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M0L3g00L 8mboEm®mobaobsmgzol.

3153593500 258M G360 oMM YBVYYdYDdO:

oMLYOMBOL  5935JOIM Jeabgdo (BJm-0, JOMbozMwo dO™bbo®0),
H03wgdog LEAHIGHOLEH03MNME LsOFIMbmo JoByBL-09WIRMOMOZ9© V353~
FoMHgdME0s 35M3mlL  BoJBHMMGIOL Tglodem  sMsbgwboydger Bgdmddg-
©g03bmb (239MO0M §839dHJOMB). ©oYIBOE0s LEIGHOLEHOZMI® LEG-
§0mbem  bbgomds d3gs Lobwbmgo aBHgdol JOmbozmwo 935090900l
36935m9b@™dol dobggom, 35806, Hmbsg sOEGHIMoMwo 30393 gbbools
36935m9b@Mds HMIgwody  EiLabwgdmE 316330 LAHSGHOLEG03MO©
LsOHIMBM 56 ogm.

F05001H0L Go0mbol 256M98mb ©sd0bdwMEmadol bbgswslbgs bsGolboom
3obobosmgdgo  bmgwgddo (bGgomo, 39Mg30Ls s Msb0) Togbmzcgd-
©@q00L (mM0gg bgbol) bolbedo LsgOMM JnegliGyOHMmEoL d98339LMds
0bMEYds 99oMgd0m Fo0ow0  ©B0BIMMGdOL Mgu0mbgddo; Lo3zzwrg3o
M93006900L dmbsbergmdsdo Lolbedo GMoawoEgM0EIdol 9993390 ™dsdo
o6 2459m3w0bs  LEAIGHOLEZMNMO®  LsOHIMBM  (33w0Egdgdo, ™3
990dhbggzs  domo  89933390™mdoL DAoLl Fgbwgb3os  sd0bdMMgdOL
ba®obbol BOHILE goms.

bosdmocm EMBOL Esd0bdMEMBOL BHIMOGHMM0sDY Tgbmg®mado TmLsb-
@gmdol Lolbeool sbEHOMmsOZsmEmo LESGMLbo 3608369 mgbo o®gds-
3905 50 3565990M0L Lsdmoem Joh39b9gdwol MbL 93 MY0MH© FgEs-
9000 bmRms  GINoGMO05BY, Moy 39B30MmMdIdMEo Fgodwmgds ogml
M6O60BToL  BEH0MEOIMM0 o330l LoLEBIIOL  5EI3GOEOIOO
dmd00oBs300m LsdMsm EMBOL B0bINHFdOL J0MHMdYdT0; SBEGHOMS-
QQO035MH0 (33010 MbY J390m™MGds 2oblis3mmMYd0m Bowowro g3mem-
309960 ©d0bINHFIOL BHgMHOEGHMM05Dg I3bM3Mgd dmbabergmdol Lobberdo,
o3 3560MHMdIOMEo 1dgodergds 0gmb MmMysboHIol sbEHOMoIsMo
©5330L  LobGHIAOL  EOMOYMB30m 3 BIBGHIOOL  LoFoMdoms
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m6560b380 LolEBgdNMo s6MIdOL 396305MFdOL 3OMEILT0 JoBMYMABOEO
3000060090000 BogBHmMgdol doghe oboEo®gdmwo 0dmbmemo LbobEgdol
395d3H03900m s dogmo mJioszoMmo LEHMILOL 30MMdYdTo.  Lolbeol
MMl LobGgds - dgMdbmdostg JoM3gMmos, MHMIgEoE MMM 2oMgdml
93MEMYO0MO 50063950l bstobbo, abg39 M560Bdol
3bGH0MJLosbEHMMO LobBHIIOL oMm0BYEMBOL MHGLMBLYOL Slsbogl.

5050 LEBMOEIMm  93MEMPOMEO  Ed0BINMIIOL  Bmbgddo
(LeagzErgdol bgo@o ©s 3gMg30Ls) 35003wobEs F03MMBOOMZMO dvY)-
3500 YRMIJOOL BmTogMo Imds@gds, gMmoMmgdsl 0dsggb dozmm-
0MH™M3900L MomEYbmdoL Fgd0Mads 9o ©d0bANMHIdME Lemggwol
3960l dlsbargmdsdo; 53 MH™L dgobodbgds bgoslbgs GHodol dodmzgol
5006905  (JOMI5EH0bol  3mbgbLoEos, JoMomeoBolo @y dmsEwm
03m3@mBMMHo  bbgmws3gdo), Msg  @sdsbobos@gdgwos  0b@Ggblov®o
MR OIO0 53Mm3EHMDBOLOMZOU.

3MBdEr03s30g00.  ©oLIMEIE00L 9ol 0My3wog 3s0md399bgdyeos 4
Lo3gEbogeM Bodd™do.

6536mIol ImEMEmds s BGHOWIEHMGS: bLomd@mmem BsdMmdo dmoiegl
890099 05390L: Iglogowro, 3 930 (Wo@gHo@Mol dodmbowngs, dobsems
5 3330l 3900mEado, 1s3MmeMo 253m3z3wg30L 89m9a00), 3bLxs,
13365, 3M5gdBH03mwo 6:93mdgbEs30gd0 s OGEHIMGWIMS.

29000m(399m0s 65093 139 4390BY. bsdMMT0 0EIMLEHMOMYGdIOos 5
gbMowom, 21 LbmGomom, 3oGH0Mmgdwo bsdgogobm odgMs@wcol
B9Lbs 990393V 149 sliobgEgdol Hgommb.

@0oGIM5GOOL dodmbogrgs
5659500500090 V95350090505 oo LsgHmM 335MdOL

©333bs: 5659559Yd (JOMbo3ME) 535D, FomMb 35380~
9070 10330w056Mds FoB30MMBYIMOs 0> FoMGHM Tmbobangmdols
abO3MIM030 LAHMWJBHWOOL (33EOWIIOM  FEPMBSW O EMbIDY, 9MTg©
LosMLYdIM  2oMgdmb  gougstgligdoms @  LobGHGIs  95F0sb0-A5MgIMm
MOHOM0JONJIIIO0L BoJGHMOIOOm.



60ob30olL 565¢woBols IgoMEMEMY0s

6H0oL3YOOL J>OHMZOL LsdSBOLM GBHO3L FoMmTMoYIBL ,,MOLIOL Fgxslgds“.
IPCS  05b5b3s, Log@mbol Homgbmd®ogo dobsbosmgderol - Molgol
5m©YbMdMH030 IBILOSMGOOL sboEro LEHIBIMEHO MZoLMIM0Z5@ sbow
dmbmgzgbgdl vygbgdl dol Fobss®llo s LobHLGHIL - ,xBIGMYEMdOL
“ob3ol dgxoligds (assessment) aobobowrgds, GmamemE  3MMEgLo, HMIgEos
dmo@3sgL 2390939 dJodonMo  gFodBHmeol 8ogzbg  bgdmgdggdolomab
bmE0MYOMEO KbIOMYEMBOL HOLZOL FobloBL3zMLL (estimate), Molgolb
0963begd 396D O3MYJEMdLMIE  (uncertainties) gHOMIWOMBsT0,
6HoLI-BSJBHMOOL 1b3g30x8030L, ,gdudMmBoEool LoEwsEools® s bsdobby
LobBHYAoL  FoboliosmgdEgdOL  Fomgswrolfjobgdom™ [IPCS risk assessment
terminology. Part 1: IPCS/OECD key generic terms used in chemical hazard/risk
assessment; 2010].

