMM0500 (050)F0-5653W0) Fo3MEILYIIO
30 - 565MSL MOEBMZbMOOLS S BOMTSBOL gobloBE3GS.

L5056 M FsLOEgdOL 5MB-0m3t39d5L 39bIbOom [fobslifo® FgMBgme LEsEzombotrmen
Mdbgddo: amboml, dsmmdol, Bogzol, d(3969 3mbabol, Jmdmergmol, gmmob, sbszerools
90059m900L B30l Lsbs3oMHML Lb3ssLb3s LoMMTGLS S LeBMboL dobgwgom.

Bo@omgdro  33eg30Lb 890093900 ©IGIWIMIE 0oL faddmygbowo  sw3grwo
=360l Jobgz00 Jguodsdol bMOwgdLs s 3Mm9x3039080 (3bM. 1-8), Losg bosmers RbL,
M0 965l MHoEbmzbmdols ((39w0/d?) s domdsbol (g/d?) sB39690w9d0 FoW3gwErO
Mdboby s FgLodsdolo LoEMmdggdol Jobg30m, M8YbsTg 2sblb3939d0s. 2oblibgoggds
500b0dbg0ds, saMgmgg, ULbgoolbgs dml - 2016, 2017, 2018 {ergddo dm3mzggdmwo
dsboEgdoLY S BYBMboL dobgzom.

3Ly BoQ9w0MO@, 9bs3ool Msombdo (3b®.1) 2016 ferol dsolol ™39do  s©gdvE
Lobxgddo, 20-30 dg@®ol LoMMIGHY IBOJLOMPS SBIWIMIL CoMPIbMds 15 (3900/3* by,
00mdsbod dgop0bs - 1,85 ¢/d% 30-40 393HMob Lo®IYHY IBOJLOM©S 15-22-104 (35¢00/32-By,
00mdobod d9o0bs 8.1-17.4-137 (30¢00/3%  40-50 39BHGob LowMdgby sxzodloMEs 7-59
390/d?, domdsLod dgoyobs 0.7-16,5 /3% 2017 {ieol mgdgMm3eols doboergddo 10 dgE®ol
LoE®AgBY sBOJLOMmS 11 FoW0/B-Bg, doMAsLy ogm 2,5 ¢/8% 3Gl ™39do 7 JgEHMoL
LoE®3gHBY sRoJLoMES 31 (35¢0/3%-DBY, dBoMIsLs 99096 1,95 3/3%-U; 2018 Ferols dsobol
™3980 20 d9EHMob LoE®mdgHBg soMoiEbs 24-39 (35¢00/3?%, doMIsLod Tgoaobs 3,25-38,7 o/d*-
9.

390mygbgdmwo Rl MLIbs30L Vanveen 0m©YoEsb 298m3gbscyg, bs330L RGO
0,135 b&F -05 5 9qLsds3oLo K=7,4 . o0mm3eol 3mgn03096E0E dgladsdolass boB3z9bgd0
3b®obs (1) s aMe303%g (1) .

A.inaquelvalvis ®ogbmgbmdols (06¢/3%) s domdsbolb (/0% 096sRIOMdS sBs3ools
50mb3do Lbgoolibgs BYHBMbLS s LoM®MIYbY.

gb®owo 1
A.inaquelvalvis ®5mq9bmds (06/3?) s 30mIsLs (3/d?) sbs3mool Hsombdo
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Lobyolb N dsobo, 2016
Lo®Jg,d 935, 390 3 930/ /02
I 20-30 2 0.025 15 1.85
II 2 0.03 15 0.22
I 30-40 14 18.5 104 137
II 2 1.1 15 8.1
111 3 2.3 22 17.4
I 40-50 1 0.005 7 0.37
Lo®Jg,d 930, 390 2M 930/ 2M/0?
I 20-30 2 0.025 15 1.85
II 2 0.03 15 0.22
I 30-40 14 18.5 104 137
II 2 1.1 15 8.1
111 3 2.3 22 17.4
I 40-50 1 0.005 7 0.37
I 8 2.2 59 16.5
111 6 0.5 44 3.61
v 6 0.3 44 2.14
09096350
2017
I 10 1 0.2 11 2.5
536oo 2017
I 7 2 0.12 31 1.95
dsolo 2018
I 20 5 0.41 24 3.25
II 20 5 4.9 39 38.7
40
30
20
: H_ -
s0bo 2016 m0)gaee0 2017 36600 2017 ds0bo 2018
abszemos

©0565351.A. inaquelvalvis ©520gbmd0LS ((35¢00/32) 5 30TsLob (/8?) M9BsBIMOMDS
365300L Ho0mbIo Lbzoalibgs LyBMbLs s Lo®MIg by
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0905609800  domoo  35B39690wqd0  500bodbs 33569 3mbEbol Moombdo (gbe. 2).

39bLO3MPMGd0® Foo0s MoMmEIbMdM0g0 sb39690gcwo 2017 Herol ™md@madcmol ™30l

dsbogngddo 3-5 9gBHMoL  LoPEIOLMZOL, Lssg  9b65IML  sLELEGdOL  LodFoEM™39a

89500065 100-600 3oc00/d%, d0mdsbod 30 - 0.04-84 9/32. sbscrmao®o IymBsdgmds ogm 2018

Paoob 036olols @s 1gdGHgddeol dsboergddo 2-3 FgEHMob LoMIgHyg, 3960dME, S65IMSL

oLObEgds 996 104-346 (30000/3%-Bg, d0oMBsbs 3o - 0,24-34 9/3%-U.

gbc®oo 2
A. inaquelvalvis ®5000960s (0600/8%) @5 domsbs (3/8?) dfzsby 3mbEbOL Msombdo
Ibgoslibgs Lgbmbls s LowMIg by
Lobyxol N 03b0bo, 2016
Lo®ady, d 0b, 300 3 0bqo/d? 2/0?
I 5 1 0.02 11 25
mgd@mddgmo 2017
I 5 3 0.0001 120 0.04
II 3 1 0.145 100 14.5
II1 5 6 0.841 600 84
v 5 4 0.001 120 0.04
03bolo 2018
I 2-3 10 0.99 34.6 34
I 2-3 3 0.4 104 13.6
b9d@9ddgeo 2018
I 2-3 3 0.007 104 0.24

39-2 26059303%g 6563969005 A.inaquelvalvis Mom@qbmdols ((35¢00/3%) s d0omdsbol (/d?)

0565835MmM0ds (3569 3mBEboL Gsombdo Lbgoslbgs Lybmbls s LowMIgby.
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300
200

100

ogbobo2016

1'-'»_‘:_"‘5_’-}1'-'»_1"_]?_\::'1‘-"”1 Ziﬁ'l’}':\\lr:] JM l-:'{j;]:'{-}‘P:E:["H‘PI}{"Z“]_E{

by &gddg o 2018

©OoaMs0> 2. A.inaquelvalvis ©5m©gbmdols (35¢00/3%) @s 00mAsLol (/%)  09BsBIOMBS
303569 3mbibols HsombIo bgsolibgs LgHBMBLS s Low®mdgBy.

LodMom GoEgbmdMmogz0 8s639690wgd0 IBOJLOMES Bogzol Fosdmgddo Lbgsolibgs

LoE®dgbBg (bG. 3). 10 Ig@®ol LoEMIGHg Iz0JLOM®

24 (350/8?-%g, 00mIsLOd 30

9950090065 3,25 /3% 20 39BHMob LoMIgDY soMoibs 31 Fowo/d?-Bg, dBomdslsd dg5y0bs 7,3

3/0% 40 393HM0oL Lo®AHBY osRoJloGMES 8-31 (35¢0/8%, d0MBslsd 1,9-7,7 /32 Ggo0bs, 55

39G®0bL LoEMIYHY 30 500MOEbs 16-39 (35¢0/32, dBOMISLED 25,7 — 56,5 ¢/3? Fgo0bo.

gb®owo 3
A. inaquelvalvis ®ogbmgbmds (35¢00/8?%) 5 30mBsls (3/d?) Bsggol
500b6do Lbgsolbgs bybmbls s Low®ay by
Lbow®dy, d dsolio 2018
0bc, 300 o (35¢0/0? /&
10 3 0.41 24 3.25
20 4 0.9 31 7.3
40 1 0.23 8 1.9
40 4 0.97 31 7.7
55 5 7.17 39 56.5
55 2 3.3 16 25.7

dg-4, 09-6, 99-7 @5 99-8 sbMowgddo FoMdmygboos A.inaquelvalvis MoEbmgbmds

(390/8%) @5 d0MAsLs (/0%  JMdMEgmOL, gmbomb, dsmdols s bLYBLOL Imbs3zgmgddo

bbgoolbgs LyBMbLY s Lo®AYbHY.
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gbc®owo 4

A. inaquelvalvis Gogbmgbmds ((30¢00/3%) s domTsls (3/3?) Jmdmengomols Gsombdo

336000, 2016

Boe®dy, 9 0b, 350 2 GOW0/d? /0
20 3 0.25 3 25
8s50L0 2018 k=787
10 34.9 8 2745
20 4 0.09 40 0.5
40 51 0.3 401 2.3
40 34 0.1 268 1
gb®owo 5
A. inaquelvalvis ®0ogbmgbmds (30¢00/8?) 5 dBomBsLs (3/d?) gmbomls
s3Moero, 2016
Lo®™adg, d 0b, (390 3 (39¢00/0? /0
20 7 0.49 55 3.9
mgd@mddgmo 2017
20 | 1 | 0.148 10 1.48
dsolio 2018
10 8 1.34 63 10.5
40 17 15.8 134 124.2
40 19 0.29 150 2.26
60 1 1.5 8 11.9
L9d@9ddgeo 2018
7-8 10 0.1 346 66.6
gbdowo 6

A. inaquelvalvis ®ogbmgbmds ((30¢00/8%)qs domdslss (3/0%) dsorvydols
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09996350, 2016

Loe®dg, 8 ob, goeo 2 390/ /0
20 2 0.004 20 0.04
53600, 2016 k=20
6-7 1 0.013 20 0.25
9500, 2018 k=7.87
10 3 2.32 24 18.3
44 1 2.48 8 19.5

20 1 1.9 8 15
10 4 3.1 31 245

gbc®oo 7
A. inaquelvalvis Gogbemgbmds ((35¢00/82) s domAsls (/%) Lrygbols Gsomb3o
s3Moero, 2016
Low®dg, d 0b, goero 3 390/ /02
3 0.207 24 1.6
2 0.0001 200 0.01
3bGoo 8
A. inaquelvalvis ®ogbmgbmds (0600/8%) s domslss (/%) Bmool Gsombdo
09996350, 2016
Loe®dg, d 0b.3owo 2® (dW0/d? o/
20 1 1.5 10 14.9
3ds0bo, 2018

40 1 0.02 8 0.16
40 84 0.3 661 2.17
60 7 0.15 55 1.19
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99-3 36M55303%Bg sLobwmwos A. inaquelvalvis Gogbmgbmds (0b/d?) LodoGmzgarmls

99030l bbgoslbgs ®sombls s Low®mdgHy.

400
350
300
250
200
150
100

50

A.inaquelvalvis ®ogbmgbmds (0b/02)

Lads@mggemb dgerazol bbgoabbgs Gosd@bgdls s

Lo®d990bY
—_— - I - - o -
2-200 20-400 40-600
Hibazeros  Hdsmvdo ambom amono  ERijzo  BEjmdmegoo B g6 30bzbo

©053®305 3. A.inaquelvalvis ®50g6md0LsS (35¢00/32) Logsermnggaml dgergol bgswslibgs

50mbLs s Lo®MIgBy.

A. indfuelvalvis Bomdsls bagsGorggeeml garesob bbgsmalibgs Gsombydbs s bowm®aggdihy

45
40
35
30
25
20
15
10

5

0

W ba30000
Hdy0rmdo
acbowm
ROINO

W By330

H 3. 3mbbo

W Jmdoyengmo

domdbs g 8/39

©053™5035 4. A.inaquelvalvis d0m3sbs (/%) LodoOM39w ML Jgergzols bbgsolibgs

(50mbLs s LoE®IgBY.

DomImep9gboo 330930l d900939d0L 9650 Bol boggmdzgadg Mbs 900bodbML, GHMJ

A3 965l BoMmgbmdMH030 F9ds0bemdol FgoMgdom domsero dsB3969dgdo

©sx30JboMEs (3569 3mbEbol, mboml, Jmdmumgmol s Bmmob Jgegzol 5335EHMMH0gd0L

©®ds ywgddo (3bMowgdo 2, 4, 5, 8). 390dm, d(3:69 3mbEbob s335GH™M0sdo 3-5 dg@col

LoE®3qBY soMmoEbs 100-600 35¢0/3% JMdMgmOL 5335¢MM0530 20 -40 d9E®oL Low®mdgHy
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- 31-401 (35¢00/0% gmbomb Hs0mbdo 7-8-40 d9@®ol Lo®mI)bg sBoJLoM©s 134-346 (35¢00/8%
RMDOL 5335@MM05d0 40 dg@Gmol LoMMIgby - 661 Fowo/d*

9009090 89092900 bs 50bLBSL 0dom, HMA 53 ©d6xdTo BE30L fywrols oGm0 0bMdS
3905609000 BES00MIMH0S S 0go 89590 14-18 3GMmTorgls.