3039030509  35BoMmIdMo 330093900l (3sbowMo  9Jb3gM0dgbEo)
139308030056 godmIEObsMY, dgmo Moo BoJBHMMIIoL MoMmEIbmdMOZ
239bLsBWZMS o LOOMMEYIOMIB OOl H39300MHYJPMO, Moo Bod-
AMOO0L MomEgbmdMog0 FobloBrgzms 30 3M0bzoddo Fgmdwgdgros, gb
2396099mgd5 53MH0MMO 496530MHMdIOL 3563390 0bBMEOHTo30v9 IBOGOAL,
9. 9. »3969B0309wmdLY, Moz sOLMBMOZ350 Foblbgogzgdl sl LEsGOLGO-
3960 300030¢gd0Loysb. Mool TgxsLgdolL (3MB0Egdsdo ,8569bwgMY-
@MdoL“ Fomzsolffobgds, Gog sOLMBdMOZ5© A9BLLZO3JdS FoMBmaygblL
08 Losbargl, ®Mmdgeoa dmombmggds Golgol dgxzslgdol msbsdytdmagy
LEBHBIOGHO®. Gobzol Tggobgdol  (3MIowgdsdo 569 BO3MgMdOL
239035¢0b{obgdol  Immbmgbs  FoMdmoagbl 08 Losbergl, ®MmIgwos
dmombmzgqds HobIoL d9x85L900L Mebsdg®mgy LEIbsME0.

»0L3gO0L  8bsEoBA0, Lofilgobo dmbszgdgdol GHodolb  dobggom,
2965Ub3039096  93maEmaom® Imbs3gdgdol sbocroBbg  (exposure-based
Assessments) [Casella, George 1987; Andrew Gelman, et al., 2013; Brani
Vidakovic, 2011;] o 930@gdomemaom®o  dmbszgdgdol  sbogrobby
(outcome based Assessments) dsHoMgdMe Joymdgdl [Environ Health
Perspect, 2013; Martinez EZ, Achcar JA, 2014].
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Martinez%20EZ%5BAuthor%5D&cauthor=true&cauthor_uid=24896046
http://www.ncbi.nlm.nih.gov/pubmed/?term=Achcar%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=24896046

36090¢g90L 2505(Y3930L MobsdgMmgg G9bwogbgogdo
1596053 MolM EmbgbY.

056599000™39 993Dy 063gbLoMEI© 3005MmEIDs ,49BbBOZMgEMBdOL*
d9535L900bs  HgNMI300L  MYMEOMo  FgoMmEIdo. 98 3MBOE30YdOSD
M30M39gl  gmgobls  50bsbodbsgos Fo09gdom03ME  LGHsGHOLEOILS @
3EdIMMOOL MYMEM0s80 sbowo, 9.5 dg0glol oMol Foxgds003w)MO
335M5BH0LS O SWAMMH0MIMWO dsDOL dobgzomstmgds [ Casella, George, 1987,
Andrew Gelman, 2013; Brani Vidakovic, 2011], Gm8gwog 934993690 dgoglols
30OHMB0MO  5EBIMOJOOL  MgMMGTol s 0dergzs  LoTwgoergdsl: 1)
3530053000  3mbo3gdgdol  BsBIBY  MoM©YbMdMOZ5© 39535Lgls
3obsllosmgdgmo, HMIOL 3063000  JbLBOZMS  Fgdmgdgwos, b
©O0QE 39MmEH LoMMEYJOIMD MOl 353000900, 2) MomEYbmd-
0350 99x3sbgl  0bgMEOTo30 856 BOZMIMILMEY  ©s3egzdo-
900 303090, 3) gH056 MIMOmOME doBOLBY dmbEgl Lbgsbbgs
A030L 06xMmMTo300L (93MEMPOWMHO, §300JIOMLMPOOHO ©s 5.9) 0bFJY-
060> s Fs00 3MI3gdbmMo sBsoBo, Gl MbObagwymnal Jgwg-
2990 3505 5FOXJMIOMBS.

0909boL doyMmdols s 3mdbol Mmgacmglomwo dmogegdol [D. R. Cox,
1972] 35%sby ©53v9853900s 93500 VsMS  0630096EHMdOL  LogM3g-
QOMOMO 35M0509MdOL 565¢0BOl Jo09gTomM03MO IMEIEgd0, 2o¢gdml
0L 3-35dEHMMGO0L EMbYgdmMb Tomo 3538060l Mga™Mgloreo ImEIEgdo
[Martinez EZ, Achcar JA. , 2014; D. R. Cox, 1972; .JONATHAN WAKEFIELD,
2013; T.C. Bailey, 2001; Bernardinelli L. and Montomoli M., 1992].
50bodbmo  9mEggdo  EgLIOO3HMO  (3IMGHOMIDS,  ,3XOLEIOOL
09563H0x0300905) s  9BsE0GHO03MMO  930gIomEMmyools  I9MIdOL
9900 996300560905 HoMOMoY)bgb @S ™®0gbEHMGIMWwbo 50D
M30MH39mal  gmgeols  93meMmyoco  930J80MmEmaool  s3m3569d0L
239050Y3930bg. 9055050 ©539F5390W0s O BIMOMP A5IM0Ygbgds o0
30900l M3ol 30m33099GHJOHVIo 3GHMaM3900 WinBUGS/GeoBUGS.

X9BIOMGE™MdOLs s 2oMgdmb o330l LBgMmTo 0bEYaMoMRdWEwo
d0a™dgd0bs o bogombocr® s Wm3sw® ©mbygdby  FsGmnzgol
23905093930 gdol  80Mgdol  m9bs3gM™mgg,  J394bol  L3gEzoxk035BY
™®09bGH0Mg0Mo  LobEgdgdol ©sbgmazolsmgol xsboszgol bmeeom
mM560bogool  dogH  s8mddggdmeo  3OhmaMsds NEHAPs  (National
Environmental Health Action Plans).
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Martinez%20EZ%5BAuthor%5D&cauthor=true&cauthor_uid=24896046
http://www.ncbi.nlm.nih.gov/pubmed/?term=Achcar%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=24896046

00dgMH900l Hg00mbol Esbalinsmgds

930BOGYOE300L 6o 0BTs AodMOgobs o935 YBsMS JEabgdo o To-
00 BogsMsm JoBgHBMdM030 3530060 2M93mb ©35d0BIMMIdIWIIMD,
M30MH39gl gmgobls gl 899bgds Hgl3oMmsEMmMmE ©s5390gdgdL, MHrMdwg-
003 bMEoMmEIB0sb sEHIMLg Mo dBH3MoL bofowszgdol Bgdmddgg-
05lsb.

35695630l BmglogzmGMmdol I9dsbobdgdo

Mn 956900l gdbdmbogool dggagdo 960d36gcmmabo asblbgazgds
36Hmx8gLoo 1odd0sbMdLME 35300090 ME FodM30bIdIOOLLRB. gl
13956553690 MFOHM I0gMHos s (3350, J9BLEIMMGO00 Lsfotdmm
360Hm39L90d0. 2oMmgdmb 9JudmboEos MBOHM Eds0s, Fy3gBHo ©s bs3-
Wgds© dgMyg30, 0oa®sd Tgboderms 03w gbs  dmobobml  smEggw
dealobergmdobg Fomo sbo3ol, XBIOMI™MdOL BEYMTsMHgMdOLS ©s  g-
63303760 8aMoEMmdol dobgwz0m. dmbobwmgmdols gdldmBoiool fgstm-
900 890dgds 0gmb 45blbgs39do 4gmaM530wo 3EgdsMIMdOL, 3wo-
3s30L, 3996906030 MbOL, Fmbsbegmdol 33980l h3g39d0Ls s 0bogo-
Q©95¢)OH0 X 96IOMGMdOL dymdsmgmdols dobgzom.

0glos30IMHO LEAHMILOL GmEo LbgsEILHZS 535YDSIS
3smgbgbdo

3MEbO MmGOYboHTT0 Koby30000 S s©0EYIBOMO 3MIM3gLYOL FMGOL ds-
@bbo  (OHgomdl dsgrsblo 8608369¢mzs6 HMEUL SLGIEgdL Y gEOL
BMdome 3bm3z9wddggdsdo s dg@Eedmmrmo 3Mmglgdol obgoome-
$90500; 8oLo brmMIOLAD A5bGS 30 395306 JdM0S NGO MY JOHM-
603mMwo ©s ©rabMsE0Mwo 3HMEgLYdOL gb30MIMGDMB. bsBggbgd0s,
O™d  MHgmdu-dssblol 33wowgdqdo ofggzl IMsz5wo  9BIJGHMOWO
BOWgdoL  5d@03000L Fg33wsl, MHMIwgdoi dmbsfogmdgb My g
Lsbogbowm 3MmEgbgddo. MxMHIMEXo 36mEgLgdol MHgMmgl-MgarEsEos

obobogds GMMOE MYxROIOL BMBI30MMO  5BH03MBOL  MYYMESEo0L
9009000 BbTI6EHMEGo 89dsboBdos..
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33930l Aslssems s d90mEgdo
353096900

d9lfogaomos FosmMo Ms0mbol LmBwgdol bHgomo, 3gMgzoLs s
3960, dmbsbEgmds (400 3060), 359m33wgmwo b. yogdodol Lobgumdol
®9b3dE03MM0 L9350TYMBML bsTgEOE0bM 3gMLMbsE Ol Lsobogos@ogzm
X399980L  d0gH  Fbobergmdol  Lagmggamsm  ©sH®3g3ol  Lobgwdfogm
30 M3l BoMwgddo.

beggdo  3g6Mg30Ls, bMgoGHo o Masbo  bsolosmgds  Lbgoalibgs
93MWMBOMMHO  ©Esd0bIMNMIOOL  mbom, o3 ©S39300MYIMYos 5T
begEgdol gsblbgs3900 EsTMOHIBOm 93MEMYO0MMHO Sd0EINOHYdOL 39-
606 - 85basbdol Im3m3qd0L  BoMoMmMmLb, sBg3q BoMoMmMgdTdo  Dsb-
39699900 8m3m3900L ol8GHodgd0m, Moz LOI0IE BB JINIMSE {350~
93l L8O gdsL dmgobEObMm 98 LMmEgdol Msbg0MmYds §3MEMAO0MMHO
53581 Mdol dobg300: bHJom0 - B, 390930Ls - Lodmswm, Grsbo
- 39650 [doGEboesgs 3., 8. Mo®dsbo, 2011, 2015].

dealobegmds [oboliffo® ogm 0bxgm®mIomgdmwmo 9Jodgdol Bsdmbzerol
Agbobgd;  96596gBoL  TgaMmzgdoL oM@ 353096FJOL  MEHIMIdIM©s
3w06030m-83996d30996M0 450M330093900, WsdMMGHMOHEo (Lobbeol Logh-
oM 5bse0b0), 3¢0603M0 (3mwIm-sb3EHE0s) ©s 0BLEHMIgDEHMO
(L30MMPYGHO05, Mg6GHYI6MYM5305, gJmbzm30) 33¢g3930L Bsmzwoom.

239003 gboo 9350090930 JloGOE0MYOME 0dbs 935V OIMS
LogHmadm®obm  gemsbogogzsgool  (ICD-10)  3mgdolb  dmbgzom.
delobergmdsdo dgbfageoo odbs sgMgmgg Lobbeol Mgmdu-dowsblo,
0300M0 33wobl 35839698 gd0 s Bo®oMs 39by@03mMo 33eg3900.

Lolbenols Hgomdl-dogrsbliols glifsgams
353096@9d0L Lolbol MHgEMJL-doesblol Fglifogwsls 3sfoMmdmgdom
3m©ox030Mgdwo DPPH (2.2-poygbow-1-30300w30msbow) @gb@ob

89939mdoo [Chrzczanowicz J., et al., 2008; Gvilava I, et al., 2018, Urquiaga I.,
2017].
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https://www.ncbi.nlm.nih.gov/pubmed/29905567
https://www.ncbi.nlm.nih.gov/pubmed/?term=Urquiaga%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28243359

0300 (33¢0l 3565393 MYdOL 3oblsBMZsMs

@030QMHo  (33¢0L  35M539BHMPRL  (LEgBDM  JeErgbBgmeno,
OO0ZL0EIN0RIDO)  gLEBERZMFROM  LEHBLICGIwo  FgPdgbdyw-
350M039¢OMEo 9900mEOobL bdwmowgdoom.

3969403®0 336093980

JO®AMbmIMwo sMM393900L MHgaoLEGMs300l dobbom ZLsbrMmsgwom
3036Mmd0MH™M3900L MBIl 3000l VO WMOfm3560 oMol s8mbsgbgddo
[Bearvhuaze A., 2004] s650635%B0w6 d900m©00.

LGo@EobGognmo sbagrobo

BLAHIGHOLGHOZNO  BoewoBL s 9MIROZNM  30DWOODBI3OL
350508 gd0m 3MHMPMmdMwo 353930l STATISTICA-10-L gs8mygbgdoo.
390093900 9booBol EMML  4dm0oYygbgdmEs  35MH0sE0IEO  65EOobOL
(ANOVA) 89¢m©gd0, ¥ 300&g00w30 (8069dwmo ©s dmbsembgmo
LobLoMgadol 9650%0) ©s 3MoBIH0Mdo Z (OO 3OHM3IMOE0sL Tmmol
Lb35m00L LEHGOLE03WMO I60d36gEMdOL gi3olgds).

256bixs

§0bsdgdsmg BsdMMITo Bz96 JoBbo ©sg0Lobgm Towowo s dSO
030MA0M0 3350 MEMdOL Dmbgddo  xsbdMMYMdOL MOl 939~
©g0505  3sbgdol  dobggom  GgBobgds, s0bodbmw  Bmbgddo 3Mod-
G0N0 XIBIOMGEo Fmlsbergmdol 3m3mGm@Egddo Moyo dmEg3w)Ho
(00Mmx530b039960, d0mJodoM™o), 30A™YI69EH03MNM0 FobolosmgdEGdOL ASb-
LobgMs 2oMgdml 5369 Bgdmgdggdslbmsb sbmEo®gdveo Gobzolb dom-
900396900l 899853900L dobboo.