500603bs 0653035 LOMTOLY S BsMHOWOIBMBOL dobg30m. F90dwgds Q5dM3339MM
565Q5MSL 2930391900l MBYgdo Fgeaols @S MYR0Mmbol dobgz0m. sOLYdIMWO 33W930L
390929000056 2590306569, ©93500bgm, MM 565l 2o363gEgds Fo3 B35d0, 30639
603d0, ©s3M300090990s FYwol doM0osbmdsBy. 39MHIM®, Losa bogergdos dobstmgqdols
39300965, 0g 5656l 3930 93933 0s6M0 50IMBBS.

39050900 5o 35839693900 IBOJLOMES 9653000l dosmmdols @y BodzoL
mdbgddo (sbMowgdo 1, 3, 6). s0bodbmwo Jggao 396306H™MdYdIMWo Mbs ogml B30l
Pgaolb 856:0056md0L 999300900m, o3 odmf399wos 8obsdg FmGmbol, Bsdzobfiywols
5 9637960 BsdMbsgbo 836560 fywol aozargboo.

3bmdowo0s, MHMI  ImElzo  9bsIMS  TgBHo  FMdbmdosmgs  Bezol  fywol
35M0WO0sbMBOL (3390905 MBOL  F0TsM s LS3TsMmE  FYMOS  HgoTo  5obgdsOl
0993390Md0L  (335¢2905@MO0L  J0ToO®.  9b65IMY, MMIMOFG FOWEGHMIGMEMO, YN0
P9gaol mMsbmwo bogmogmgdgdom 93 FY0sbgdols dodsMrmog. sdgbs, 0go dgodwgds

90Bbg M 0465L 2563399 06@035@MMo® ol batrobbol sagbolsm3zob, sligzg, Mbos
500603bml, ™I 030 25603399 fows©, dmbsfogmdl fywwol sFmFyosbgdol dmbgdmog
030095(d960b 36m3gLdo.

5000965, 9BV BroMmEobMdMOg0  T93vygbermdol  dmigdmee  3s5B39698gdbY
©YMHbMdOm, 0Mbgs350 356353900 FEYMTIMYMBOLS Fow3grIe ©9d5630, Bg0dwgds
0535033600, MHMA 565G 530 BEZ0L  LEBsZOOM  BMEIOl  5335GMMOOL  BoMRWGdTO
590096599 LGOI MOMBOM bolosMEYds WS FoLo Lv3dom MEIBMBOL FoGrogo 0deg3s 0dols
d9L5dgdMBSL, T 30530dO M0 Job FoMTMYdS-533539 GO0l 6YMAZ5DY

565005M5L 30mIgEHO0E0 565¢0BO
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0939569 EIL 353MIO0MBS Ym39eg LBHI3EMdL 535 ) 00 MMYBOBAL, MM
39900ggbml 030, MMAMOE Bs33900L  seBHYMbsBHOMWo igo®m. Bods®mgguml LsbsdoMm
Bmob d39bmsedo dmd0bs®g 30OMB0MBE 565065l (A. Inaquelvalvis) Dmds - fmbolb 3mg-
1303095630 ©M9dg FgmUHogwgwos, 5353 2o9mofj30s B39bo @H0BEHIMGLGdS. 5©0bodb-
@osb o8mIEobstrg, doBbo s30LsbYD 965EMILLLYMEIOL doMTgEHMOIEmo SbsE0DBO,
(oMo 93393005 dolo fmbomo oMmYOMEds. 3B0JOMIM, 58 MZoELIBOOLOM, 00
9ma3399L  LELOMYJOM 0bBMMTo305L @S 5506OL 1533980 B3DOL I35 RGHM369d0L
DM 965G BodoMmm3z9wmdo  ©s09330MJOL Mo30L  sAOWL 33980l MoEoMbdo,
MMPMOE ©J035¢guO.

Lo BoMEIHMB0™ Bsboerol FgaMm3zgds dmbgdbs domMdol Lsbsdo®mmby 2018
Perol Bbmgddmol mzgdo Degol 4-5 d35¢0sbo 930l EOML. 5T OML F5TMOMOYS @S
39360305 ©9bEMgdom 10 30Mma™msdo bgsolibgs BMAoL Bsbogns, Meds bgwo dgagzofiym
9600836903560 330930l BoloGoMgdws.

353900l BMTo-fibols 4oBLOBOZMS ABbMOE0gw@s FgLlsdsdolbo dgommozoom (B.H.
Kagma — M.: 1960) 0,0019 s65¢00bmM0 LOBMYLEOL gegdBHO™bMo LELHMOOL (GHMEIIMHO
dsby) 493mygbgdom. yzgwrs 999amdo odmm3zeobmzol godmz09ygbgm LogMdols s fmbol
Lodmom 35839690900,  ImelizgdL  3oxAINRIOEOM  Dmdomo  3wsbgdol  dobggzom.
29bLsBOOMWOo 0dbs F98ga0 3d3Mmby6EJd0: 5) BHMGHow Mo fmbs; 8) Bogo®ol fimbo.

J4390m» §o6Imygboer aM5930390Ls s 3bMogddo obbowos bgeo fmbol
(0melizol  §mbs  Bogo®slomsb  gMmo©)  ©ITIMZ0IdIMYgds  bbgmeol  Loa®dglomsb
90356MHmgdsdo. 39MdM, PGB0 0dbs s TmMob 3OMEIBEGHWWo Msbsgsmomds.(B.H.
[Tonxymanos, M.H. Mucaps, 2015; Todorova, V. and Konsulova, Ts. 2005.) 9gLsdsdolo
9900039008  dobgz0m 93009 MG gOMNBsomo bmdol 10 gaBHgddwosmo,
OMIgms Bodwmom bog®mdg 52-75 93-U 99500996, G353 LTS M, 48.4 93 T9oy0bs
930933w0s6Bg.  MoMOMgMEo  gaHga3e0s®mol  LogMdgl 3BMBsz30m  FBobygbrstyol
153590000 s 3PMboEOm GergdBHOMMbM LELHMODY (OMIgEoa 500 A66dsdg Hmbol).

51939, dgLfogeowo 0dbs bmGmEol ffmbols («bogs®m dmermlizol) sdmM30YdMEdS
Bog560l LogMdglmsb 8085 gdsd0. MOMMYME0 JoHg830sMOL brmMEo sdmMgdwo 0dbs
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605960036 o sfmbowo  odbs  @goe-3ow39, GOl Logmdzgarbgis  dgygboero  odbs
593000939 gdol 3563969090 3bHowo s 4M9x303900, GMIWIGOBIE FM(399M9W0s
56505651 (Anadara inaeqiuvalvis) Bm3s-{imbomo M0G0 gds (3b6.9; ©05y6.5,6).

3bMoo 9

A. inaquelvalvis lbgugeool LogMadol sdm30gdaegds bgumemol by §ebsliorsh s
beOEol §mbsliorsb

LogMdg, dd Bgmo fmbs, b6 ol §mbo,g
54 43.6 18.2
59 45.2 15.6
53 41.2 17
52 43 16
58 51.1 22.9
49 32.6 13
51 27.4 8.5
75 35.7 13.5
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Lodmom 39% 895000069, B3 doe0sb 3603369 m3560 Loogs 3 BOHILOMEO Bmdol
39%9326000L5M30U.

B39b0 330930l 90093900l ©IILEHIMGOOL FoBbom, 08039 356539EHMJdOL TgLfogers
39635bmemE0gmgm 3093 9OH®  353IMM05Dg - 930609 DmIol  gaHgaddw0s®mgdHy. oI
090mbgazodo  dmnmlizgool Lodwmomm Bmds oym 35,3 89, bogotmosbo Lbgmeols fmbs
095009960 11,64 9 -, begwem bead ol §mbs - 4,62 g -b. 53 Dmds-Hmbomo ©sdm30wgdmwqdol
365¢0BoLOL 498M3w0bs, GMI Tgbfiogero 9gaHgd30sMHGOL SHILOSMGIL MRGM 35@SMS
bmds ©d 99Mg00m Mbgwo bogoMs. 8909303 3obLlbgeg9dMEo 9dmMBbs. ™Yy oo
BMdgd0L 35450000 Bg BMIs/HMbOL MobsxzsM©Mds 0ym 5/4, 53 Fgdmbggzsdo gl dsh39b90go
095099600 3/1, 5699 30639 dgdmbgzg3s80 ogm 83%, dgmMgdo 3o - 32,3% (3b6.10; osy6.
8,9).
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feabsbs s bmdEol febsliosb (9306 Bmdol 9aB983¢0s6Hgd3d0)

Log®dy, 33 Bgogo §jmbs, @ b sob §embs, g
32 11.3 5,1
34 10.6 4.4
35 12.8 6
35 8.7 2.5
36 11.7 5.4
36 12.3 4.6
36 9.1 2.7
36 14 4.9

36.5 11.4 5,1
36.5 14.5 4.4
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bedEgol  fmbol  0obogs®mmds. 3300930l Jggpo 80©gdMwo  0bxgmMTsE00sb
39030669,  FgMowol  dowosbo  Bsbosb  2oblsBW3OMIo  0dbs  LobaMygdem
300 396GHMwo 3m980309563G0. ©IEYH0bEs, BMT Lsdmswmmo Lbgrmol dsbol 39% bmOiby
dmob, M3 Bo3dsme Fo®awo 35B396989w0s.

36500651 dOMY3MEMY0EMO 336930l F9ga900

3530 D300 LodsMmz9geml Jgezzol bsfowro Bs3dsm© OISO S IMZ5WRIOMZ560
096MbOHO  MmMR60DBTJPP0Mss  EILOLEIGOMED,  MMIgwms  Fgdoygbgero  Lobgmdgdo
Lbgoslbgs ©sdM30009099gdol 5M0SE 2o6Mgaml §3MEMAO0MMHO 30OHMBYdOLs©TO. 58 FbGO3
39bLogMMgdom 86003690 m3z5605 Fomo TN  3MB3IMYEHMEo  LEdObsEM™
5Q30ol, 531390l bbgzosolbgs AMMBEBHOL LEMMIGHMOOL FodsMo s Jobosh sdw9gbody
3obUb35390  93MWMAOMO  OXRYMBIOSL. OMIgwms 89950039690  30OHMBdOMEE OOl
LobgMdGd0 BOMEMPOMMOE IM535¢dBEOO3 35330MT0 5M0SD JMMNTBJNMB s Jdbosb ghm
d005bMdL, 9aMgHmgdmE Fyswbo@ggol 09bmaols 56w dgbmmBsmbols domEgbmbL.
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09ol5393990L  3000MOMBOMbE™s 439ews 93MEMYOMMO XaRoL LobgMdgdo 9E-bs3w9d0
509bMd0m  dMbsFogmdIl gdMEmdlb dom3gbmBgdol LEHMMIGHWEOOL Fgddbsdo o

39633999 O SLGMEgdgb oldo d0dE0botg dom3mM39L9ddo.

50b0dbMo 30omEgbmBoL gMm-gMmo dom3ma3mbgb@os mGMLLyEME0sbo dmelizo
365005695. LHimeMg, s80@Mds3 30Bbs sgolsbgm, 4533963305, 0399 Mo 5SEHOWO F0MmS3L S
Mo ML SLGMEOL 0go 950bodbmwo dom3gbmBgdol LE®WJEHOOL 99Jdbsdo. s0dmBb.,
I Inl30 56500005 15305 BIODMM® SOOL 493390 gdY0 BodsGmzgwml 30 Dw30L
99xz0b  93353™M05d0 (3b6.11). m3m3z90meo  Fobogrol FobBMmYsmgdol Loggmdzganby
990039600  0dbs  B9bMBsMBol  Lobgmd®ogo 993 gbermdols  (3Meg35¢3gMHM36900L
LogMomMm b0d) @S 953MgmM3g LEbgMBdsIMS B3MPIBMIOLYS (35¢0/32) s Fomo domdsliol (y/d?)
gb®owgdo.