B39b0 33930l 30M3zg gB3bg Bggb oBbo oz0Lsbge 3mbB3Mg-
Ao Mg0mbol  Fmbobegmdol  535MdsLy @S 302096-93MEMA0MMHO
Mol3gdL dmMol  FobYBL-099aMdMO30 39300MBOL sAIbs.  33arg30L
360HmEqbdo  535MdOL Tgbobgd Tm3m3zgdo Imbs390gdol  Loggmdzgu By
3o0mgwobs  Iglfogowo  Hgaombolsmgol ©sdsbsliosmg-dgero
Q05535JOsMs  3EdLYdO - FowE3gool  JOMmbogMwo  mdLEOYIE0-wEo
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5535705 (BJM), JOMBo3Mo dMMbJoGo, sOGHIMoMwo 3039MEH96%oo
(J44, J42, 110), ®mdwgdog 80BgH-890gamdOH035®  ©9395380M9dw)w0
890d@gds 0gmb 35630mb B5JEMOHgd0L Bgdmddggdol dgladerm 439MHEOmO
0M3LOLMMZ9  9839dBOMSB. 8993300l LEHGHOLE03WOO Lo®fdMbmgdol
oboeobBol  Logwdzgabg  oEAObEs, MMI  Fgbfogwow  Lmgagddo
©5830JLOMES  LEAHGHOLEO3WOMO®E  Lo®fdmbm  Lbgomds J3gs Lolybodo
PN oJglefell] JOmbozmero Q0553500J09d0L, 245BLs3MMMgdom, J44,
36935m9b@™dol dobggom, 35906, HM@bsg sOEHIO0Mwo 30393 gbbools
36935mgb@Mds HMIgodg  EoLabgdmE 3963300 LEHOGHOLE03WMS©
Lo®FINbM o6 oym.

299m3 9600 935009090 Mol 0By BL-399amdMH030 35380M9dOL
(9000EMPOMOo  FodGHmMol  dgbsdwm  0EIBEHMO®BdOL  3BoGEHIMHoMIol)
©5960L doBbom  JsbBHgPwo LEIGOLEGH03MOO  SBooBol dgom-
©gd0m  dglfogoe  odbs  3MmMgEsE0gdo  Lb3oolibgs  3ommEmaogdl
0. oy bowos, MHmamez d0bodMdo, d3m@gbiomdas dobyBL-d9wg-
3M0M030 39380030 IYMGO 35MME0P0MS MO0 JESLEHIOHOL sOGLYOMDS (J44,
J42, 110 o 187, G90, M, KB81). 59539 ©@Mmb 50Lobodbsgos 3gbocools
M9bymeo 300HgwsEool dobggzom Lsdfdxmbem 3mMgws30gdol sOLYGdMDS
3900396005 dbmmm J44 s J42 300mEmyogdl dmeob.

Lobgboodo 2900l JOMbogMe  @©935gBss s IOGHIHOMEn
3039603H96%Bosl dmeol  dobyBL-090gamdMH030 3530000l SMMLYdMds  Tg-
0dgds 496306HMBdMo 0gml gdmbgegoms sMolszdagolbo Momgbmdoom
Q5 59539000 458M 33390l dombM3L.

0060300, Bg0mo dmyz060¢0 sbseroHol Iggas© dsdmgmgboe 0dbs
3500M@MR000s  XyMBo  (J44, J42), GmIgEoE  sdsmmdOL  Towsro
bs®obboo sbmEoMgds 56MHgInl gosJ@mMMmgdol s®oLslwyMzqwr bqdmddgwg-
05LMSD Fos MmOl HoMbol BmyogMm Lmggedo, M3 F0MOMGIL FoMmgdml
39dBHMOMJd0L Bgdmddggdol Lsdobby MmMABMIdOL SOLYIMDSBY, oMMl
00 GoBHmMmIdol  4o3MEIWgool  FoMIOMBHIRDY, ©o  Bgdmddggdol
99do60bdgdby.

JOMmbozMwo dGM™bbo@dol, Bmd-obs s, 9xMgm3Y, Fomo KsIMNMO
0oh396900l  Fsblgdol  Fgn3oMEadoL  SBoeroBol Iggas  dgbfaguroq
3m399wo3090d0  459mz3wgboos  FoMmomgdgbh  935MdOL  Mbgls s
QsLObgdMe 36339000 930MEMA0HO 3O MdOL bo®olbl dmMol
30BgBL-0909aM0M030 LBESEGHOLEH0IMMI® Lo®fdwmbm 3530060l SMLYdIMDdS.
239M99mb Bgdmddggdol 0bEHablogmdols s Fslid@edgdol dgg3sligdol do%b-
Boom (©sd0bdMGmgdol 3mb63gbGMsE0s gdudmBogool HadGHowdo, hsGGHzol
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Introduction
Relevance of the topic

According to World Health Organization (WHO), from the second
half of the twentieth century, the leading place in morbidity and
mortality was taken by the non-contageous diseases(NCD).

In 2015 year,globally, almost 55.8 million people have died, 71.3% of
these deaths were realted to the non-contageous diseases . The main
reasons of the NCD were cardiovascular (17.9 million), oncological (8,8
million), chronic respiratory diseases (3,8 million), diabetes (1.5 million)
and renal chronic diseases (1,2 million). It is notable that the increase in
global death rates in 2005-2015 is mainly related to the deaths caused by
cardiovascular disease 12.5%, cancer 7.0%, diabetes 32.1% and renal
chronic diseases 31.7 %. This circumstance cannot be explained by
changes in the population age structure - population aging,as while in
the 1980-2015 the expected life expectancy has been increased globally
by 10.1 years, from 61.7 to 71.8 years, [GBD 2015], only in 2005-2015
the age-standardized rate of mortality caused by cardiovascular disease
has decreased by 15,6%, cancer by 10%, chronic obstructive
pulmonary disease by 22,9%, and asthma by 31,3%.

From all these positions, a significiant impact on the population’s
morbidity and mortality,asit has been obtained in the last decade, have
the environmental risk-factors; according to the WHO researches, 12,6
million cases of global deaths, which is 23% of total deaths, are associated
with adverse environmental factors, for 22% of global burden of
morbidity. One of the most important factors among the environmental
ones is atmospheric air pollution, which is about % (24%) of the ischemic
heart disease of the heart (2012, WHO).

Respiratory diseases are closely linked,and they are ont the third
place in the world among the non-contageous deseases causing death.
According to World Health Organization, 235 million people worldwide
have asthma, 64 million people have chronic obstructive pulmonary
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disease, and millions of people suffer from allergic rhinitis and other
chronic respiratory diseases.

These conditions are related to the fact that environmental and
health safety systems in the world’s developed countries, instead of the
current standard control and protection system, will use a new risk
management principle [WHO 2011;,
http://www.epa.gov/lawsregs/laws/caa.html],

Quantitative characteristic of the threat- a new standard for
quantitative risk assessment has new requirements for its contents and
accuracy - "Health risk assessment is considered as a process which
includes the estimation of the health risk associated with the harmful
effects of the chemical / physical factor , jointly with the risk
accompanying " uncertainties”, specifics of the risk factor, "exposure
situation" and the sensitivity of the target system on external impacts
[http://www.who.int/ipcs/methods/].

Due to the specifics of research (passive experiment) based on the
population,the quantitative determination of a number of factors is
associated with great difficulties,some factors are impossible to be esti-
mated, it leads to the information deficit,so called "uncertainty”,which
essentially differs from statistical error. Considering the "uncertainty"
in the risk assessment error is a novelty,that requires a risk assessment of
modern standardsIn epidemiological and ecological studies based on
populations, which are the methodological base of NCD risk assessment,
The "uncertainties" are associated with the risk of chronic disease
development (1,2-2), that requires increased capacity of research cohort,
2) long lateny period (synergistic effects of the complex risk-factor
affects,long-term studies), 3)a Strong dependence on endogenous
(Genetically determined and phenotypic, age and sex)or exogenous
factors in the development of pathology and/or their interaction. This
circumstance is related to the realization of individual and population
sensitivity mechanisms in specific geographical geographical areas
[Interindividual Variability: 2015; Genomics of Racial and Ethnic
Disparities in Childhood Acute Lymphoblastic Leukemia. Cancer. 2014].
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These difficulties are increasing in people residing in small
geographical areas ,at the risk estimation of the impact of the local
sources’ ecological threat (so-called risk-specific assessment).

All of the above requested the development of new approaches and
methods of "uncertain” redundancy in health risk assessment and
showed the necessity to develop the methods,and this modern stage will
be considered as the priority of life-learning, natural sciences and
medical sciences.

The problem solving conceptual basis is to consider the " reliability "
and statistical credibility of health risk assessment through integrated
analysis of various types of evidences, which requires the processing of
complex epidemiological, molecular-epidemiological and ecological
research methods and their structuring principles

The subject of the intensive examinations in this direction is the
search for new genetic, biochemical, biophysical cellular markers(dosage
and effect markers) in early pathological shifts induced by
environmental stress ,and definition of cheap and operational testing
systems, the study of structural-functional peculiarities of the organism,
which are related to the severity of the disease, depending on a dosage
(sensor marker).

We should note the development of the mathematical apparatus and
algorithmic base in so called approach in the mathematical statistics
and probability theory [Casella, et al., 1987; Andrew Gelman, et al.,
which allows the integration of different types of information on the
theoretical base (medical statistics, epidemiological, biomarkers,
research, ecological data, etc.) and their complex analysis, which
significantly increases the credibility of the assessment, gives the
quantitative assessment of "uncertainty" [Martinez EZ, 2014; Sarah
Pirikahua, et al., 2016].

Developing a methodical and informative base for site-specific
assessment of health risk has a high revelance for Georgia,too,as there
are many ecological tension zones in Georgia, rehabilitation of which
requires to take serious operative measures, from this point of view,
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taking into account the ecological problems of the Bolnisi district and
Upper Imereti region and the health problems associated with them is
enough.

Based on the above, the most important objective of modern
technologies is the development of the optimal scheme for site-specific
assessment of the health risks characteristic in Georgia

Information on morbidity and mortality of Georgian population is
aggregated at least at the regional (municipal) level and is less useful for
site-specific assessments, in recent times the aggregate data on the level
of medical statistics at the level of agriculture has been published,but
there was the information only about the malignant tumors.In this
connection, it is important to find the alternative sources of information
on the health situation. The real aimed perspectives in this direction is
the information obtained through the outpatient surveys of patients
under the general insurance program of the population by the initiative
group of N.Chapshidze republican hospital.

The previous thesis represents an integrated analysis of oxidative
stress, iological markers of metabolism and genotoxic impact of the
environment in the population's health characteristics in small
geographical areas, Considering the tension of the environmental
ecological situation.After holding the analysis of morbidity structures
and quantitative transmitters it will become possible to:

1. Identificate the pathology complex with potential disadvantages of
cause-related environmental factors,target organs, spreading routes and
the impact of the pollution factors.

2. Select the quantitative traits of the disease, in terms of optimal
environmental impacts(comparative risk, attributable risk, evaluation of
chances).

3. Evaluation of the terms and criteria of representation of the given
results, which is necessary to evaluate the environmental impact (impact
intensity and share of exponential population).

The purpose of the presented thesis:
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Assess the health risk according to the disease classes in the high and
low ecological tension zones, In the stated zones, a number of molecular
(biophysical, biochemical) and cytogenetic features should be defined in
tne cohorts of the health population in order to develop the risk
biomarkers associated with environmental harmful impacts.

Research tasks:

7. Collecting of information on ecological situation in Georgia and
holding a retrospective analysis of the potential ecological tension
geographical area (region), identifying potentially dangerous chemical
stresses for health.

8. Collection of data on morbidity and mortality in the study area
from selected medical centers and various local and central statistical
organizations. Identification of statistically high and low geographical
areas of non-infectious morbidity with the data-space analysis of
medical statistics.

9. Selection of sufficient cohort patients with statistical conviction in
the high and low morbidity zones, taking into account the inclusion and
exclusion criteria.

10. Determining the metabolic (lipid shift, redox-status) and genetic
(molecular and cytogenetic characteristics) indicators of patients in
selected cohorts. Choosing the desease risk correlates using the
comparative analysis of indicators distributions in high and low
morbidity zones.

The innovation in the scientific research:

The given hypothetical pathogenic model helps determine the risk
of respiratory and circular diseases and their dependence on the level of
atmospheric pollution and creates epidemiological data interpretations
based on biomarkers (in the presented model,the main trigger of the
chronic obstructive pulmonary disease and arterial hypertension is the
respiratory ttract inflammation initiated by the athmospheric dust).
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According to our hypothesis,during the chronic inflammatory process
initiated by moderate pollution of the atmosphere, oxygen free radicals
and other anti-inflammatory mediators that are released in the
respiratory tract and systemic circulation, and however, they promote
mobilization of anti-radical and replication mechanisms to ensure the
stimulation of the genomes of somatic cells in the body,as a result of
high chances of chronic ulcerative pulmonary illness, the risk of
hypertension increases.

Under conditions of high level of environmental pollution, the
damaged tissues of the respiratory tract may result in the development
of permanent intense health problems,which promotes the development
of mainstream changes in the genome of cells, causes the intensification
of m53-dependent apoptosis mechanisms and secondary oxidative stress,
which causes damaging of apoptotic cells’ microenvironment, the
development of fibrosis and other local effects,that are likely to occur
with increased risk of lung chronic diseases.

The presented pathogenic model connects the risk of respiratory and
circular diseases with the level of air pollution,with the leading role of
the oxydative stress, to the status of antiviral protection of the cellular
and systemic mechanisms and genomic stability of the body.This model
has a wide range of further development, but it may require
specification and verification.