B39bL FogH 33900 dobogrgdol dobgz0m Bs33wgzo Mvombgdol: dsomvwdo,
bmz3bs, RO s 965300l Josdmgddo dgernol Lbgoswalibgs Low®dgdo (5-508) dmelszo
96500569, bbgs 30MHMOOMBEJOOLOYIL 2oblibgo39d0m, Y39wgsb MHOL 493039 gdmero. sl
dobo  x3Mxnol  FoMIMIoy)begdmsb bloMms ©mB0bsbEGHMmo dymTscmgmds M FoMogl.
56500565 256L53MJO00 FRoMMM 3MOL 93039 JdYo b3S 30MHMBOMEEJOMID ghms©
565300l 30sdMmgddo B30l dgbmMIErol  Lbgsslbgs Low®dgdo (10-500) (gbé. 12).
506036 Md56do dolo BomM 493039 gds ©96s 50bLBSL 0dom, MMA 565300l 3OMEEOL
LEAHOMIGHMOS bbgs Md6gdMsb gsMgdom 9o ™53019399M0s. 00 JEPMIPO LoD -
93036560 @5 sdosbo aMmbEHom M0l Fomdmoygbowo, Moz Lomzgmgbm boabmzmgdgwo
3960995 56500MLM30L, LooE 0g0 d0bIPOMBL BofoEmdMog Boxwrme dEyMIscgMdsdo.
LHmG9, 906086mwo a@mbEobsdo (35d039G0L) sIM30GIMYgdom Bb3s 30OMdOME-
AHPOsb gMmo© Jdb0sb L3gE0R03ME 93MEMAOMO EIXYZINBIOJOL - BLOWIMBOEME 56
39WMBo6O  DmmEgbmBIOl,  Momog bl MmMmGdIME 5ROl 03539096 dgbmsEOl
00 396mBol LEGHOMJEGOOL d9ddbsdo. sigg9, 5LBOTBZ305 0L GodE0, M 565G, MMyMO3
ROWAMIGMM0 5 1YE0IIBEIGHMM0, 03390905 00 dOoMYI6IMHO Bo3MOIMHGdYdOm, Mo3 Mb3s®
5ol 30bsMg00m h5dMbEBOL 905090 Mdsdo s Bb3s BowEHMIGMMGIME ghmo
9dmbsfogmdl  {golisoGgzol sFFgosbgdremo figeols domermyomMo mz0mysHdgbwols
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360Hm3qldo.  53@gbs, 965IMS 5T  MZOELIBOOLOMOE  J9MIZIM  OMEL SOVl
D9gols3g30L domEgbmBol bEGMJEHOMOL dEYMIsmgdOL T9bseBMbgdsdo.

5060360 3omEgbmbol LogHmm dom3mmEdgool 99Jdbsdo 5Bl Howol s
Mo 2obLoBMZOHOLIMZ0L Bo@s®mgdIemo 0dbs Moo 33¢93900 Jgegzols bbgsalibgs «dbol,
d9L50530bo  LoEMTYYdOL, 51939, Lb3oILLIZS MMEEHOL 306MHMdYdT0. FoblsDBE3MMEo 0dbos
bbgoolb3s 30OHMBOMBEHMB §OHMO Fom0 MHIMOYbMOMH030 T35y Mds - oldbgdy,
L0830EOMM3g  (35Wo/d?) @5 doMAsLs  (3M/3?). Tggado  FoMmBmygbowos  Fglsdsdol
35M0wgdd0, LBooE by BBL b3S 30MHMOOMEEJOMID 9B oo LogMmm ©o
39390 dom3gbmbol  dgdmbgzgzsdo.  ©oEYobs, MHMI  dsmo  fowo  Lo3Tom©
035¢LoB0bMS. Moo (396Mmbgdol G9dmbggzsdo Aol §599Y3560 - ©M0BIBEHWEOO FymMTsMgmds
39305  ©5m©IbMmdMm030 s  domAsLol  Jooo  FsBg9bgdwom.  98gbs©, 9B
960036903560 @00 35305 BOZ0L doMmEgbmBAo s MLYdIOD OHMEL  SLOYICGIL
LogPomm  dom3OHMmEJaool  894dbsdo. ogo  FmbofoErgmdl 96939  OFMFYosbgd e
Pgobo@g399do fyarolb 8693030 M30mYs(AGbEOL 3MM39LT0. 3L, 565G FoMdma-
396L B3390l  Lbgoolbgs  3bM39EoLmZ0L.  39M©s  5©0bodbmEols,  IMeg5¢BIOMZSBO
LoloMYYd M 603m0xMgd9d0L 899(3390MdOL 5™ 565MS  Fgodegds 25dmygbgd o odbgls
500530560b 153390505G.

3530 D30l LodsMm39wMmb Fgezz0l BMEEOL 5335GMEM05d0 O30 (39egdIo dmel30l
- 96590l 30MY3MEMYO0MMO0 IEYMIIMJMIOL BRSO FgxsLgdoL FomdmboBgbs 49b30bo-
WMo 3309308 990093990, Mog dLobmos 3bOHowgddo, GMmdwgddos [oMImpygboeros
30OMI0MBGHMS  MoMm©gbmdMH030  F5B39690qd0  Lbgoolbgs Low®dols @s  MbEOL
306Mdq0do.
gb®owo 11
09600mgBsmBol LsbymdM0Z30 39050 0bemds Bd3geg3 MGoombyddo

Lobgeads 533930 H30mbgdO

do0mdo | bemyxkls | Bemo | 96530
10-200 | 17-223 | 5-160 | 10-500

NEMERTINI

27



1. Cephalothrix sp

ANNELIDAE

Polyhaeta

1. Aricidae cerrutii Laubier, 1965

(=]

o

-+

2. Anicistrosyllis tentaculata Treadwell, 1941

3. Amphitritegracilis ( Grube 1860)

4. Exzogene gemmifera Pegenstecheri, 1884

7. Harmothoe reticulata Claparede, 1870

8. Heteromastus filiformis ( Claparede 1864)

9. Micronephtys staumeri Augener, 1932

10. Mysitides limbata (Saint-losiph, 1888)

11. Mellenna parmata Grube, 1869

12. Magelona pailicornis O. F.Muller, 1858

13. Magelona minuta Eliason, 1962

14. Nereis zonata Malmgren, 1867

15. Nereis succinea Leuckart, 1847

16. Notomastus lineatus Claparede, 1863

17. Nephthys cirrosa Ehlers, 1868

18. Nephthys hombergii Audouin et M.-Edwards, 1834

23. Paraonis gracilis Tauber, 1909

24. Paranois fuigens Lebinsen,1883

25.Polydora ciliata Iohnston, 1838

+ OO+ |+ | OO OO0 |+ |O|OC |+ |OC|OC|O|+

O|OC|C|+ | OI0C|CO|CICIC|C|OC |+ |+ |C|+ |C|+

O+ |©C|+ |+ | QOO C|C|O0O|O0C|OC|OC|+|C|C|OC| O

+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ |+ ||+ |+ ]|+

26. Prionospio cirrifera Wiren, 1883

o

o

27. Olygoaeta sp.

TENTACULATA

Bryozoa

1. Membranipora denticulata Busk, 1884

Phoronidae

1. Phoronis euxinicola S-long, 1907

ARTHROPODA

Crustacea
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. Ampelisca diadema A. Costa, 1853

. Athanas nitescens Leach,1814

. Balanus inprovisus Darvin, 1854

. Brachinotus sexdentatus Risso, 1827

. Callianassa pestai De-Mann

. Callianassa truncata Giard et Bonnier

. Cumella pugmae euxinica Bacescdu, 1950

. Clibanarius erythropus Latzeilla, 1818

OO IN([ U | WIN|—

. Diogenes pugilator Roux,1828

10. Gammaridae sp.

11. Upogebia pusilla Petagna, 1792

OO+ | OO OC|O |+ |O|O|O

OO |+ |+ |C|+ OO

O+ |OC|+ | OOC|C|+ OO

+ |+ |+ |+ |+ |c|lo|o|+ |+ |+

MOLLUSCA

Gastropoda

. Cylichina variabilis Milachevitch, 1909

. Cylichina strigella Loven, 1846

. Cylichina robogliana Fischer, 1867

. Citharella costata Pennant, 1767

. Ciclope donovani Risso, 1826

. Odostomia pallida Montagu

. Parthenina intarstincta Montagu, 1803

. Proneritula westerlundi Brusina, 1900

OO IN|N U x| WIN|-—

. Retusa truncatella Locard, 1892

10. Tritia reticulata Linne, 1758

O+ | O+ | O|+ | OO+ | O

OO0 |I0C|+ | O OC|OC|C

O+ | ©COIC|IOC|+ | OO+ |C

+ |+ |+ [+ |+ |+ |+ |+ |+ |+

Lamellibranchiata, S.Bivalvia

1.Arca tetragona Poli, 1795

+

o

+

+

2.

Cerastodermaglaucum Poiret, 1789

o

o

o

3. Anadara inaequivalvis

4.

Chamelea gallina Linne, 1758

5.

Lentidium mediterraneum Costa, 1829

6.

Lucinella divaricata Linne, 1758

7.

Mactra corallina Lnne, 1758

8.

Metilaster lineatus Gmelin, 1790

9.

Metilus galloprovincialis Lamark, 1819

10. Pitar rudis Poli, 1791

+ | o|oc|o|+ |+ |+ |+

+ | o|loc|o|+ |+ |+ |+

+ | |l C|QC|OC|+ |+ |+

+ |+ |+ |+ |+ |+ |+ |+
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11. Spisula triangula Reniari, 1804 + + + +
12. Thracia papyracea Poli, 1791 + 0 0 0

d9-11 bGowdo dm3gdmwos d9bmMmRBIMbBoL LobgmdMogzo 9dsygbermdol Logmom
Loo, Gog Bs3dom 3M535¢BIMOM3bgd00 ML HoMdmygbogro. e MgyoLEMOMGdMEo 0dbs
58-0g ULobgmds. o TmEOL M350 x9MM3bgdom 498moMmBgzs FMO35ERM060  Grym-
wm3sb0 F0gdo (Polichaeta) — 23 Lobgmods, sl939, dmermizgoo (Molusca - 22 bobgmds, 9999
dmob 308mLbsoMgdo (Crustacea) — 11 Lobgmdom. HmamGE 3bOOoEsh BsbL, s0bodbmwo
3000MHMd0MbEHJIOL Lobgmdgdo 93)-b53egds@ 50056 4936ME)EgdMEo d3mAoL, Lgliols s
RMmoL d0sdMmgddo. sbs3ool (10-50 3 LoE®mdgbyg) d9gdmbggzsdo 30 dgbmswol momddol
4395 Bobgmdsds M90LEHMOMYOME0. Mo3 d99bgds ImEliz 9BsEIMSL, 030 Y39wAsb sGOL
39303399390 - d50¥)dol, LRLOL, BMMOL S 965300l MB¥67IdOL FoMOMYPdN 939
Lbow®dgdo.

565300l 153393 Lo MBY Lb3zsslbgs LoM®MIY)d0L sMgdo 0dbs 5 Lobyo;
dwsdob, Iwsdosbo Lorols s 6ogo®M3b69d0L  LBBLEGMSEH0b. Toborols ©sd)ds39d0l
399092 Lobx ol Fo3OMBMMBIbPMLOL HOEbM3bMdd s dBomdslsd dgoyaobs (EbG. 12) 16255
0Bco/8? s 2911,1279/82.

3b®owo 12

A.inaquelvalvis 5m@96mds (06¢0/0%) 5 d0mdsls (/%) s6s3eosls Msomb3do

2016-17-18 G
8530mdbmmbo Bivalvia A.inaquelvalvis
Lbow®dg LBLEEHMOGO
gowor@ | VY o | YT | 6000/ |
149 | 8580560 Logws 220 63,115 120 60,345 10 0,005
178 | 8ewsdo 3120 114355 | 2590 | 1089,71 180 261.0
189 | 8emsdo 200 3,735 50 1.618 20 0,681
198 | Bogs®mgsbo 7320 | 828,985 | 7150 812,85 170 297,5
200 | 3sB0s60 Lo 5395 871,742 | 5065 840,36 40 386,3
%500 16255 | 2911,127 | 14975 | 2804.883 | 420 | 945.486
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14 9 LoEMAgHg Jwsdosbo Loerol LMBLEHGIGHO, MOEbM3bMdS s doMAsLy oym 220
3owo0/8* s 63,115 /8% 5Jgsb 120 gowwo/d? s 60,3453/8% MmOl MOLLRWIEC06
dmes390H9 (55% s 96%). 50bodbmo  LMBLEBHMIGHOL  ILLbEIGdI0 9B
©ogbmgbmds s domdsls ogm 10 3oeo/d* s 0,005 /3% o3 MmOLIYME0569d0L
060003000900l 8%-U s d0mdslols 24%- 950096s.

17 39¢®0oL LoMIgHy BoJLOoMYdIMEs Fsdosbo LMBLEHMSGHO, GMmIwol  To3MMRBs-
w60l MHoEbmzbmdsd s domdslod Fgoyobs 3120 3oo0/d? s 1143,553/8%, odgsb 2590
3owo/d* s 1089,71 /8> dm@olL  MmOLIYOWWosh dmermlizgdbg (83% s 95,3%).
MOLOY0560 FMWM139d0@ID 965l 93360l MomMddol 0bozogdol 7% o
d0omdsbob 23%.