Theoretical and practical value:
Theoretical value:

1. The modern ideas of deep pollution impact mechanisms on the
body will be deepened;

2. For the first time, in terms of specific ecological tension zones of
Georgia,for ethnically homogeneous subpopulation settled in a mere
small geographical area , the connections (dose-effect) between the
environmental pollution levels (in the air) and probability of the

31



harmful effect development,which will impact health,will be
determined;

3. The cause-effective relationships between the mechanisms of
induced respiratory diseases and circular diseases caused by
environmental pollution have been clarified;

4. Types of epidemiological and ecological field and laboratory
investigations have been developed,their parameters, theoretical models
of primary processing and analysis of data and mathematical apparatus.

Practical value:

The present thesis may be condidered as one of the modeling of
ecological risks research in small geographical areas,which can be used
for monitoring ecological risks in the industrial regions of the country,
after being developed and modificated.

Key provisions for protection:

There are chronical deseases (chronic obstructive pulmonary disease
and chronic bronchitis), which are statistically linked to the possible
adverse effects of environmental factors (with the side effects).
According to prevalence, a statistically significant difference is
determined by the prevalence of chronic respiratory chronic
diseases,while the prevalence of arterial hypertension in any territorial
area is not statistically significant.

In the different environmental pollution level in Chiatura region's
villages (Khreti, Perevisa and Ragan) ,the content of common
cholesterol in the blood (of both sexes) increases in the regions with
high pollution levels; a statistically significant difference was not
mentioned in the blood’s content of triglycerides of the population of
the examined regions, however, there was a tendency of increased
contamination in the highly polluted regions.The anti-radical status of
people living in the middle level pollution area is significantly higher

32



than the level of average value of this parameter in ecologically clean
area,which can be conditioned by adaptive mobilization of the body's
anti-radical protection system in the average pollution conditions; the
anti-radical protection level decreases in the blood of population living
in high ecological pollution,which can be due to the suppression of the
body's anti-radical protection system with the abundance of pollutants
and due to activating the immune system,which was initiated by the
proinflammatory factors in the process of systemic acute inflammation
in the in the conditions of the strong oxidative stress conditions.

Blood redox System- a sensitive marker, which shows and
highlightes the environmental pollution levels as well as the variability
of the body's antioxidant system.

In the low and medium ecological pollution zones (villages Khreit
and Perevisa)a moderate increase of the micronucleus buccal cells was
observed,the attention is drawn to the fact of the decrease in the
number of micronucleus in the highly polluted village Rgani’s
population ; at this time there is a different type of kernel(nucleus)
damage (chromatin condensation, karyolysis and apoptotic corpuscles),
which is typical for intensive cellular apoptosis.

Publications. 4 dissertations have been published on this topic.

The volume and structure of the thesis: The doctoral thesis consists of
the following chapters: introduction,three chapters (literature review,
materials and research methods, outcomes of the research), discussion,
conclusion, practical recommendations and the literature used .written
in 139 printed pages. The thesis has 5 tables,21 picture, the list of
medicine quotes containing 149 sources .
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Literature Review

The share of non-contageus diseases in the structure of general
morbidity and their losses

Non-contagious (chronic) diseases and mortality are caused not only
by the change of the age or the population at the global structure level,
but the worsening of the living environment and the system of people-
environmental interaction factors.

Risk analysis methodology

Due to the specifics of research (passive experiment) based on the
population, a quantitative determination of a number of factors is
associated with great difficulties,and the quantitative determination of a
number of factors is impossible,wich leads us to some informational
deficite, so called "uncertainty”, which essentially differs it from the
statistical error. Considering the "uncertainty" in the risk assessment
error is a novelty ,which requires a risk evaluation with modern
standards.

Risk assessment types

In the modern stage theoretical methods of the "uncertainty”
assessment are being developed. From these positions, first of all we
must notea development of the new,so called Baese’s approach in
mathematical statistics and probability theory [ Casella, George, 1987;
Andrew Gelman, 2013; Brani Vidakovic, 2011], which is based on the
Baese’s proprobability theory and gives the opportunity to : 1) using the
indirect data base, quantitatively evaluate the characteristic ,which can
not be defined in a direct way, or have methodological difficulties. 2)
Quantitatively evaluate the error,related to the informational
"uncertainty”
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3Integrate different types of information (ecological, epidemiological,
etc.) on a unified theoretical base and their complex analysis, ensuring
high conviction of results.

On the basis of the Beyse's approach and Cox regression models s [D.
R. Cox, 1972] mathematical models of analyzes of space incidental-time
variables, regressive models of their connection to environmental risk
factors have been developed [Martinez EZ, Achcar JA. , 2014; D. R.
Cox, 1972; .JONATHAN WAKEFIELD, 2013; T.C. Bailey, 2001;
Bernardinelli L. and Montomoli M., 1992]. These models represent the
development of descriptive(carding, identifying the ‘cluster') and
analytical epidemiology methods and are primarily focused on solving
the problems of ecological epidemiology. Currently,special computer
programs WinBUGS/GeoBUGS have been developed and are widely
used for these models’ calculation.

In ordetr to create a country-specific system in the sphere of health
and environmental protection , and use the integrated approaches and
make decision on the national and local levels,The World Health
Organization has implemented the NEHAPs programme(National
Environmental Health Action Plans).

Characterization of Imereti region

The analysis of the epidsituation has revealed the disease classes and
their connection with environmental pollutants,first of all, it concerns
respiratory diseases, which are associated with atmospheric dust
particles’ impact on health.

Mechanisms of manganese toxicity

Main ways of Mn absorption by human organism are : inhalation,
nutrition, less - through skin and parenteral way. Mn environmental
exposure results are significantly different from manifestations related to
professional activity. The latter is stronger and more variable, especially
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in the manufacturing processes.The environmental exposure is lower,
continuous and less volatile but may affect vulnerable populations
according to their age, health status, and genetic sustainability.Exposure
sources of population may differ depending on geographical location,
climate, natural level, habits of habitats and individual health
conditions.

The role of oxidative stress in the pathogenesis of various diseases

Redox balance plays an important role in normal cell life and
metabolic processes; The deviation from its norm is related to the
development of a number of chronic and degenerative processes.We can
see, that changes in redox-balance leads to the change of many efficient
proteins.Redox-regulation of cellular processes is considered as one of
the fundamental mechanisms for cell functional regulation .

Research material and methods

Patients

The villages of Chiatura region Khreiti, Perevisa and Rgani have been
studied. (400 people), examined by the N.Khifshidze Republican
Hospital medical personnel within the framework of the state general
surveillance program of the population.

The villages of Perevisa, Khreiti and Rgani have different ecologically
polluting levels, which is related to different areas of ecological
pollution of these villages- from the Mn mining, which gives us an
ability to rank these villages according to ecological tensions: Khreiti -
low, Perevisa - average, Rgani - high [Mirckhulava M., Uirman, 2011,
2015].

The people was informed about the arrival of doctors;in addition to
collecting anamnesis patients were provided clinical-functional
examinations, laboratory (blood analysis), clinical (pulmon-
acupuncture) and instrumental (spirometer, radiography, ecosystem),
studies.The identified diseases were classified by the International
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Classification of Diseases (ICD-10). The blood redox-balance, lipid
metabolism and genetic studie were also held.

Study of Blood Redox Balance: We studied the patient's blood redox-
balance through theDPPH (2.2-diphenyl-1-picrylhydrazyl) modified
test [Chrzczanowicz J., et al., 2008; Gvilava I, et al,, 2018, Urquiaga I,
2017].

Distinguishing the lipid shift parameters: We distinguished the
parameters of lipid metabolism (common cholesterol, trichlycerides)
using a standard enzyme-calorimetric method.

Genetic studies: In order to register the chromosomal disorders, we
measured the level of the micronucleus in the oral mucous membrane
[Zedginidze A., 2004] using the non-invasive method.

Statistical analysis: Statistical analysis and graphical visualization
were made using the STATISTICA-10. During analyzing the results, we
used the virological analysis (ANOVA) method, x? criterion (analysis of
the received and expected benefits)and criterion Z (the statistical
significance of the difference between the two proportions).

Discussion

In the present thesis we aimed at assessing the health risks in diseases
in the high and low ecological tension areasDetermining the number of
molecular (biophysical, biochemical), cytogenetic characteristics in
practically healthy population cohorts in the above zones in order to
develop risk biomarkers associated with environmental adverse impacts.

At the first stage of our research, we aimed to establish the cause-
effective connections between the population of the particular region
and hygiene-ecological risks.

Due to the data obtained on the morbidity of the research, the classes
of the disease characterized by the study area - chronic obstructive lung
disease (chronic bronchitis), arterial hypertension (J44, J42, 110), which
can be connected to the consequences of possible adverse effects of
environmental factors, based on the statistical analysis of the results, it
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was established that in the studied villages there was statistically
significant difference between chronic diseases of lower respiratory
tract,, J44, according to prevalence, while prevalence of arterial
hypertension was not statistically statistically relevant in any settlement.

In order to determine the causal-cause connections (The possible
identification criterion of the ethical factor) between the identified
diseases ,the methods of clustering statistical analysis have been
correlated between different pathologies.The existence of two clusters of
potentialy connected pathologies has been established (J44, J42, I10 s
187, G90, M, K81). At the same time, the existence of reliable
correlations between the J44 and J42 pathologies,according to the
Kendall correlation coefficient.

The absence of causal connection between chronic diseases of the
respiratory tract and arterial hypertension It may be due to inadequate
quantity of cases and requires additional examination.

Thus, a group of pathologies has been identified as a result of the
above analysis (J44, J42), Which is associated with the high degree of
probability of environmental factors in undesirable impacts in some
villages of Chiatura region, which indicates the existence of targeted
impacts of environmental factors on the living organism and impact
mechanisms.After studying and analysin the chances of the chronic
bronchitis, lung obstructive chronic disease and their total rate in the
population, the existence of a statistically significant connections
between the level of morbidity and the ecological tension level was
indicated. =~ To assess the intensity and scope of environmental
impacts(pollution concentrations in exposure point, intensity, the risk of
subpopulation, etc)a compliance analysis between the characteristics
and general prevalence of selected samples should be studied. Since the
conducted medical examinations are non-randomized cross-sectional
studies, the prevalence of chronic obstructive pulmonary disease in the
volunteer population will be different from prevalence in the main
population.This also leads to a significant margin of error in
interpretation and evaluation of the results, first of all in the study of
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male subpopulation.An optimal way of solving such complexities is a
stabilized analysis [Hennekens CH, Buring JE., 1987] — Selection of the
indicator subgroup in the chosen groups.

As it is known, chronic lung disease is characterized by a long period
of development (the symptoms of the disease are revealed in persons
older than 35 years of age)[Shahab L, et al., 2006]. Consequently, the
chances of developing pulmonary chronic disease in the groups of 40-50
, reflects the impact of the environment on them. The probability of
forming chronic diseases in a group of 40-50 people of the same
population is relatively high, according to the criterion "health
problem", the selected group (40-50 years old) can be considered as a
representational. The effect of defining stratification on age and gender
is revealed in the tendency of convergence of men and women of 50
years of age groups.

Based on the analysis results, held in the populated areas, we
identified the disease classes,statistically connected to possible adverse
effects of environmental factors(lung chronical disease, chronic
bronchitis). Significant differences in prevalence of chronic respiratory
diseases in the studied villages directly indicate on the air pollution in
the regions (according to WHO recommendations).We identified the
connection between chronic diseases of the lungs and the ecological
contamination of the territories (about 5-7 times higher in the village
Rgani than in the Khreiti). The above analysis showed high information
in the data received in the outpatient examination of patients in terms of
detecting local cores of ecological tension.The obtained results can be
considered as the initial input data for the multiple regression model,
which allows us make a detailed quantitative analysis of the
connections  between the quality of ecological tension and the
population's illness, taking into consideration all possible uncertainties.
Study of chronic diseases mechanisms associated with adverse effects of
environmental risk factor is a topical problem of modern medicine.
Thereby, chronic respiratory diseases are significantly associated with
air pollution and take third place in the world by lethal outlet
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[Engstrom G, et al,, 2010]. We studied the nature of the cause-
connections between chronic diseases of the Ilungs and the
cardiovascular disease in the population of the Chiatura district villages,
in the different ecological tensions conditions.

For the identification of associations between the chronic disease
and cardiovascular diseases, we conducted an analysis of the comorbid
epidemiology of patients,suffering from the lung chronic disease. The
risk of cardiovascular disease in patients with pulmonary chronic disease
is considered as a criterion for our hypothesis,as in the main population,
the risk of primary cardiovascular diseases is statistically exaggerated.

The obtained results the existence of a close cause-connections
between chronic diseases of the lungs and pathophysiological
mechanisms of arterial hypertension development show in the villages
of Khreiti, Perevisa and Rgani.But there is a more competitive link
between arterial hypertension and chronic obstructive pulmonary
illness, or the effect of mutual enhancement,since the likelihood of
arterial hypertension and chronic obstructive pulmonary disease in the
conditions of low and medium intensity ecological tension is almost the
same While high ecological tensions, the risk of developing chronic lung
chronic diseases increases sharply, and the risk of developing
hypertension is reduced by approximately 2-3 times.From the
standpoint of the pulmonary obstructive disease and the
pathophysiological mechanisms of arterial hypertension, the more
adequate model of the resulting interpretation is the inflammation-
based model, which is based on the inflammation process and related to
the oxidative stress, initiated by the atmospheric pollutants in the
studies villages (dust particles). Based on the analysis of epidemiological
data, it became possible to identify the scheme of pulmonary chronic
diseases and cardiovascular diseases (arterial hypertension), and after the
analysis of athogenetic chains,including the identification of individual
characteristics of metabolism, which has a defining meaning in the
direction of pathological process development (biomarkers of sensitivity
of specific pathology) also the severity of the disease progress (effect
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biomarker),and in terms of biomarker research design, which requires
a comparative analysis of the whole available available medicine-
biological indicators. At the given stage of the study (model verification
stage) we studied the villages of Chiatura region, Khreiti, Perevisa and
Rgani, in selected subpopulations we studied blood redox-status and
lipid metabolism and bulk cells’ micronuclei allotment.