18 8 LoE®IOWIB >VgOdME Lobxdo, Lssg LWOLEHMIGHO Twsdo FoJLoMPYdMOS,
00 396mBol 8530:MDMMdIbPMLOL MoEbm3bmdsd s d0Mmdsled dgoaobs 200 35¢0/d? @
3,735 /3. 5d9s6 50 (35¢00/8* s 1,618 9/3? B3Ol MOLOYOME0sD F393DY, M5To3
095009065 M0o3Ebmzbmdol 25% s d0mdsbol 43,3%. MmOLIRYosbo ML 390000
56536l 9393608 Momddols 40% (0,68106¢/8%) 0b0300090Bg s 42% (0,6819/8%) domAsLo.

19 3 LoE®MIOWID 50O Lobxdo (bogs®M3zsb0 LWBLEHMIBHO) doMEgbMmbBOL o3Bm-
Bmdgbnmlol ®oEbmgbmdsd s 30mBolisd Fgoy0bs. 7320 35¢00/8* s 828,985 /0% 5J9sb
7150 0bg/d* s 812,85 ¢/d? dm©OoL MOLIYOWMW0sD TmErMlizgdby, 5353 99500
oEbm36md0L 98% s d0MTsLol 98%. MmMLOY 060 FMErMI3900096 565EML 93360l
©omgbmdsd 2% (170 3oer0/d%) s 37% (297,52/3%) domdsls 9o 0bs.

20 9 Lo®IOESIL SPVIPIMWo  Lobxo, Losg ULMOLEH®SGHO Twsdosbo Lo
1304LOMEIOMPS, B0MEIEMBOL Fo3OMBMMIGPPPMLOL CHOEbM3bMdT s dOMIsL4d Tgoyobs
5395 (30¢00/8? o 871,742 /8% 5J9sb 5065 000/d? o 840,36 9/8? dcaol MmOLoywosb
dmM1390Dg, 3353 3OM3IbGHMo© 94% s 96,4% Tgopobs.  MmOLsMwosbo
91390056 96505653 F95000b5 MromMm©gbmdol 1% (40 (39¢0/8%) ©s doMmdsbols 46%
(386,3/32).
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909358605, O™ doe0sb 860936903560 ALxgEMmdol Lyxdzgwl 435dwg3l xS5O
dmbs399990 Lb3zsslb3s Lo®MAoLS s FMHMBbEOL G030l dEYMI>MGMBNPID 8MmIPObIE.
by 15330930 BOAMMOL - 56530000l d0Mm(396MBOL  GHOEbM3bMdsd s dBoMTslsd Fgo0bs
16255 (30000/8? @ 2911.127 9/3% Loosbsi 14975 3000/d? oo 2804.883 /32 (92% o 96%)
MOLOYOYW0s60 FMEM3900s. domo 3%-34% IMEOL b5IMDY (420 35¢0/3* s  945.486
/).

653 9996905 MLz 965 M30LMOMO3 s MOMEIbMdMOZ ol LsgHmm s
3M63609@M 30mEgbmHgddo, by3dsm© 9603369 M35605, M3 49B30MHMBYdMOs 0dom, MHMI
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General description of the paper

Actuality of the scientific topic. Marine organisms are of great importance in the process of

self-purification of water from various contaminants. They take various elements from sea water
and collect them in their body. Mollusks play a special role in the water self-cleaning system.
bivalve mollusks are filters whose participation in the cleaning of reservoirs is related to their
nutritional characteristicsMollusks feed on water-weighted detritus and microplankton
(unicellular water-plants, bacteriums, and very small animals) by means of a complex eyelash
mechanism located near the gills and mouth. They filter the mineral balance from the water and
large food particles. Mollusk-filters can be used in activities related to the protection of the aquatic
environment from pollution.
Mollusks are bilaterally-symmetrical animals, their bodies are non-segmented. The shape of the
shell is triangular-oval. The shell, which consists of two parts, is known as the valve. Mollusks
tend to be less mobile, and some are more realistic. Mollusks, as a rule, tend to have a less movable
habit, and some of them are characterized with an immovable character. The soft, skeleton
deprived body of most of them is placed in the shell. Mollusks are dioecious, some are
hermaphroditic. Reproduction is sexual. Most mollusks breed with eggs. Some species are
viviparous. Most of them live in the ocean, sea, fresh-water, relatively few - on land. Some
disintegrate wood structures at the sea, while some are intermediate hosts for some parasites of
domestic, wild animals, and humans. Some species inhabit at the underwater part of the ship en
masse and impede the ship's movement.

Invasive species of the Black Sea - A.inaequivalvis is a bivalve mollusk, which belongs
to the dimyary (Lamelabranxiata). According to the literature, in the spring the larvae hatching
from eggs remain in the plankton. By the end of September, by the end of the planktonic
development period, they move to the bottom and become young mollusks. They have many
enemies in the form of sea fish, birds and mammals. Extremely grazed by sea plaices, cod and
sturgeon. The most dangerous enemy of this mollusk in recent years has become the mollusk

rapana. Mollusk populations are severely damaged by polychaetes and drilling sponges.



The bivalve mollusk A.inaequivalvis is a new opportunistic, self-acclimatized filter for the Black
Sea. It is widespread in the Black Sea coast of Georgia. The reason for its widespread use is
considered by scientists to be the massiveness of the shells and their ability to seal them tightly,
the ability to transfer hypoxia in the event of oxygen deficiency in seabed water, which other
mollusks lack. At the present stage, it is very important to solve the ecological problems of the
environment. In this regard, it is also important to preserve the biodiversity sustainability of
reservoir ecosystems by avoiding the impact of negative, natural or anthropogenic factors. Every
day, various organisms are studied to use it as an alternative source of food.

The actuality of the issue stems from the above. The bioecology of A.inaequivalvis - a
hydrobiont inhabiting in the coastal benthal zone, is still unexplored, which has aroused our
interest. We think that the study of the bioecology of this hydrobiont will form the basis for its
industrial cultivation, And based on the results of research on its biochemical composition, it will
take proper place in increasing the diversity of the human food ration, which is very important in
filling the protein deficiency. Increasing demand for food proteins has taken humanity to the level
of the world ocean. The importance of the seas, including the Black Sea, plays an important role in
solving this task. Not only fish but also mollusks contain protein. Notable in this regard is A.
Inaequivalvis, a bivalve mollusk living in the Black Sea coastal benthal, which plays an important

role in the ecosystems' bioproduction and is also considered a biosedimenter and biofiltrator

Aim and objectives of the research. Therefore, the aim of the present dissertation was to
study the quantitative composition (quantities and biomass dynamics) of A. Inequivalvis in the
Black Sea coast of Georgia. Its ecology - the assessment of its role and place in ecosystems and

biocenoses. Relevant tasks were defined:

A) Seasonal dynamics of A. inaequivalvis quantity and biomass;

B) Size-weight characteristics of A. inaequivalvis;

C) Determining the biochemical composition of Anadara (Anadara inaeqiuvalvis) meat and
determining its nutritional value (proteins, fats, carbohydrates);

D) Determination of the content of heavy metals (As, Zn, Pb, Cu, Cd).



As far as anadores are biofilters, Our task was also to analyze insecticides

(hexachlorocyclo-hexane o, 3, y isomers) and pesticides (DDT and its metabolites).

Object and methods of research. The object of research was A. Innaequivalvis, a bivalve mollusk
living in the Black Sea coast of Georgia. For the purpose of the research, we used modern methods
of hydrobiological research. In the Black Sea shelf zone of Georgia, research material was obtained
at pre-planned stationary stations, In particular, in the areas of Anaklia, Poti, Kobuleti, Chakvi,

Mtsvane Kontskhi, Batumi and Gonio. The survey was conducted in 2016-2018.

Material and technical base. The material was processed in the laboratory of the Department
of Fisheries, Aquaculture and Aquatic Biodiversity of the LEPL National Environment Agency.
Biochemical analysis was performed in the laboratory of Shota Rustaveli State University. Some
important microelements in Anadara meat were identified at the Agricultural Laboratory

Research Center of the Autonomous Republic of Adjara

Scientific novelty of the paper. The bioecological characteristics of A. Innaequivalvis bivalve
mollusk living in the Black Sea coast of Georgia were first studied; Its quantitative composition
(seasonal dynamics of quantuty and biomass) in the Black Sea coast of Georgia has been
determined; Its place and role in the ecosystem were assessed; Size-weight characteristics of
A.inaequivalvis and biochemical composition of meat were studied; And its nutritional value
(protein, fat, carbohydrate content) was determined; Heavy metals (As, Zn, Pb, Cu, Cd) were also
identified; Analysis was performed on insecticides (hexachlorocyclohexane «, 3, y isomers) and

pesticides (DDT and its metabolites).

Theoretical and practical significance of the paper. A. Innaequivalvis, bivalve mollusk living
in the Black Sea coastal Benthall, plays an important role in the ecosystems' bioproduction and in
addition, is considered a biosedimenter and biofiltrator. Based on the above, the theoretical
significance of the paper is obvious, The practical value is that the study of the bioecology of

Anadara will lay the groundwork for its industrial cultivation, and based on the results of a study



of its biochemical composition, it will take its proper place in increasing the diversity of the

human food ration, which is very important in filling the protein deficiency.

Approval of the research results and publication. The results of the research were dedicated to
scientific articles and were presented at an international conference:

1. Vadachkoria P., Tregubov A., Makharadze G., Mikashavidze E. & Varshanidze M., Distribution
and Quantitative Characteristics of Four Invasive Alien Species off the Black Sea Coast of
Georgia; Acta Zool. Bulg. 72 (4), December 2020: 539-544

2. Tregubov A., Vadachkoria P., Mikeladze R., Determination of Size-weight percentage of
Invasive Bivalve Mollusk Anadara inaequivalvis (Bruguiére, 1789 in the Black Sea, Tregubov
et. al., /JES/ 10(1) 2021 15-18

3. Tregubov A., Kamadadze E., and Kalandia A. Biochemical Analysis of the meat of Invasive

Bivalve Mollusk Anadara in the Black Sea (Anadara inaequivalvis (Bruguiére, 1789)) Tregubov

et. al., /1JLS/ 10(1) 2021 28-30
Also, the paper was approbated at the meeting of the Department of Biology at the Faculty of

Natural Sciences and Health Care of BSU.

Structure of the dissertation. The dissertation consists of 123 printed pages and consists of an
introduction, a literature review and an experimental section, which includes characterization of
research materials and methods and analysis of research results. The conclusions are presented in
13 points and with a recommendation. The literature list is presented with 114 sources. The text

includes 31 tables, 29 diagrams, 41 photographs.

The content of the dissertation

Literature review

The paper analyzes 115 literary sources, which review the state of knowledge on the topic of the
dissertation, the main results and concepts related to the research problem.



Experimental part
Object and methodology of the research

The object of the study was A. Innaequivalvis, a bivalve mollusk living in the Black Sea coast of
Georgia.

The invasive species of the Black Sea A.inaequivalvis is a bivalve dimyary mollusk
(Lamelabranxiata). The larvae that hatch in the spring remain in the plankton. By the end of
September, at the end of the planktonic development period, they run to the bottom and
transform into young mollusks. They have many enemies in the form of sea fish, birds and
mammals. Its population is harmed by sea plaice, cod and sturgeon. The most dangerous enemy of
this mollusk in recent years has become the mollusk - Rapana. Mollusk populations are severely
damaged by lobworm and drilling sponges.

The bivalve mollusk A.inaequivalvis is a new opportunistic, self-acclimatized filter for the
Black Sea. It is widespread in the Black Sea coast of Georgia. The reason for its widespread use is
considered by scientists to be the massiveness of the shells and their ability to seal them tightly,
the ability to transfer hypoxia in the event of oxygen deficiency in seabed water, which other
mollusks lack. No less important is its nutritional value due to its content of various useful
substances, including proteins.

We used modern methods of hydrobiological research for the research (Todorova, V. and
Konsulova, Ts. 2005; ?Kagux B.1.1960). In the Black Sea shelf zone of Georgia, research material
was obtained at pre-planned stationary stations, In particular, in the areas of Anaklia, Poti,
Kobuleti, Chakvi, Mtsvane Kontskhi, Batumi and Gonio. The survey was conducted in 2016-2018.

The material was processed in the laboratory of the Department of Fisheries, Aquaculture
and Aquatic Biodiversity of the LEPL National Environment Agency. Biochemical analysis was
performed in the laboratory of Shota Rustaveli State University. Some important microelements in
Anadara meat were identified at the Agricultural Laboratory Research Center of the Autonomous

Republic of Adjara



During the analysis of the bio-ecological research, the following stationary stations were
selected, namely the Georgian shelf waters of Anaklia, Batumi, Supsa and Poti Black Sea.

The laboratory samples were processed as follows: Samples taken from the vessel were stored
and washed again with running water in a bag made of gaseous cloth until the odor of formalin
disappeared. The remaining mass was placed on a petri dish that was labeled accordingly. With
the help of loupe, using Bogorov cells, organisms were collected from small portions and grouped
in a typical way. A further study of benthic fauna species was carried out. Microscopic analysis
and observations were additionally used at this time (Omupegenutens daynst Yepuoro u
Aszosckoro mopeii, I, II, IIIT), After which the number of individuals of the species was counted
and their biomass was determined with an electronic scale of 0.001 accuracy. We calculated the
quantities and biomass in the sample per 1m? area. To do this, the number fixed in the sample and
the biomass were multiplied by the coefficient related to the seabed area. Based on the
generalization of the obtained data, tables and graphs reflecting the species composition of the
benthic fauna (general list and table of diversity), as well as the species-quantity (individual / m2)
and their biomass (g/m?) were compiled. The size and weight of the animal were determined by
appropriate methods (B.M. Kagua — M.:1960; B.H. Iloxynanos, M.H. Mucaps, 2015.), using an
electronic scale (total mass) with an analytical accuracy of 0.001 g. For all further calculations we
used the mean length and weight. We grouped mollusks according to size classes. The following
components were identified: a) total weight; B) the weight of the shell; C) Raw and dry weight of
meat. We placed the raw and dry meat material in a drying cupboard at 500¢. We dried it to a
constant weight and processed the obtained data statistically.

In the biochemical study of A. inaequivalvis we used the kjeldahl method.

The study material was collected at seven stations on the Georgian shelf, namely: Anaklia,
Batumi, Gonio, Poti, Chakvi, Kobuleti and Mtsvane Kontskhi. A bottom dredger was used to take
zoobenthos samples. We were diving under the visually favorable transparency of the water. We
processed the collected material, weighed it and determined the number dynamics (B.1. Kagun —
M.: 1960; B.H. [Tonrynanos, M.H. Mucaps, 2015.). Relevant graphs of the latest information were

drawn up.
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10.

The number of copies was determined per square meter from samples taken from different

Myt X,

stations. The average value of the number was calculated by the formula: X n ,

Where X is the arithmetic mean, X!, X2 and etc. - the meaning of quantities, n - number of
benchmark.

The water content was determined by drying the sample at a temperature of plus 50-60°C
(arbitration method). This method is used to determine the content of fish, marine mammals,
invertebrates, algae, as well as the water produced in them [OCT 7636-85

(https://docs.cntd.ru/document/1200022224?marker =7D20K3).

Embersing was made by dry method - + 550-600°C in a muffle oven. The percentage of
ash was determined by weight method.

Fat was determined by the soxlet method, we used chloroform as a solvent, The duration of
extraction was 24 hours. The amount of fat was determined by the weight method (J. Chem.
Educ. 2007. Vol. 84, no. 12. P. 1913 - 1914).

Protein was determined by the kjeldahl method. Quantity was determined by the titration
method (IO. A. 3onorosa. 2004. T. 2. 503 c.).

Determine the total sugar content of carbohydrates by the caliper-cyanide method, which
determines free carbohydrates in meat.

Lead was determined by electrometric atomic absorption spectrometry, using appropriate
methodology (MVYK 4.1.986-00) Pb 0,10 Mg/kg +U0,03 Mg/kg “Z.D.N.” Not more than 0.3
mg/kg.

Arsenic was determined by the graphical cuvette of an atomic absorption spectrometry
(argon-gas) by using OCT P 51766 - 2001 method As 0.2705 d Mg/kg “Z.D.N.” X = 5,0
mg/kg.

Cadmium was determined by an atomic absorption spectrometry using MYK 4.1.986-00
method Cd 0,5779 Mg/kg “Z.D.N.” X =1,0 mg/kg.

Copper content was studied in the laboratory by atomic absorption spectrometry MYK

4.1.991-00, Cu 1,1685 8 Mg/kg “Z.D.N.” X = 10,0 mg/kg.


https://docs.cntd.ru/document/1200022224#7D20K3
https://docs.cntd.ru/document/1200022224?marker
https://ru.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%BE%D1%82%D0%BE%D0%B2,_%D0%AE%D1%80%D0%B8%D0%B9_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80%D0%BE%D0%B2%D0%B8%D1%87

11. Hexachlorocyclohexane - according to the Thermo Fisher scientific method 63899
methodology < 0,002 Mg/kg “Z.D.N.” < 0,002 mg/kg.

12. DDT and its metabolites - Thermo Fisher scientific method 63899 - < 0,007 mg/kg, Where
the value <0.002 mg / kg is the maximum allowable concentration and < rate means less than

allowed.

Analysis of research results

Quantitative composition and biomass research results of Anadara in the waterfront of the Black Sea
coast of Georgia (Batumi-Anaklia)

It is well known that it is important to determine the quantity and biomass of a reservoir per
square meter in order to estimate the reserve of industrial hydrobionts in reservoirs.

In the process of our research, one of the goals was to determine the quantuty and biomass of
the mollusk - Anadara, which is widespread in the Georgian coastline of the Black Sea (Batumi-
Anaklia).

Appropriate materials were collected in pre-selected stationary areas: Gonio, Batumi, Chakvi,
Mtsvane Kontskhi, Kobuleti, Poti, Anaklia sea coasts according to different depths and seasons.

The results of the research are presented in detail in the relevant tables and graphs according
to the individual districts (Table 1-8), where it is clear that the rates of Anadara (pieces / m?) and
biomass (g / m?) are somewhat different according to the individual district and the corresponding
depths. The difference is also noted at different times - 2016, 2017, 2018 - according to the
materials obtained and the season.

For example, in the samples taken in May 2016 in Anaklia district (Table 1), the number of
Anadara at a depth of 20-30 meters was observed 15 pieces / m? Biomass amounted to - 1.85 g/m?;
At a depth of 30-40 meters was observed 15-22-104 pieces/m? Biomass amounted to 8.1-17.4-137
pieces/m?; At a depth of 40-50 meters was observed 7-59 pieces/m?, Biomass amounted to 0.7-16,5
g/m?. n the materials of February 2017, 11 pieces/m? were observed at a depth of 10 meters,

Biomass was 2,5 g/m? In April, at a depth of 7 meters, 31 pieces/m? were recorded, biomass was
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1.95 g/m?% In May 2018, at a depth of 20 meters, 24-39 pieces/m> were recorded, biomass

amounted to 3.25-38.7 g/m?.

Based on the Vanveen model of the bottom dredger used, the dredge area is 0,135 cm? and

therefore K=7,4. The calculation coefficient is also shown in Table (1) and Figure (1), respectively.

Quantity (ind./m?) and biomass (g/m?) of A.inaquelvalvis in Anaklia district at different seasons

and depths.
Table 1
Quantity (ind./m?) and biomass (g/m?) of A.inaquelvalvis in Anaklia district
test N May, 2016
Depth, m copy, piece g copy / m? g/m?
I 20-30 2 0.025 15 1.85
II 2 0.03 15 0.22
I 30-40 14 18.5 104 137
II 2 1.1 15 8.1
II1 3 23 22 174
I 40-50 1 0.005 7 0.37
Depth, m copy, piece g copy / m? g/m?
I 20-30 2 0.025 15 1.85
II 2 0.03 15 0.22
I 30-40 14 18.5 104 137
II 2 1.1 15 8.1
II1 3 23 22 174
I 40-50 1 0.005 7 0.37
IT 8 2.2 59 16.5
II1 6 0.5 44 3.61
v 6 0.3 44 2.14
February, 2017
I 10 1 0.2 11 2.5
April, 2017
| 7 2 0.12 31 1.95
May, 2018

| 20 5 0.41 24 3.25
I 20 5 49 39 38.7
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Figure 1. Ratio of A. inaquelvalvis’s quantity (pieces / m?) and biomass (g / m?) at different seasons and
depths in Anaklia district

Relatively high rates were observed in Mtsvane Konstkhi district (Table 2). The quantitative
rate is especially high in the materials of October 2017 for a depth of 3-5 meters, where the
density of Anadara settlement was 100-600 pieces/m?, and biomass - 0.04-84 g/m?. The situation
was similar in the materials of June and September 2018 at a depth of 2-3 meters, namely, the

settlement of Anadara was 104-346 pieces/m?, and biomass - 0.24-34 g/m?.

Table 2

Quantity (ind./m?) and biomass (g/m?) of A.inaquelvalvis in Mtsvane Kontskhi district at
different seasons and depths

test N June, 2016
Depth, m Ind., piece g Ind. / m? g/m?
I 5 1 0.02 11 25
October 2017
I 5 3 0.0001 120 0.04
II 3 1 0.145 100 14.5
111 5 6 0.841 600 84
v 5 4 0.001 120 0.04
June 2018
I 2-3 10 0.99 34.6 34
II 2-3 3 0.4 104 13.6
September 2018
I 2-3 3 0.007 104 0.24
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Figure 2 shows quantity (ind./m?) and biomass (g/m?) of A.inaquelvalvis in Mtsvane Kontskhi

district at different seasons and depths
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0 |
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June 2018 September 2018

Figure 2. Quantity (ind./m?) and biomass (g/m?) of A.inaquelvalvis in Mtsvane Kontskhi district

at different seasons and depths

Mean numerical values were observed in the Chakvi district at different depths (Table 3). At a

depth of 10 meters, 24 pieces/m? were observed, and the biomass was 3.25 g/m?; At a depth of 20

meters, 31 pieces/m? were recorded, biomass was 7.3 g/m? At a depth of 40 meters, 8-31 pieces/m?

were recorded, biomass was 1.9-7.7 g/m?, At a depth of 55 meters, 16-39 pieces/m? were recorded,

biomass was 25.7 - 56.5 g/m?.

Table 3
Quantity (ind./m?) and biomass (g/m?) of A.inaquelvalvis in Chakvi district at different seasons
and depths
Depth, m May, 2018
Ind., piece g piece/ m?2 g/m?

10 3 0.41 24 3.25

20 4 0.9 31 7.3

40 1 0.23 8 1.9

40 4 0.97 31 7.7

55 5 7.17 39 56.5

55 2 3.3 16 25.7
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Tables 4, 6, 7 and 8 show quantity (ind./m2) and biomass (g/m2) of A.inaquelvalvis in

Kobuleti, Gonio, Batumi and Supsa districts at different seasons and depths.

Table 4
A. Quantity (ind./m?) and biomass (g/m?) of A.inaquelvalvis in kobuleti district
April, 2016
Depth, m Ind., piece g piece/ m? g/m?
20 3 0.25 3 2.5
May, 2018 k=787
10 1 34.9 8 274.5
20 4 0.09 40 0.5
40 51 0.3 401 2.3
40 34 0.1 268 1
Table 5
Quantity (ind./m?) and biomass (g/m?) of A.inaquelvalvis in Gonio district
April, 2016
Depth, m Ind., piece g piece/ m? g/m?
20 7 0.49 55 3.9
October, 2017
20 1 0.148 10 1.48
May, 2018
10 8 1.34 63 10.5
40 17 15.8 134 124.2
40 19 0.29 150 2.26
60 1 1.5 8 11.9
September, 2018
7-8 10 0.1 346 66.6
Table 6

Quantity (ind./m?) and biomass (g/m?) of A.inaquelvalvis in Batumi district
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February 2016

Depth, m Ind., piece g piece/ m? g/m?
20 2 0.004 20 0.04
April, 2016 &=20
6-7 1 0.013 20 0.25
May, 2018 k=7.87
10 3 2.32 24 18.3
44 1 2.48 8 19.5
20 1 1.9 8 15
10 4 3.1 31 245
Table 7
Quantity (ind./m?) and biomass (g/m?) of A.inaquelvalvis in Supsa district
April, 2016
Depth, m Ind., piece g piece/ m? g/m?
3 0.207 24 1.6
2 0.0001 200 0.01
Table 8

Quantity (ind./m?) and biomass (g/m?) of A.inaquelvalvis in Poti district

February, 2016

Depth, m Ind., piece g piece/ m? g/m?
20 1 1.5 10 14.9
May, 2018
40 1 0.02 8 0.16
40 84 0.3 661 2.17
60 7 0.15 55 1.19
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Figure 3 shows Quantity (ind./m?) of A.inaquelvalvis in different areas and depths of the

Georgian shelf.
400 Quantity (ind./m?) of A.inaguelvalvis in...
200
O | . [ | — [ | |
2-209 . 20-40 9. . 40-609 . i .
M Series1 M Series2 Series3 Series4 M Series5 B Series6 M Series7

Figure 3. Quantity (ind./m?) of A.inaquelvalvis in different areas and depths of the Georgian

shelf.
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Figure 4. biomass (g/m2) of A.inaquelvalvis in Poti district in different areas and depths of the Georgian
shelf.