Based on the results of the survey,taken on the lipid metabolism
parameters (common cholesterol, triglycerides) in the blood (of both
sexes) in the villages of Chiatura region (Khreiti, Perevisa and Rgani) in
the varying degrees of environmental pollution, we found out that the
contents of the total cholesterol in the highly contaminated region
(Rgani) statistically exceeds its contents in relatively low pollution
regions (Khreiti, Perevisa); Statistically significant changes in the
triglycerides in the blood were not mentioned in the studied regions,
however, there is a tendency to contamination increase with the
increase in pollution. In the village of Rangani there is a tendency to
increase the spread of hypertension.We used the blood redox-level
indicator to verify the key hypothesis of the model - systemic
inflammatory process, while the micronuclei tests were used in the
biological organization's cellular and systemic levels, in order to
indificate the biosynthesis of possible biological mechanisms of dose-
effect. Redox-status analysis of patients showed us, e that th blood
antiradical status of the people living in Perevisa (the medium level of
pollution) significantly exceeds the level of this parameter in the
population of the Khreiti,which can be conditioned by the adaptive
mobilization of the body's anti-radical protection system under
conditions of pollution. A decrease in the level of anti-radical protection
level in Rgani (located directly in manganese mining points) should be
noted. This circumstance can be interpreted by the suppression of an
organism's anti-radical protection system and activation of the immune
system initiated by proinflammatory factors allocated in the systemic
inflammation process in the body and under conditions of strong
oxidative stress.
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Only a small part of the pathogenic mechanism was used to identify
the biomarkers and to interpret the results obtained our study.From the
positions of Austin Bradford Hill (HILL'S CRITERIA OF CAUSATION),
the minimum is enough to determine the cause-connections between
these ethological factors [Hill, Austin Bradford (1965). Izquierdo JL, et
al., 2010].

In the low and medium ecological pollution zones (villages of Khreiti
and Perevisa) in the study of micronucleus, the moderate increase of
micronuclei in buccal cells was seen. It should be noted ,that the
decrease in the number of micronuclei is seen in the more polluted
regions of Rgani; At this time there are different types of kernel damage
(chromatin condensation, karyolysis and apoptotic corpuscules) which is
typical for the intensive cellular apoptosis.It should be noted that the

«_

value of “p” is beyond the value of 5% of the difference,therefore, at this
stage we can judge only about trends and patterns.

Based on analyzing the results of the literature and of our research,
we can introduce a hypothetical pathogenic model, which gives the
possibility to identify the risks of respiratory and circular disease
development on the level of atmospheric pollution and -creates
epidemiological data interpretations based on biomarkers. According to
our hypothesis,in the population of Khreiti and Perevisa during the
chronic inflammatory process initiated by moderate pollution of the
atmosphere, oxygen free radicals and other mediators of oxygen released
into the respiratory tract and systemic circulation facilitate mobilization
of anti-radical and replication mechanisms to stabilize the genome of
somatic cells in the body.But at the same time can play the role of
mediators of alteration in the circulation system, and ass a result, high
risk of pulmonary obstructive pulmonary disease is shown to increase
the risk of arterial hypertension. A high level of environmental
pollution in the village of Rgani can cause the development of
permanent intensive oxidative stress in the damaged tissues of the
respiratory tract, which promotes the development of major non-spatial
changes in the genome of the cell, intensification of apoptosis p53-
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dependent mechanisms and secondary oxidative stress destroys the
apoptotic cells microenvironment, fibrosis and other effects that are
likely to occur in the Rgani village,with the increase in the risk of
chronic lung disease.

The presented pathogenic model connects the risk of respiratory and
circular diseases,air pollution levels, where the leading role is given to
stress stress, the status of anti-radical protection cell and systemic
mechanisms and genomic stability of the body. This model has a wide
range of further development, but requires specification and
verification.

Conclusions

1. The outcomes of outpatient surveys of population of the Chiatura
region villages (Khreiti,Rgani,Previsa) were analyzed by the initiative
group of the Republican Hospital, within the framework of universal
insurance program. The classes of diseases have been identified (Chronic
bronchitis ]J42, chronic obstructive pulmonary disease (J44), arterial
hypertension (I10)), their prevalence differs in the population of the
mentioned villages. It should be noted,that the prevalence of disease in
the villages does not significantly differ from the country's data.

2. It was established that chronic bronchitis and lung chronic disease
prevalence in women and men stratified cohorts is in the proportional
attitude with the living territory,distance and ecological threat source
the matching chances of Khreiti-Previsa,Previsa-Rgani,Khreiti-Rgani
accordingly 1,8; 3,5; 7,5)consequently, this attitude can be viewed as a
dependent dose-effect relation, and the potential ecological risk factor is
atmospheric dust particles.

3. It has been established that the main accompanying disease of lung
chronic disease is arterial hypertension, its prevalence is strongly
correlated with prevalence of primary fluid, whereas the first time the
arthritic hypertension is not fixed. This fact clearly indicates the causal
link between the lung chronic disease and the risks of arterial
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hypertension, and pulmonary chronic disease as a risk factor for the
development of arterial hypertension.In addition, it has been shown that
the risk of primary hypertension in the lower and middle ecological
tension zones correlates with the risk of lung chronic disease, while in
the high ecological tension zones there is a sharp increase in the risk of
lung chronic disease, and the risk of arterial hypertension decreases .
These facts indicate a highly competitive attitude between the risk of
lung chronic disease and the risks of arterial hypertension.

4. The difference between the total blood cholesterol and
triglycerides in the stratified cohorts of women and men of the
abovementioned population were not revealed.

5. In the Perevisa (Intermediate ecological tension zone) the blood
antidradical status in stratified cohorts of men and women is
significantly higher than the average level of this parameter in the
Khrithis(Ecologically clean area) population. While high ecological
tension zone (village Rgani) has a reliable decrease in the anti-radical
status. The possible interpretation of these facts can be considered with
high probability of adaptive mobilization of the organism's anti-radical
protection system in the conditions of intermediate ecological tension,
and depression (decompensation) of the anti-radical protection system
under conditions of strong oxidative stress.

6. A similar normality has been observed in the study of cytogenetic
markers; in the low and medium ecological tension zones (villages:
Khreiti and Perevisa) there is a moderate increase in the frequency of
micronucleus buccal cells in the population, while the low level of
micronucleus buccal cells is observed in the population of the village
Rgani, at the same time, a distruction of the different kernel types
(chromatin condensation, karyolysis and apoptotic bodybuilding) are
observed,which is typical for intensive cellular apoptosis.

7. Based on integrated analysis of the results of research on medical
statistics and biomarkers in the examined populations,the model of
connection between the chronic disease of chronic diseases, chronic
bronchitis and the development of arterial hypertension has been
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developed: an inflammatory process and oxidative stress, developed
under the confitions of the environmental impacts (atmospheric dust) ,
however, in this range, the adaptive mobilization of an organism's anti-
radical protection system limits the probability of destructive changes in
the lungs.With intensive impact of the risk factor, the inflammation
occurs with a specific model ,involving inflammatory cells (neutrophils,
macrophages and lymphocytes.These cells generate inflammatory
mediators and interact with the structural cells of respiratory and lung
parenchyma. In patients with chronic lung disease, there are a variety of
inflammatory mediators, which take the inflaimmatory cells from the
blood circulation (chemotax factor), enhance the inflammation process.

Practical recommendations

The obtained results allow us to offer the method ew used by to
denote the blood redox-status as sensitive test system that reflects the
health condition of population.
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