Based on the analysis of the results of the presented study, it should be noted that in
comparison with the quantitative composition of mollusk Anadara, high rates were observed in
the deep waters of Mtsvane Kontskhi, Gonio, Kobuleti and Poti shelf (Tables 2, 4, 5, 8). In
particular, 100-600 pieces/m? were recorded at a depth of 3-5 meters in the Mtsvane Kontskhi
water area; In Kobuleti water area at a depth of 20-40 meters - 31-401 pieces/m?; 134-346
pieces/m? were observed at a depth of 7-8-40 meters in Gonio district; In Poti water area at a
depth of 40 meters - 661 pieces/m?.

The results obtained should be explained by the fact that the salinity of sea water in these

areas is relatively stable and it is 14-18 per mille.
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Dynamics were observed according to depth and salinity. We can outline Anadara distribution
levels by shelf and region. Based on the results of the existing study, we found that the
distribution of Anadara in the Black Sea depends primarily on the salinity of the water. In
particular, where there is less influence of the rivers, there were more specimens of Anadara.
Relatively low rates were observed in Anaklia, Batumi and Chakvi districts (Tables 1, 3, 6). This
result should be due to the reduction of seawater salinity, which is caused by the influence of
freshwater from the Chorokhi, Chakvistskali and Enguri rivers.

It is known that the mollusk Anadara is highly sensitive to the variability of salinity in
seawater and is quite resistant to the variability of the oxygen content in the water. Anadara, as a
filtrate, is also resistant to contamination of water by organic matter. Thus, it can be considered as
a certain indicator for determining water quality, It should also be noted that it is, to some extent,
involved in the natural self-cleaning process of water pollution.

Thus, based on the given quantitative composition of Anadara, despite the different situation
in a particular district, we can conclude that Anadara is characterized by some stability within the
Black Sea coastal area and its sufficient stock provides an opportunity to think about the

introduction of its production-aquaculture.

Biometric Analysis of Anadara

Today, humanity is studying different organisms every day to use it as an alternative source
of food. The biochemistry of this hydrobiont inhabiting Anadara (A. Inaquelvalvis) on the Georgian
coastline is still unexplored, which has evoked our interest. Based on the above, we aimed
biometric analysis of Anadara's body to determine its weight value. We think that in this regard, it
will provide us with useful information and in the growth of human food base diversity, Anadara
will establish its place in the food ration in Georgia as a delicacy.

A massive amount of material was collected on the Batumi beach in November 2018 during
a 4-5 magnitude sea turbulence. At this time, about 10 kilograms of material of different sizes were

isolated and collected, which enabled us to conduct significant research.
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The size and weight of the animal were determined by appropriate methods (B./. Kagun —
M.: 1960) Using an electronic scale (total mass) with an analytical accuracy of 0.001 g. For all
further calculations we used the mean length and weight. We grouped mollusks according to size
classes. The following components were identified: a) total weight; B) The weight of the shell.

The figures and tables below discuss the relationship of raw weight (mollusk weight with
shell) to body length. In particular, the percentage ratio between them was determined. (B.H.
IToxymanos, M.H. Mucaps, 2015; Todorova, V. and Konsulova, Ts. 2005.) According to the
relevant methods, we took 10 specimen of approximately the same size, with an average length of
52-75 mm. Which averaged 48.4 mm per specimen. We measured the length of each copy using a
caliper and weighed it on an electronic scale (weighing up to 500 grams).

Also, the relationship of meat weight (mollusk without shell) to the length of the shell was
studied. The flesh of each specimen was removed from the sink and weighed separately, on the
basis of which a dependency table and figure were compiled showing the size-weight dependence
of Anadara (Anadara inaeqiuvalvis) (Table 9; Figure 5.6).

Table 9

The relationship of A. inaquelvalvis body length to raw body weight and meat weight

Length, mm Raw weight, g Meat weight, g
54 43.6 18.2
59 45.2 15.6
53 41.2 17
52 43 16
58 51.1 22.9
49 32.6 13
51 27.4 8.5
75 35.7 13.5
75 40 16.4
55 44.6 15.3
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Figure 5. Ratio of crude weight to shell length of A. inaquelvalvis
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Figure 6. The ratio of the weight of the meat to the length of the shell of A. inaquelvalvis

There was a certain peculiarity, namely that the weight of the meat is about three times
less than the size of the body (Table 1; Figure 5,6). For example, the total (Raw, whole) weight of a
54 mm individual's shell was 43.6 g and the weight of a meat (muscular without shell) was 18.2 g.

Another important parameter was studied on the samples at our disposal - the relationship

between raw weight and meat weight (Table 9, Figure 7).
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Figure 7. Ratio of raw body weight to meat weight of A. inaquelvalvis

As the analysis of the obtained results shows, on average, 40.14 g of raw mollusk weighs
15.6 g of meat weight, the rest is the shell. Analysis of the samples taken shows that the weight of
fresh meat averaged 39% of the total body mass, which is a very significant value for this adult size

category.
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In order to confirm the results of our research, we studied the same parameters in another
category — in small specimens. In this case, the average size of the mollusks was 35.3 mm, the body
weight of the shell was 11.64 g, and the weight of the meat was 4.62 g. Analysis of this size-weight
relationship revealed that the specimens studied were characterized by a smaller size and a
relatively thinner shell. The result was different. If the size / weight ratio on the example of large
size was 5/4, in this case the figure was 3/1, ie in the first case it was 83%, and in the second -

32.3% (Table 10; Figure 8.9).

Table 10.

Relation of body length of A. inaquelvalvis to raw (gross) weight and meat weight (in small

specimens)

Length, mm Raw weight, g Meat weight, g
32 11.3 5,1
34 10.6 4.4
35 12.8 6
35 8.7 2.5
36 11.7 5.4
36 12.3 4.6
36 9.1 2.7
36 14 4.9

36.5 11.4 5,1
36.5 14.5 4.4

o0 20
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Figure 8. Ratio of body length of A.inaquelvalvis to raw weight (in small specimens)
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Figure 9. Ratio of body length of A.inaquelvalvis to meat weight
(in small specimens)

Some peculiarities were revealed. In particular, in this case the weight of the meat depends

on the size. If 54 mm specimens weigh about 18 grams of meat, the weight of 30-35 mm is only 5

grams.

The ratio of raw weight to meat weight of A.inaquelvalvis was also analyzed in small
samples, as shown in the table and figure (Table 12; Figure 10). The analysis of the obtained results
reveals that 11.6 g of average raw weight of mollusk comes from 4.6 g of meat weight, which

means that 39% of the raw weight falls on the mass of meat.
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Figure 10. The ratio of raw weight to meat weight of A.inaquelvalvis in small specimens

An analysis of the results of a size-weight study to assess the nutritional value of Anadara in
the Black Sea revealed the ratio of body length to total (raw) weight, meat weight, as well as raw
body weight and meat weight of Anadara inaequivalvis. Based on the information obtained from
the study, a useful percentage coefficient was determined from the total mass of the caught

sample. It was found that on average 39% of body weight comes from meat, which is quite a high

figure.
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Results from Bioecological Research of Anadara

Part of the Georgian shelf of the Black Sea is inhabited by quite rich and diverse benthic
organisms, the constituent species of which have different dependencies on the ecological
conditions of the environment. Particularly important in this regard are their attitudes towards a
particular habitat, the different soil structure of the seabed, and they form several different
ecological groupings; Whose constituent species of hydrobiotics are biologically interconnected
and form a single whole, the biocenosis of the so-called reservoir benthal or benthofauna. Species
of all ecological groups of water reservoirs are more or less involved in the formation of the
structure of biocenoses and play a role in the ongoing bioprocesses in it.

One of the biocomponents of this biocenosis is the bivalve mollusk Anadara. That is why
we aimed to find out what place it occupies and what role it plays in creating the structure of
these biocenoses. It turned out that the mollusk Anadara is quite widespread in the Black Sea shelf
area of Georgia (Table 11). Based on the generalization of the obtained material, tables of benthic
fauna species composition (general list of diversity) as well as the number of species (pieces/m?)
and their biomass (g/m?) were compiled. According to the materials obtained by us, in the study
areas: Batumi, Supsa, Poti and Anaklia, at different depths of the shelf (5-50 m), mollusk anadara,
unlike other hydrobionts, is widespread. It is often in a dominant position with members of his
group. Anadara is especially widespread along with other hydrobionts in the Anaklia area at
different depths (10-50 m) of the sea benthsl (Table 12). Its wide distribution in this area should
be explained by the fact that the soil structure of Anaklia is very peculiar compared to other areas.
It is represented by sustainable silt-sand and silty soils, making it the best habitat for Anadara,
where it inhabits a partially submerged condition. Depending on the soil (habitat), they form
specific ecological groups together with other hydrobionts — psalmophile or pelophile zoocenosis.
Thus occupying a special place in the formation of the Benthal biocenosis structure. Also
noteworthy is the fact that Anadara, as a filter and sedimenter, feeds on biogenic substances that
are abundant in the composition of things brought down by rivers and together with other

filtrators participate in the process of biological self-purification of contaminated water in the
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reservoir. Thus, Anadara also plays a role in maintaining the state of the reservoir biocenosis
structure in this regard.

In order to determine the role and portion of Anadara in the creation of the common
bioproduct of this biocenosis, a number of studies were carried out in different areas of the shelf,
at appropriate depths, as well as at different ground conditions. Their quantitative composition
was determined together with different hydrobionts - settlement, density (pieces/m?) and biomass
(gr/m?). The results are presented in the relevant tables, which clearly show the share of Anadara
with other hydrobionts in case of common and separate biocenosis. It turned out that their share
is quite visible. In the case of a number of cenoses it occupies a leading-dominant position with a
high quantity of biomass. Thus, Anadara plays an important role in marine biocenosis and plays an
essential role in creating a common bioproduct. It also participates in the process of natural self-
purification of water in polluted reservoirs. In addition, Anadara provides food for various
animals. In addition to the above, due to its rich content of nutrients, Anadara can also be used for
human food.

To illustrate the general assessment of the bio-ecological status of the mollusk-Anadara in
the Georgian Black Sea shelf area, consider the results of the study, which are shown in the tables,
which present quantitative values of hydrobionts at different depths and ground conditions.

Table 11

Species composition of benthofauna in study areas

species Research districts

Batumi | Supsa | Poti Anaklia
10-20m | 17-22m | 5-16m | 10-50m

NEMERTINI

1. Cephalothrix sp 0 0 0 +

ANNELIDAE

Polyhaeta

1. Aricidae cerrutii Laubier, 1965 0 0 0 +

2. Anicistrosyllis tentaculata Treadwell, 1941 + + 0

3. Amphitritegracilis ( Grube 1860) 0 0 0 +
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4. Exzogene gemmifera Pegenstecheri, 1884

7. Harmothoe reticulata Claparede, 1870

8. Heteromastus filiformis ( Claparede 1864)

9. Micronephtys staumeri Augener, 1932

10. Mysitides limbata (Saint-losiph, 1888)

11. Mellenna parmata Grube, 1869

12. Magelona pailicornis O. F.Muller, 1858

13. Magelona minuta Eliason, 1962

14. Nereis zonata Malmgren, 1867

15. Nereis succinea Leuckart, 1847

16. Notomastus lineatus Claparede, 1863

17. Nephthys cirrosa Ehlers, 1868

18. Nephthys hombergii Audouin et M.-Edwards, 1834

23. Paraonis gracilis Tauber, 1909

24. Paranois fuigens Lebinsen,1883

25.Polydora ciliata Iohnston, 1838

+ OO+ |+ | O OO0 |+ |OCO|OC|+|O|O

O OO+ |O0O|0C|OC|OC|O|O0C|OC|OCO |+ |+ |CO|+

O+ |C|l+ |+ | C|OC|CIOC|IOC|OC|OC|OC|OC |+ |O

++ |+ |+ |+ |+ |+ |+ |+ [+ |+ |+ |+ |+ |0+

26. Prionospio cirrifera Wiren, 1883

o

o

27. Olygoaeta sp.

TENTACULATA

Bryozoa

1. Membranipora denticulata Busk, 1884

Phoronidae

1. Phoronis euxinicola S-long, 1907

ARTHROPODA

Crustacea

1. Ampelisca diadema A. Costa, 1853

2. Athanas nitescens Leach,1814

3. Balanus inprovisus Darvin, 1854

4. Brachinotus sexdentatus Risso, 1827

5. Callianassa pestai De-Mann

6. Callianassa truncata Giard et Bonnier

7. Cumella pugmae euxinica Bacescdu, 1950

| OO+ |OC|OC|O

|+ |+ | O+ |O|O

+ | ©C|lC|OC|+ | OO

+ | olo|o|+ |+ |+
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8. Clibanarius erythropus Latzeilla, 1818

9. Diogenes pugilator Roux,1828

10. Gammaridae sp.

| O OO

oo+ |o
+ |+ |+ |+

oo+ | O

11. Upogebia pusilla Petagna, 1792

MOLLUSCA

Gastropoda

. Cylichina variabilis Milachevitch, 1909
. Cylichina strigella Loven, 1846

. Cylichina robogliana Fischer, 1867

. Citharella costata Pennant, 1767

. Ciclope donovani Risso, 1826

. Odostomia pallida Montagu

. Parthenina intarstincta Montagu, 1803

. Proneritula westerlundi Brusina, 1900

OO NNV || WI N

. Retusa truncatella Locard, 1892

o+ |o|+ ||+ |ocjo|+|o
o|lo|lo|o|o|+ |oc|jo|o|o
o+ |c|lo|lo|+|oc|o|+|o
+ [+ |+ |+ |+ ]+ |+ ]+

10. Tritia reticulata Linne, 1758

Lamellibranchiata, S.Bivalvia

+
(=)
+
+

1.Arca tetragona Poli, 1795

o
o
o

2. Cerastodermaglaucum Poiret, 1789

3. Anadara inaequivalvis
4. Chamelea gallina Linne, 1758

5. Lentidium mediterraneum Costa, 1829

6. Lucinella divaricata Linne, 1758

7. Mactra corallina Lnne, 1758
8. Metilaster lineatus Gmelin, 1790

9. Metilus galloprovincialis Lamark, 1819
10. Pitar rudis Poli, 1791
11. Spisula triangula Reniari, 1804

+ |+ |+ |o|lo|o|+ |+ |+ |+
o+ |+ |o|lo|o|+ |+ |+ |+
o+ |+ |o|lo|o|lo|+ |+ |+
O+ |+ |+ |+ |+ |+ ]|+ |+ ]|+

12. Thracia papyracea Poli, 1791

Table 11 provides a general list of benthofauna species compositions, which are presented
in considerable diversity. A total of 58 species were registered. Among them are 23 species of

palolo Polychaetes worms (Polichaeta), as well as mollusks (Molusca - 22 species, followed by
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crustaceans (Crustacea) - 11 species. As can be seen from the table, the mentioned species of
hydrobionts are more or less common in the areas of Batumi, Supsa and Poti. In the case of
Anaklia (at a depth of 10-50 m) almost all species of Benthal are registered. As for Mollusk
Anadara, it is spread everywhere - in all the indicated depths of Batumi, Supsa, Poti and Anaklia
districts.

5 samples were taken from different depths at Anaklia research station; From a substrate of
silt, silty sand and shell-containing. After processing of the material, the quantity and biomass of
the sample macrozoobenthos were (Table 12) 16255 individual/m? and 2911,127 g/m?.

Table 12

Quantity (ind/m?) and biomass (g/m?) of A.inaquelvalvis in Anaklia district
Year: 2016-17-18

Macrobenthos Bivalvia A.inaquelvalvis
Depth substrate piece/ g/m? piece/ g/m? piece/
m? m? m? g/m?
14 m silty sand 220 63,115 120 60,345 10 0,005
17 m silt 3120 1143,55 2590 1089,71 180 261.0
18 m silt 200 3,735 50 1.618 20 0,681
19m | shell-containing 7320 828,985 7150 812,85 170 297,5
20m | silty sand 5395 | 871,742 | 5065 840,36 40 386,3
total 16255 2911,127 14975 | 2804.883 420 945 .486

At a depth of 14 m the silty sand substrate, quantity and biomass were 220 pcs/m? and
63,115 g/m?. Of these, pcs/m? and 60,345 g/m? fall on two-headed mollusks (55% and 96%). The
number of Anadara and biomass in the settlement of the mentioned substrate was 10 pcs/m? and
0.005 g/m?, which was 8% of the bivalve individuals and 24% of the biomass.

At a depth of 17 m, a silty substrate was observed, the number of macrofauna and biomass

amounting to 3120 pcs/m? and 1143.55 g/m?, of which 2590 pcs/m? and 1089.71 g/m? fall on

26



bivalve mollusks (83% and 95.3%). Among the bivalve mollusks, Anadara owns almost 7% of
individuals and 23% of biomass.

In the sample taken from a depth of 18 m, where the substrate silt was fixed, the number of
biocenosis macrozoobenthos and biomass were 200 pieces/m? and 3,735 g/m2. Of these, 50
pieces/m? and 1,618 g/m? fall on bivalve mollusks, which accounted for 25% of the quantuty and
43.3% of biomass. Of the bivalve mollusks, Anadara contains almost 40% (0.681 pieces/m?) in
individuals and 42% (0.681 g/m?) in biomass. In the sample taken from a depth of 19 m (shell
substrate) the quantity and biomass of the biocenosis’ macrozoobenthos were 7320 pieces/m? and
828,985 g/m?. Of these, 7150 individual/m? and 812.85 g/m? fall on bivalve mollusks, which
accounted for 98% of the quantuty and 98% of biomass. The number of bivalve mollusks
belonging to Anadara was 2% (170 pieces/m?) and 37% (297.5 g/m?) biomass.

In the sample taken from a depth of 20 m, where the substrate silt was fixed, the number of
biocenosis macrozoobenthos and biomass were 5395 pieces/m? and 871,742 g/m?, Of these, 5065
pieces/m? and 840,36 g/m? fall on bivalve mollusks, which accounted for 94% and 96,4%. The
number of bivalve mollusks belonging to Anadara was 1% (40 pieces/m?) and 46% (297.5 g/m?)
biomass.

We believe that a basis for very important reasoning is given by the aggregate data at
different depths and ground type conditions. The total number of biocenosis and biomass of the
research station - Anaklia was 16255 pieces/m? and 2911.127 g/m?, of which 14975 pieces/m? and
2804.883 g/m? (92% and 96%) are bivalve molluscs. 3% -34% of them come from Anadara (420
pieces/m?and 945,486 g/m?).

As for the qualitative and quantitative share of mollusk anadara in general and specific
biocenoses, it is quite important, which is due to the fact that it is quite resistant to positive or
negative bio-ecological factors. For him, the positive living environment is a silty, silty-sand
habitat (biotope). It is quite resistant to variability in the concentration of oxygen dissolved in
water. May exist for a short time during hypoxia. As a filtrate, it is also resistant to contamination
of the reservoir with organic matter, which has led to its widespread use in the waters of the

Georgian Black Sea shelf.
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Table 13

Quantity (ind/m?) and biomass (g/m?) of A.inaquelvalvis in Batumi district

year: 2016-18
Macrobenthos Bivalvia A.inaquelvalvis
Depth | substrate piece/ | g/m? piece/ | g/m? | piece/ )
2 2 2 g/m
m m m
14m | sand 730 103,595 560 98,6 10 1,85
11m | silty sand 470 163,277 370 160,303 30 97,2
Total 1200 | 266.872 390 | 258.903 40 99.05

The total number of biocenosis and biomass of the research station - Batumi was 1200
pieces/m? and 266,872 g/m?, of which 390 pieces/m? and 258,903 g/m? (33% and 97%) are bivalve
mollusks. 10% -38% of them come from Anadara (40 pieces/m? and 99.05 g/m?) (Table 13).

Sand and silty sand substrate are fixed in Batumi biocenosis. The substrate is known to
determine the biodiversity of benthic fauna. In the case of Batumi, sand and silty sand are mainly
formed by mollusks, dominated by Lamelabranchiata or Bivalvia. The biocenosis of sand is
dominated by bivalves, the number of which is equal to 560 pieces/m?, and biomass 98.6 g/m?. The
silty sand substrate gives a similar picture: the dominant is again bivalves 370 pieces/m?, and
biomass - 160,303 g/m?2.

In the biocenosis of Supsa a substrate of sand and silt is observed. In the case of Supsa, silt
and sand are mainly formed by bivalve mollusks and crustaceans. The biocenosis of silt is again
dominated by bivalves with a number equal to 140 pieces/m?2. Their biomass was 5.701 g/m?. The
next position in the biocenosis of the silt substrate is occupied by crustaceans with biomass of
6.623 g/m? (40 pieces/m?). The sand substrate gives a different picture. Here, too, the dominant is

still bivalves in number - 2110 pieces/m?, and with biomass 261.64 g/m? (Table 14).
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Table 14

Quantity (ind/m?) and biomass (g/m?) of A.inaquelvalvis in Supsa district
Year: 2016-17-18

Macrobenthos Bivalvia A.inaquelvalvis
Depth substrate piece/ g/m? piece/ g/m? piece/
g/m?
m? m? m?
22m sand 2200 269,459 2110 261,64 30 134,807
17m silt 210 12,364 140 5,701 10 2,3
Total 2410 281,823 2250 267,341 40 137,107

The sample and biomass of biocenosis macroeobenthos in the sample taken from the depth of
22 m at Supsa station were 2200 pieces/m? and 269,459 g/m?. Of these, 2110 pieces/m? and 261.64
g/m? fall on bivalve mollusks, which accounted for 96% of the number and 97% of biomass. From
bivalve mollusks Annadara accounts for 1% (30 pieces/m?) and 52% of biomass (134,807 g/m?).

In the sample taken at a depth of 17 m at the Supsa station, where the substrate silt was fixed,
the number of macrozoobenthos and biomass in the biocenosis amounted to 210 pieces/m? and
12,364 g/m?, respectively. Of these, 140 pieces/m? and 5,701 g/m?fall on bivalve mollusks, which
accounted for 67% and 46%, respectively. Bivalve mollusks accounted for 7% (10 pieces/m?) and
40% (2.3 g/m?) for biomass (Table 14).

Table 15 shows the quantitative index of species of benthic organisms in the materials obtained

under different depths (16 m, 15 m) and in different soil (silt, sand/silt) conditions within the Poti

water area.
Table 15
Quantity (ind/m?) and biomass (g/m?) of A.inaquelvalvis in Poti district
Year: 2016-18
Macrobenthos Bivalvia A.inaquelvalvis
Depth substrate piece/ g/m? piece/ | g/m?2 | piece/ o/m?
m? m? m?
15m silty sand 410 74,646 350 67,766 10 20,01
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16m silt 90 3,4403 80 3,44 20 0,81

Total 500 78,0863 430 71,206 30 20,82

At almost equal depths, where the difference was only 1 m (Table 15), the species diversity
of biocenosis changes dramatically in the case of different substrates (silt substrate, silty sand). The
amount of 90 piece/m?was observed in the silt substrate, with biomass 3.4403 g/m?, where mainly
bivalve mollusks dominate 3.44 g/m?.

In the sample taken at a depth of 15 m at the Poti station, where the substrate silty sand was
fixed, the number of macrozoobenthos and biomass in the biocenosis amounted to 410 pieces/m?
and 74,646 g/m?. Of these, 350 pieces/m? and 67,766 g/m? fall on bivalve mollusks, which
accounted for 85% of the total and 91% of the biomass. Among the bivalve mollusks Anadara
accounted for 3% (10 pieces/m?) and 30% (20,01 g/m?) for biomass.

In the sample taken at a depth of 16 m at the Poti station, where the substrate silt was
fixed, the number of macrozoobenthos and biomass in the biocenosis amounted to 90 pieces/m?
and 3,4403 g/m?. Of these, 80 pieces/m? and 3,44 g/m?fall on bivalve mollusks, which accounted
for 89% and 99%. Among the bivalve mollusks Anadara accounted for 25% (20 pieces/m?) and
24% (0,81 g/m?) for biomass

The total number of biocenosis and biomass of Poti research station was 500 pieces/m? and
78,0863 g/m?. Of these, 430 pieces/m? (86%) and 71,206 g/m? (91%) are bivalve mollusks, of which
7% and 29% (30 pieces/m?and 20.82 g/m?) come from Anadara.

Table 16

Total quantity (ind/m?) and biomass (g/m?) of A.inaquelvalvis at Anaklia, Batumi, Supsa and Poti

stationary stations
Year: 2016-17-18

Macrobenthos Bivalvia A.inaquelvalvis
Depth piece/ g/m? piece/ g/m? piece/ )
m?2 m?2 m? g/m
1 Anaklia 16255 | 2911,127 14975 2804.883 420 945 .486
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Batumi

1200 266,872 390 258,903 40 99,05
3 Supsa 2410 281,823 2250 267,341 40 137,107
4 Poti 500 78,0863 430 71,206 30 20,82
Total 20365 | 3537,9083 18045 3402,333 530 1202,463
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Figure 11 and 12. Total quantity (ind/m2) and biomass (g/m2) of A.inaquelvalvis at Anaklia, Batumi,
Supsa and Poti stationary stations. Year: 2016-17-18

Based on the final analysis of the materials obtained from different stationary stations
(Anaklia, Batumi, Supsa, Poti) (Table 16; Figure 11,12) we can conclude that the number of
biocenosis and biomass amounted to 20365 piece/m? and 3537,9083 g/m?, of which 18045 piece/m?
and 3402,333 g/m? (89% and 96%) are bivalve mollusks, of which 3% and 35% come from
Anadara (530 piece/ m?and 1202.463 g/m?).

According to the table and figure data, the number of individuals in biocenosis and biomass may

be expressed as a percentage:

e Anaklia - 80% of the total number of individuals in Macrobenthos, 82% in biomass, 83% and

82% in bivalves, 79% and 79% in Anadara.

e Batumi - amount of macrobenthos 6%, biomass 8%; Among them, bivalves 2% and 8%,

A.inaquelvalvis 8% and 8%.

Supsa - Macrobenthos - 12%, Biomass - 8%, including bivalves 12% and 8%, A.inaquelvalvis -

8% and 11%.
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e Poti - in Macrobenthos the number of individuals is 2%, biomass - 2%, including 2% and 2%
for bivalves, and A.inaquelvalvis - 6% and 2%.
Thus, the mollusk Anadara, which is distributed in the Georgian shelf of the Black Sea, is

widespread everywhere.

Results of Mollusk Anadara Biochemical Research
Determination of protein, fat, carbohydrates,

Constant weight, embers
In July 2019, 2 kg raw samples of Anadara in a frozen condition were transferred to the
biochemistry laboratory of Batumi Shota Rustaveli State University. Based on biochemical
research, the percentage composition of moisture, embers, fat, carbohydrates and protein in

mollusk meat was studied.

Table 17
The result of biochemical research of Anadara inaequivalvis
Mass Embers % Fat, % Carbohydrates, %| Protein,%
Dry matter by
Sample Ne[ fraction of
drying%

moisture% Raw Dry Raw Dry Raw Dry Raw | Dry

1 80,14 19,86 1,04 5,26 1,22 6,17 2,5 12,64 14,1 | 71,28

2 80,30 19,70 1,16 5,86 1,17 5,92 2,4 12,13 13,5 | 68,25
Average 80,22 19,78 1,1 5,56 1,20 6,04 2,45 12,39 | 13,8 | 69,77

In Table 17, the first and second lines show the results of the parallel analysis of the two

samples, and the third line shows the arithmetic mean.
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The data obtained based on the analysis of the research results are presented in Table (Table
17), where a detailed analysis of mollusk meat (sample) was performed simultaneously. The
percentage ratio of dry to raw weight of the substance was determined.

Determination of moisture. The water content was determined by drying the sample at + 50-
60 ° C (arbitration method). This method is used to determine the content of fish, marine
mammals, invertebrates, algae, as well as the water produced in them. The mollusk meat was
weighed and placed in a BioBase sublimation laboratory drying cabinet, where it was reduced to a
constant weight at a temperature of +50 - +60°C. As a result of the arbitration method, it was
found that the mass fraction of moisture per 100 g of product in the material taken from both
samples was 80.22% on average, therefore, 19.78% of the dry matter.

Embersing was made by dry method - + 550-600°C in a muffle oven; The percentage of ash
was determined on dry and raw material by dry weight method. The average for both samples was
1.1% for the raw sample and 5.56% for the dry sample.

Fat was determined by the soxlet method. We used chloroform as a diluent. Sample extraction
took approximately 24. The amount of fat was determined by the weight method
(J.Chem.Educ. 2007. Vol. 84, no.12. P.1913-1914). We poured 200 ml of diluent into the prepared
soxlet, placed the pre-made sample in the capsule, checked the apparatus for hermetic seal and
connected the cooling pipes (necessary to create condensate). We put it on the stove. We used
chloroform as a diluent. Sample extraction took approximately 24 hours until the liquid inside was
discolored. Then we placed “Biuks” with the extract in a water bath until diluent evaporation —
until smell disappearing which is characterised for diluent, then we placed it in a preheated dryer
at + 100°C for 10 minutes, cooled in a desiccator and weighed the obtained fat on a laboratory
scaleAs a result, the average fat content was 1.20% for raw materials and 6.04% for dry matter.

In order to study carbohydrates, the total sugar content was determined by the caliperi-
cyanide method, free carbohydrates were defined in the meat, to which belongs sugar. As a result,

the average carbohydrate content was 2.45% for raw weight and 12.39% for dry matter.
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The protein content in mollusk meat was determined by the Keldal method. While the
titration method determined a specific quantity. As a result, the average amount of protein was

13.8% from the raw material and 69.77% from the dry matter.

Analysis results of trace elements (Zn, Pb, As, Cd, Cu), hexachlorocyclohexane, DDT and its
metabolites
Zink. The bivalve mollusk Anadara is known as a filter-sedimenter, and based on this
important information, we aim to test Anadara’s meat in the appropriate laboratory, where a
sample of 1 kg mollusks with the shell was sent as a result of electrometric atomic absorption
spectrometry. Using the appropriate method (MYK 4.1.991-00) the zinc content in meat was
13,370 mg / kg. If we compare it with other seafood, for example: oysters - 40 mg, anchovy - 1.72

mg, octopus - 1.68 mg, carp - 1.48 mg, caviar - 1 mg, herring - 0.99 mg, mussels - 21 mg (Table

18).
Table 18
Zinc content in aquatic organisms
oyster anchovy | octopus | carp caviar herring | mussel | anadara
Znmg/ 40 1,72 1,68 1,48 1 0,99 21 13,3
kg

Lead. Using the appropriate electrometric atomic absorption spectrometry method (MYK
4.1.986-00) determined that the lead (Pb) content in Anadara meat was 0.10 mg / kg + U0.03 mg /
kg. According to the maximum permissible concentration obtained in Georgia, as the norm is 0.3
mg / kg, based on the obtained result, we can conclude that the lead in the mentioned
hydrobiont does not exceed the norms set by the standard, therefore, according to this

parameter, Anadara is acceptable for use.
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Arsenic. Using the graphite cuvette for atomic absorption spectrometer method (argon gas)
GOST R 51766 - 2001 the content of arsenic (As) in the mollusk meat sample was determined -
0.2705 mg / kg, which does not even reach the allowed norm X = 5.0 mg / kg.

Cadmium. The goal was to test the cadmium content of Anadara mollusk meat as well.
Anadara meat was tested for cadmium content in the laboratory using atomic absorption
spectrometer MUK 4.1.986-00. The sample showed 0.5779 mg / kg of cadmium (Cd), which does

not reach the allowed norms X = 1.0 mg / kg.

Copper. Anadara meat was tested using the atomic absorption spectrometer MUK 4.1.991-00. The
sample showed copper (Cu) content - 1.1685 mg / kg, which does not reach the allowed norms X =
10.0 mg / kg. In view of the above, according to this parameter, its meat is acceptable for

consumption.

Hexachlorocyclohexane. Since Anadara is a filter-sedimenter and often its place of extraction and
habitat is the area of rivers flowing into the sea, we were interested in determining the content of
hexachlorocyclohexane in it. The content of hexachlorocyclohexane (o, f and y isomers) was
studied in the laboratory using the appropriate method (Thermo Fisher scientific method 63899),
which turned out to be <0.002 mg / kg. This value is a limit of <0.002 mg / kg. As long as this dose

is not dangerous for humans, we can say with certainty that Anadara’s meat is safe in this regard.

DDT and its metabolites. As mentioned, Anadara is a filter and often its extraction and habitat is in
the vicinity of rivers and canals flowing into the sea. Thus, we conducted the study according to
this parameter as well (Thermo Fisher scientific method 63899). Anadara’s meat analysis showed
that DDT and its metabolites is <0.007 mg / kg. The maximum allowable concentration is <0.002
mg / kg. The result obtained is less than the allowable value. Thus, we can confirm that the object

of study — Anadara’s meat is not a threat to humans.

Conclusions:

1. Quantitative (piece/m?) and biomass (g/m?) indicators of Anadara (Anadara inaeqiuvalvis)

according to different depths and seasons in the Black Sea coastal area of Georgia (Batumi-
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Anaklia), in pre-selected stationary areas (Gonio, Batumi, Chakvi , Mtsvane Kontskhi,

Kobuleti, Poti, Anaklia) were found to be somewhat different from the studies conducted.

It has been established that Anadara has a special attitude towards the condition of the
seabed. It prefers silty, sandy and solid ground habitats. It creates a special ecological

biocenosis, such as: psammophile, pelophile or psalm-pelophile zoocenosis.

3. It has been established that in the study region (Batumi-Anaklia) at different depths of the
sea benthic (5-50 m), in different soil conditions (silt, silty sand and shell soil) mollusk
anadara, unlike other hydrobionts, is widespread wherever it Often occupies a dominant
position. It is especially widespread in the Anaklia area, which should be explained by the fact
that the structure of Anaklia soil is very peculiar compared to other districts. It is represented
by sustainable silt-sand and silty soils, making it the best habitat for Anadara, where it lives in

a partially hidden state.

Dynamics according to depth and salinity were studied. We can outline Anadara distribution
levels by shelf and region. Based on the results of a case study, we found that the distribution
of Anadara in the Black Sea depends primarily on the salinity of the water. In particular,

where there is less influence of the rivers, there were more specimens of Anadara.

Based on the quantitative study of Anadara, it was found that the rates were relatively high in
the deep waters of Mtsvane Kontskhi, Gonio, Kobuleti and Poti shelf waters. In particular,
100-600 piece/m? were recorded at a depth of 3-5 meters in the Mtsvae Kontskhi water area;
In Kobuleti water area at a depth of 20-40 meters - 31-401 pieces/m?; 134-346 pieces/m? were
observed at a depth of 7-8-40 meters in Gonio district; In Poti water area at a depth of 40
meters - 661 pieces/m2. The results obtained should be explained by the fact that the salinity
of seawater in these areas is relatively stable and it is 14-18 per mille. Relatively low rates
were observed in Anaklia, Batumi and Chakvi districts. This result should be due to the
reduction of seawater salinity caused by the influence of freshwater from the Chorokhi,

Chakvistskali and Enguri rivers.
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10.

11.

It has been established that Anadara is quite resistant to water oxygen variability. As a filtrate,
is also resistant to contamination of water by organic matter. Thus, it can be considered as a
certain indicator for determining water quality, It should also be noted that it is, to some

extent, involved in the natural self-cleaning process of water pollution.

Despite the different situation in a particular area, it can be concluded that Anadara is
characterized by some stability within the waters of the Black Sea coast and its considerable

reserves allow for its industrial cultivation.

An analysis of the results of a size-weight study to assess the nutritional value of Anadara in
the Black Sea revealed the ratio of body length to total (raw) weight, meat weight, as well as
raw body weight and meat weight of Anadara inaequivalvis. In particular, it was revealed that
he size / weight ratio was 83% for large specimens (49-75 mm) and 32.3% for small specimens
(27.4-51.1 mm). As for the ratio of raw body weight to meat weight, there is a certain
regularity - the weight of meat is about three times less than the size of the body.

Based on the study of the biological status of Anadara, it was determined that it is actively
involved in the formation of the overall biocenosis structure of the benthic fauna in the
reservoir ecosystem, where it is one of the biocomponents. However, the mass fraction in
determining the quantitative composition of the benthic fauna is important. Sometimes it is
dominant with high quantitative composition.

Based on biochemical research, the content of energy substances: proteins, fats, carbohydrates
in the muscular part of Anadara was determined, which determines the suitability of meat as
one of the food objects in the human ration. In this regard, it is particularly important in
filling the deficiency of protein and natural amino acids, which is several times higher than in

other marine hydrobiotics.

Important trace elements were identified in Anadara meat, such as: iron, zinc, calcium,

sodium and kalium, which were found to be much higher in Anadara than in sea fish meat.
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12.

13.

The content of toxic substances, - heavy metals (lead, cadmium, arsenic, copper,
hexachlorocyclohexane, DDT and its metabolites) in Anadara's body was also determined. It
was found that their number in Anadara's body is very small, does not exceed the norms

allowed by the standard and it is acceptable to be used for food.

The qualitative and quantitative share of mollusk anadara in common and private biocenoses
is quite important, which is due to the fact that it is quite resistant to positive or negative bio-
ecological factors. For him, the positive living environment is a silty, silty-sand habitat. It is
quite resistant to variability in the concentration of oxygen dissolved in water. May exist for a
short time during hypoxia. As a filtrate, it is also resistant to contamination of the reservoir
with organic matter, thus it is fed and, together with other filtrates, participates in the self-
cleaning process of the reservoir. Thus, Anadara plays a role in maintaining the biocenosis
structure of the reservoir and contributes to its widespread distribution in the Georgian Black

Sea shelf area.

Recommendation

The results of the bioecological study of the bivalve mollusk - Anadara inaequivalvis of the Black

Sea coast of Georgia provide the basis for its industrial cultivation. According to the results of the

study of the biochemical composition of Anadara, it is an important product for increasing the

diversity of the human ration in order to fill the protein deficiency.

Anadara is characterized by some stability within the waters of the Black Sea coast of Georgia

(despite the different conditions in some parts of its distribution) and its considerable share

provides an opportunity for industrial cultivation, in particular, to think about its introduction

into aquaculture.
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